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Case Study

Bacterial Cholecystitis and Cholangiohepatitis in
Common Marmosets (Callithrix jacchus)

Sarah J Powers,'* Natalie Castell,! Rachel Vistein,! Anthony N Kalloo,?3 Jessica M Izzi,! and Kathleen L Gabrielson*

The common marmoset (Callithrix jacchus), a New World NHP, has emerged as important animal model in multiple areas
of translational biomedical research. The quality of translational research in marmosets depends on early diagnosis, treat-
ment, and prevention of their spontaneous diseases. Here, we characterize an outbreak of infectious cholangiohepatitis
that affected 7 adult common marmosets in a single building over a 10-mo period. Marmosets presented for acute onset of
lethargy, dull mentation, weight loss, dehydration, hyporexia, and hypothermia. Blood chemistries at presentation revealed
markedly elevated hepatic and biliary enzymes, but mild neutrophilia was detected in only 1 of the 7. Affected marmosets
were unresponsive to rigorous treatment and died or were euthanized within 48 h of presentation. Gross and histopathologic
examinations revealed severe, necrosuppurative cholangiohepatitis and proliferative cholecystitis with bacterial colonies
and an absence of gallstones. Perimortem and postmortem cultures revealed single or dual isolates of Escherichia coli and
Pseudomonas aeruginosa. Other postmortem findings included bile duct hyperplasia, periportal hepatitis, bile peritonitis,
ulcerative gastroenteritis, and typhlitis. Environmental contamination of water supply equipment with Pseudomonas spp.
was identified as the source of infection, but pathogenesis remains unclear. This type of severe, infectious cholangiohepatitis
with proliferative cholecystitis with Pseudomonas spp. had not been reported previously in marmosets, and we identified

and here describe several contributing factors in addition to contaminated drinking water.

DOI: 10.30802/ AALAS-CM-22-000075

Introduction

The common marmoset (Callithrix jacchus) colony at our
institution comprises more than 200 animals, ranging in age
from infant to geriatric. At the time of this outbreak, animals
were housed either individually, in pairs, or in family groups in
a single building. Approximately 2y prior to the outbreak, the
colony was genetically diversified by introducing 57 marmosets
from 2 German institutions into the breeding colony. The colony
is regularly screened for known pathogens of laboratory marmo-
sets including Giardia spp., Klebsiella pneumoniae, Campylobacter
spp., Salmonella spp., and Shigella spp.”*> Weight loss and diar-
rhea due to Giardia spp., Klebsiella pneumoniae, or Campylobacter
spp. infection are diagnosed and treated frequently within the
colony, whereas infection with Salmonella or Shigella spp. is rare.
Noninfectious metabolic and degenerative conditions managed
in the colony include obesity, dental disease, gastrointestinal
disease, and bone disease, including fibrous osteodystrophy.”?’

Liver disease occasionally is diagnosed in marmosets in our
colony, including in obese marmosets with liver enzyme eleva-
tions secondary to hepatic lipidosis (steatosis), and has been
reported in other colonies.!318 Liver amyloidosis as a sequalae
of chronic inflammatory pathologies can occur but typically
presents in marmosets with reduced body weight. Marmosets
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are highly susceptible to viral hepatitis, but our colony has
had no known cases associated with these agents.”? However,
from November 2019 through August 2020, 7 adult common
marmosets sporadically presented with a similar constellation
of clinical findings: acute onset severe lethargy, dull mentation,
anorexia with or without dehydration, and marked elevation of
liver enzymes in serum. This case series describes an outbreak
of acute bacterial cholecystitis, cholangiohepatitis, and typhlitis
caused by Pseudomonas spp. that was traced to the water supply
system and equipment. To our knowledge, this report is the first
to demonstrate infectious cholecystitis due to environmental
contamination in a marmoset colony.

Case Series

Clinical presentations. The index case was an experimen-
tally naive, 9-y-old male marmoset imported from a German
institution 2y prior to presentation. The family group of this
marmoset was reported for weight loss. Subsequent fecal
testing was positive for both Giardia spp. and Campylobacter
coli. After treatment of the group with tinidazole (62.5mg,
single oral gavage) and azithromycin (40 mg/kg PO once fol-
lowed by 20mg/kg PO daily for 4 d), this single adult male
remained PCR positive for C. coli. A new treatment plan was
started for this male, but the marmoset refused oral medica-
tion. The next day, this marmoset was acutely lethargic with
a dull mentation. No other neurologic deficits were noted, but
he remained minimally responsive to the environment unless
directly stimulated. On physical exam, he was severely dehy-
drated and later that day became frankly icteric. Radiographs
showed moderate distention of the stomach and bowel and

173


http://doi.org/10.30802/AALAS-CM-22-000075

Vol 73, No 2
Comparative Medicine
April 2023

decreased serosal detail in the abdominal cavity. Consistent
with these findings, hypoechogenic free fluid was present in
the abdomen on ultrasonography. Exploratory laparotomy
revealed severe peritonitis with yellow, viscous abdominal
effusion consistent with bile. This marmoset was euthanized
intraoperatively due to poor prognosis. Intraoperative cul-
tures were submitted, and a full necropsy was performed.

Over the next 10mo, 6 additional adult common marmosets
presented similarly, with clinical signs of acute lethargy, obtun-
dation, anorexia, hypothermia, and dehydration. Abdominal
palpation was unremarkable, and abdominal ultrasonogra-
phy was performed in a subset of animals. On ultrasound
examination, some marmosets had no remarkable findings
whereas others showed a hyperechoic gallbladder wall with
branching hyperechogenicity throughout the liver, indicative
of biliary tract inflammation. Aggressive supportive care was
initiated immediately in all cases; this included intravenous
and subcutaneous fluid administration, intravenous antibiot-
ics, gastrointestinal support, and heat or oxygen support as
indicated. Despite treatment, all marmosets showed progres-
sive clinical signs and were euthanized or died within 48h of
initial presentation.

Materials and Methods

Animals. A colony of approximately 200 common marmosets
(Callitrhix jacchus) is maintained at our institution for breeding
and for use in auditory neurophysiology research. Of the 7
marmosets included in this case series, 6 were from a group
of 57 obtained from 2 institutions (German Primate Center
and University Hospital of Diisseldorf) in 2017; the remain-
ing animal was born at our institution. In addition, 6 of the
affected marmosets were male, and all 7 animals were 3 to 11y
old (Table 1). These animals were experimentally naive and
used only for breeding; only one was singly housed during
this period. All affected marmosets were considered clinically
stable prior to presentation, and routine examination including
CBC counts and serum chemistries had revealed no concerning
abnormalities (Table 2).

At the time of this outbreak, all marmosets in the colony were
housed in 2 adjacent rooms in a single animal facility. Marmosets
used for breeding were housed in family groups consisting of a
breeding pair and as many as 3 generations of their offspring.
Marmosets being used for auditory experiments were housed in
pairs or singly when necessary for study purposes. Marmosets
were provided thermoneutral perching in the form of a nest box
or hanging shelter as well as mounted wood branches. These
materials were sanitized or replaced on a rotating basis to allow
for expression of normal scent-marking behaviors. All colony
animals were fed a regulated amount of a gel-based diet (Cal-
litrichid Diet 5LK6, LabDiet, St Louis, MO) to maintain healthy
body condition and were provided rotating edible enrichment

Table 1. Demographic characteristics of affected marmosets

consisting of cereals, dried fruits, chickpeas, and live wax
worms. Marmosets had ad libitum access to autoclaved water
bottles that were hand-filled with chlorinated water (targetlevel
1.0 to 1.5ppm) from a carboy system. The animal rooms were
maintained between 74 to 84 °F (23 to 29°C) and on a 14:10-h
light cycle. The colony was not maintained as SPF for any agents.
Marmosets were tested and treated for common pathogens as
clinically indicated.

All animals in this case study were covered by a breeding
protocol approved by the Johns Hopkins University IACUC.
This colony was maintained in an AAALAC-accredited facility.

Clinical pathology. Perimortem CBC counts and serum
chemistries were performed using blood collected into 500-puL
EDTA and serum separator tubes, respectively. Samples were
either analyzed by the Johns Hopkins Phenotyping Core us-
ing automated hematology (Procyte, IDEXX, Westbrook, ME)
and clinical chemistry (Respons 910 Vet, DiaSys, Waterbury,
CT) or shipped to IDEXX Bioanalytics (Columbia, MO) for
analysis. Serum from a single case and a healthy conspecific
were submitted to IDEXX Bioanalytics for ammonia level
measurement. No hemolysis or lipidemia was noted in any
of these samples.

Necropsy and histopathology. Complete diagnostic necropsies
were performed after marmosets either died spontaneously or
were euthanized. Before euthanasia, marmosets were deeply
anesthetized with intramuscular alfaxalone, which was per-
formed using intravenous or intracardiac pentobarbital-based
euthanasia solution. Tissues were fixed in 10% neutral buffered
formalin, routinely processed into 5um sections, and stained
with hematoxylin and eosin for microscopic examination.
Some sections were also processed for Brown Hopps Gram,
Ziel-Neelson acid fast, and Warthin-Starry stains by using
standard histology techniques.

Microbiologic analysis. Depending on the appearance of the
organs during necropsy, samples for postmortem culture were
collected from the gallbladder, liver, or abdominal cavity by
using culturettes (Culture Swab Amies without charcoal, BBL,
Becton Dickinson, Franklin Lakes, NJ) and were submitted to
IDEXX Reference Laboratories (North Grafton, MA) for process-
ing. A single abdominal culture was obtained aseptically during
exploratory laparotomy (case 1), whereas the remaining samples
were selected based on organ pathology and minimal likelihood
of contamination. In addition to samples for culture, swabs from
case 7 were submitted to IDEXX Bioanalytics for PCR testing
for C. coli, Campylobacter jejuni, Klebsiella pneumoniae, Salmonella
spp., and Shigella spp. Fresh liver samples from cases 2 and 7
were frozen at —20 °C and submitted to IDEXX Bioanalytics for
PCR testing of the following pathogens: adeno-associated virus;
Corynebacterium bovis; Corynebacterium spp. (HAC2); Epstein—
Barr virus; human adenovirus, Hantaan orthohantavirus;
human cytomegalovirus; hepatitis viruses A, B, and C; human
herpesviruses 6 and 8; HIV 1 and 2, human papillomaviruses

Case no.
1 2 3 4 5 6 7
Age (years) 9 7 3 5 7 10 11
Sex Male Male Male Male Female Male Male
Baseline weight (g) 380 430 390 470 440 430 390
Facility space Room 2 Room 1B Room 1A Room 1B Room 22 Room 2 Room 22

Housing status Family group Breeding pair

Singly housed Breeding pair

Breeding pair Family group Breeding pair

?These animals were housed together as a breeding pair.
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Table 2. Blood chemistry prior to clinical presentation and at time of presentation

Blood chemistry prior to clinical presentation®

Case no.

1 2 3 4 5 6 7 Reference range”
BUN (mg/dL) 20 21 28 14 20 31 59 9.5-52.4 (23.6)
ALT (U/L) 0 4 0 178 17 60 74 0.8-45.3 (3.0)
AST (U/L) 145 152 137 197 103 343 185 51.2-316.2 (155.7)
ALP (U/L) 111 147 93 65 48 69 69 44.0-426.3 (115.5)
GGT (U/L) 8 2 11 12 2 11 8 0.2-13.5 (2.8)
Total bilirubin 0.3 0.4 0.4 0.3 0.2 0.3 0.4 0-0.3 (0.0)
(mg/dL)

Blood chemistry at time of presentation
Case no.
2 3 4 5 7 Reference range

BUN (mg/dL) 127 45 NA 40 170 9.5-52.4 (23.6)
ALT (U/L) 41 261 NA > 600 > 600 0.8-45.3 (3.0)
AST (U/L) 364 7,665 1,100 71 1,416 51.2-316.2 (155.7)
ALP (U/L) 5,160 2,617 NA 252 THTC 44.0-426.3 (115.5)
GGT (U/L) 230 205 754 9 64 0.2-13.5 (2.8)
Total bilirubin 0.5 5.1 10.8 0.2 0.2 0-0.3 (0.0)
(mg/dL)

NA, not available; THTC, too high to count
Boldface indicates elevated values.

®Blood chemistry from most recent semiannual exam prior to clinical presentation.

PFrom references 17 and 18. Mean values given in parenthesis.

16 and 18; herpes simplex viruses 1 and 2; human T-lympho-
tropic viruses 1 and 2; lymphocytic choriomeningitis virus;
Mycoplasma spp., Seoul orthohantavirus, Sin Nombre ortho-
hantavirus, Treponema pallidum, and vesicular stomatitis virus.

Results

Clinical pathology. Serum chemistry analyses were performed
in 5 of the 7 cases. Results included marked increases in ALT,
AST, ALP, and GGT, consistent with severe acute liver failure
and cholestasis (Table 2). In addition, 2 cases showed hyper-
bilirubinemia, and 2 others had hypoalbuminemia. Consistent
with the severe dehydration noted on physical exam, BUN and
creatinine values were severely elevated, suggesting prerenal
azotemia.

Serum ammonia levels were measured in case 7 and in a
clinically healthy German-origin marmoset. Levels were over
599 umol/L for case 7 and 209 umol/L in the healthy control.

Table 3. CBC count at presentation

Published reference ranges for serum ammonia levels are not
currently available for marmosets.

CBC counts results were relatively unremarkable (Table 3).
Both RBC and total WBC parameters were within normal limits
for all cases. Mild neutrophilia (6.53 x 10%cells/uL) was present
in only one animal; otherwise leukocyte subtypes were normal
(less than 3 x 103cells/uL).

Necropsy and histopathology. Gross appearance of the
gallbladders ranged from dark green to tan to white; all had
thickened walls (up to 2mm) with bile contents that ranged
from yellow to hemorrhagic to purulent. None of the gallblad-
ders could be expressed (Figure 1 A). No obvious stones were
observed. All livers had multiple pale-to-tan nodules randomly
dispersed throughout the parenchyma (Figure 1 B), and 3 of
the 7 cases had peritonitis with fibrinous adhesions. In 5 of
the 7 cases, the cecal mucosal surface had raised, multifocal
to coalescing, yellow to white plaques, often with peripheral

Case no.

Reference
1 2 3 5 7 range®

WBC (x10%/uL) 4.15 8.7 3.4 2.89 3.17 12.0 = 10.8
Neutrophils (x10%/pL) 2.30 (55.4%) 6.53 (75.0%) 2.76 (81.2%) 2.00 (69.2%) 2.39 (75.5%) 32+ 15
Lymphocytes (x10%/uL) 1.68 (40.5%) 1.65 (19.0%) 0.47 (13.8%) 0.79 (27.3%) 0.54 (17.0%) 30+ 1.6
Monocytes (x10%/uL) 0.16 (3.9%) 0.44 (5.0%) 0.11 (3.2%) 0.10 (3.5%) 0.03 (0.9%) 0.25 + 0.18
Eosinophils (x10%/uL) 0 (0.0%) 0.09 (1.0%) 0 (0.0%) 0 (0.0%) 0.03 (0.9%) 0.23 + 0.14
Basophils (x10%/pL) 0.01 (0.2%) 0 (0.0%) 0.06 (1.8%) 0 (0.0%) 0.18 (5.7%) 0.16 + 0.15

Percent of total WBC count given in parenthesis.
Boldface indicates abnormal values.
aFrom references 17 and 22.
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Figure 1. Necrotizing, suppurative inflammation involving multiple
organs. (A) The gallbladder is diffusely white to yellow and has a
prominent hemorrhagic serosal surface (arrow). (B) Omental fat is
loosely adhered to liver capsule and contains 5 to 10, white to yellow,
umbilicated nodules that are 2 to 3 mm in diameter (arrow). The liver
has dozens of white to yellow umbilicated nodules ranging from
1 to 5 mm in diameter. (C) The mucosal surface of the cecal apex
has multifocal to coalescing, 2- to 3-mm, yellow nodules (arrow).
Scale bar, 1 cm.

hemorrhage (Figure 1 C). Histologically, all 7 cases showed
necrotizing typhlitis.

Histopathologic examination of the liver and gallbladder
revealed severe, necrotizing, and neutrophilic cholangiohepatitis
with proliferative and neutrophilic cholecystitis (Figure 2 A
through C) and intralesional bacterial colonies. Gallstones were

not detected in any of the cases. Vascular infiltration of bacteria
was evident in some examined sections of cecum with necrosis
(Figure 2 D). In addition, intrahepatic bile duct hyperplasia,
necrotizing periportal hepatitis, and necroulcerative typhlitis
were identified in all 7 cases (Figure 2 C and D). Three cases
showed gastric involvement, and one showed suppurative
nephritis. Other common histopathologic findings included
chronic lymphoplasmacytic enteritis (3 of 7 marmosets) and
a spectrum of progressive glomerulonephropathy (3 of 7
marmosets). Glomerulonephropathy is a commonly-observed
immune-mediated condition of aging marmosets without
clinical signs,'#?736 and is considered to be of minimal clinical
significance the current cases.

Microbiology results. PCR testing of tissues from cases 2 and 7
were negative for all tested pathogens, including Klebsiella spp.;
Salmonella spp.; Epstein-Barr virus; hepatitis viruses A, B, and
C; lymphocytic choriomeningitis virus, and Mycoplasma spp.

For 6 of the 7 animals, postmortem cultures of the gallblad-
der, liver, or abdominal cavity returned Pseudomonas spp. as
single isolates or in combination with other bacteria (Table 4).
In addition, 4 of the 7 cases yielded only Pseudomonas aeruginosa.
After the fourth case presented, concern regarding a possible
environmental source of infection prompted culture sampling
of the feed, food preparation supplies, and the water supply
system. Multiple components of the water supply system
returned single isolates of Pseudomonas spp. Further investiga-
tion of the water supply system revealed malfunctioning of the
automated chlorination system, resulting in chlorine levels that
were below those required for disinfection (measured chlorine,
0.0ppm; target level, 1.0 to 1.5ppm). The entire water system
subsequently was replaced with a reverse-osmosis system, and
water quality is now monitored through annual sterility testing,
filtration system inspection, and filter replacement. No further
cases have been identified since this change.

Discussion

Here, we describe a condition that has not been previously
reported in a marmoset colony. The top differential diagnosis
for the index case was K. pneumonia infection due to the sudden
onset of lethargy or anorexia, or sudden death without premoni-
tory signs.?® A minimal hematologic inflammatory response is
also consistent with K. pneumonia infections, as seen in a recent
published outbreak.?® Furthermore, several of the marmosets in
our colony are chronic carriers of K. preumoniae, in that they are
positive via fecal PCR analysis but are otherwise healthy and
asymptomatic. However, in this first case, diagnostic abdominal
ultrasonography and laparotomy demonstrated gallbladder
and liver involvement and necropsies of subsequent animals
revealed a clinical problem that we had not diagnosed previ-
ously in colony marmosets. Despite the profound neutrophilic
infiltration of the gallbladder and liver and evidence of bacterial
colonization, none of the affected marmosets showed an inflam-
matory leukogram, thus presenting a paradoxical clinical picture.

These 7 cases also shared many gross and histologic features.
In 5 of the 7 animals, gross pathology examination revealed a
cecal mucosal surface with raised, multifocal to coalescing, yel-
low to white plaques. Histologically, all 7 cases had necrotizing
and neutrophilic typhlitis with bacterial colonies (plaques),
and one case had evidence of bacterial vascular invasion. The
correlation between cecal bacterial infection and infection of
the biliary tract and liver is not understood. We suspect that
bacterial inoculation via the oral route (i.e., drinking water)
resulted in colonization of the upper gastrointestinal tract fol-
lowed by either ascending infection (e.g., from the duodenum
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Figure 2. Necrotizing, suppurative inflammation involving multiple organs. (A) Transmural neutrophilic infiltration within the gallbladder
with epithelial hyperplasia (arrow). (B) Intrahepatic biliary duct hyperplasia (arrow). Occasional bile ducts are filled with neutrophils. (C) Peri-
portal hepatic necrosis and suppurative inflammation. D) Transmural necrotizing neutrophilic infiltration within cecum with peritonitis. Insert:
Bacterial rods (hematoxylin positive area) infiltrating a large vessel wall. Hematoxylin and eosin stain; scale bars, 200 um (A and C), 100 um (B),

500 um (D); white scale bar, 30 pm.

Table 4. Results of postmortem cultures

Abdominal
Gallbladder Liver cavity
Case 1 Not sampled E. coli E. coli
Case 2 P. aeruginosa Not sampled Not sampled
Case 3 Not sampled P. aeruginosa, Not sampled
E. coli
Case 4 P. aeruginosa P. aeruginosa Not sampled
Case 5 P. putida, E. coli ~ Not sampled Not sampled
Case 6 P. aeruginosa, E. Not sampled Not sampled
coli
Case 7 P. aeruginosa Not sampled  Pseudomonas spp.

to the biliary tract and, ultimately, the liver) or septicemia after
translocation into the portal blood supply.?

The vulnerability of the gallbladder to bacterial colonization
usually depends on cholelithiasis. However, because none of
these animals had gallstones, other host or bacterial virulence
factors must have predisposed individuals the observed bac-
terial cholecystitis. Gallbladder disease has been reported in
baboons, macaques, marmosets, and tamarins, and in general
is commonly a consequence of cholelithiasis, experimentally
induced immunodeficiency, or parasitic coinfection.17,303435
A search of the literature did not reveal reports of severe infectious
cholecystitis or cholangiohepatitis—especially with such acute,

severe clinical presentation—in marmosets. Multiple reviews of
spontaneous or background pathology in common marmoset
colonies report low percentages of hepatitis and cholecystitis,
but these review do not include the initial clinical signs.!1633
One review article reports infection with P. aeruginosa in 3 colitis
cases and 3 hepatitis cases, but the pathogenesis and cause of
death were unclear."

Other common clinical features in our cases were dull menta-
tion and lethargy at presentation. Due to the severely elevated
serum liver enzymes indicative of liver failure, hepatic encepha-
lopathy was considered. In this regard, serum ammonia was
greatly elevated in case 7 (the only animal tested). Sampling
and analyzing ammonia blood levels can be complicated due
to its inherent instability and frequent artificial elevation.'?
Because reference values are not available for serum ammonia in
marmosets, we also submitted a serum sample from a normal
marmoset. Although both results are likely artificially elevated
due to the shipping time to the testing facility, the scale of differ-
ence between the healthy and affected marmosets is consistent
with a genuine increase in the affected animal. The CNS signs
of obtunded or depressed mentation and ataxia can occur with
hyperammonemia, but presence of hyperammonemia among
the other 6 marmosets was not verified.

All 7 marmosets in this case series were used for breeding.
During the same period in which the clinical cases occurred,
the mortality rate was higher than expected in their offspring.
Between March 2019 and July 2020, 86% (6 of 7) of the affected
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adult breeding marmosets had multiple offspring die within 48 h
of birth, totaling 23 offspring. Ten of those 23 infants (43%) had
histologic hepatobiliary disease that varied in severity. Liver le-
sions included necrosis, thrombosis, hemorrhage, bile stasis, and
biliary duct hyperplasia, and in one case, hepatobiliary disease
that resembled extrahepatic biliary atresia, with inflammation
and bile plugging. By comparison, in healthy adult breeding
pairs during the same timeframe only 1 of 38 offspring (2.6%)
that died or were euthanized within 48h had hepatobiliary dis-
ease. Due to their small size and lack of postmortem indication,
cultures were not obtained from any of the infant marmosets.
Although a cause for the hepatic lesions was not readily appar-
ent in these cases, the findings in the infants likely are related
to the parents’ chronic infection with Pseudomonas spp. Since
we eliminated Pseudomonas spp. from the water supply, none of
the infant marmosets that have died or been euthanized have
had hepatobiliary lesions identified on necropsy.

Several animals used for neurologic studies in our facility
have chronic cranial implants that are monitored via culture of
implant margins for implant-associated infections, including
Staphylococcus aureus, Streptococcus spp., and Pseudomonas spp.
When infection is detected during screening, these animals
are treated if clinical signs are present. None of these chroni-
cally implanted animals were included in the case series we
described here.

Pseudomonas spp. are ubiquitous in the environment and an
opportunistic pathogen in humans and many other species.?”
They are difficult to eliminate due to their ability to form a bio-
film. As is clear from this case series, P. aeruginosa infections can
be life-threatening, progress rapidly, rarely affect the leukogram,
and can be difficult to treat. Treatment is often hindered by the
organism’s ability to form biofilms, which is a self-generated
matrix of extracellular polysaccharides, proteins, and lipids.
The biofilm protects bacterial colonies from environmental
stressors, temperature changes, and phagocytosis by the im-
mune system.!%7

In clinical settings, P. aeruginosa is intrinsically resistant to
many antibiotics, limiting the range of antibiotics for which sen-
sitivity testing is indicated.?” In our cases, Pseudomonas isolates
were susceptible to the antibiotics ceftazidime, imipenem, amika-
cin, gentamicin, ciprofloxacin, enrofloxacin, and marbofloxacin.
A single gallbladder isolate was resistant to enrofloxacin.

We reviewed these cases for a common predisposing feature
for susceptibility to this infection. In humans, P. aeruginosa is
opportunistic and infections occur in immunocompromised
individuals.?” To investigate the possibility of an underlying
primary infection causing immunosuppression, postmortem
liver samples from 2 of the 7 cases were tested for common
gastrointestinal and hepatic parasites, viruses, and bacteria.
Although none of the cases had a recent clinical history of di-
arrhea or systemic illness, other individual marmosets in our
colony are fecal positive for Giardia, and a previous outbreak
in Salmonella in 2015 resulted in ulcerative colitis. In addition,
in humans, Giardia has been reported as a cause of acute chol-
ecystitis.>* We also considered coinfection with Helicobacter spp.,
given that our animals” hepatobiliary inflammation and chronic
enteritis are consistent with reports in other marmoset colonies
and other species of NHP.3!3 Other potential infectious agents
included Epstein-Barr virus; hepatitis viruses A, B, and C; lym-
phocytic choriomeningitis virus, and Mycoplasma spp. Both liver
samples were PCR negative for all agents. Although less likely,
another potential pathogen was Callitrichine herpesvirus 3, which
causes a lymphoproliferative disease and B cell lymphoma of
the gastrointestinal tract and associated lymph nodes that often

results in intraabdominal masses. In cases of infection with
Callitrichine herpesvirus 3, hematology often reveals neutrophilia
with left shift and elevated liver enzymes.?8 Although 3 of our
7 marmosets had chronic lymphoplasmacytic enteritis, none
had enlarged lymph nodes or evidence of lymphoproliferative
disease or B cell lymphoma, thus ruling out Callitrichine
herpesvirus 3. Historically, callitrichid hepatitis can be caused
by lymphocytic choriomeningitis virus, an arenavirus that results
in rapidly progressive illness or sudden death,® as was seen in
this case series. When affected animals are discovered perimor-
tem, clinical chemistry analyses likely will reveal elevated serum
AST and total bilirubin in conjunction with lymphocytosis.® Mus
musculus serve as a natural reservoir, and although outbreaks
of callitrichid hepatitis are most commonly reported in zoos
and animal parks, an outbreak in a primate research facility is
possible if feral rodents are present.3?

After we cultured Pseudomonas at necropsy, we began to
search for the source of an infection. Immediately after the
failed chlorination system was discovered, it was replaced with
a reverse-osmosis filtration system. Currently, autoclaved bot-
tles are filled directly from the filtration system and changed
3 times each week. Since this revised sanitation policy was im-
plemented, no additional cases have occurred. With the source
of infection identified and removed, the remaining question is
why only a small subset of the population succumbed to severe
infection while the majority remained unaffected despite a
common water supply. Only 3% of the colony was affected, but
no obvious pattern of infection was determined, and disease
occurred in both animal rooms. Two affected animals were
cohoused, but their cases occurred 2mo apart. Signalment of
affected animals showed a strong predisposition toward older
male marmosets. The average age of cases was 7.5years, and
all but one of the affected animals was male. In addition, 86%
(6 of 7 animals) of cases occurred in a cohort of animals obtained
from 2 institutions in Germany during 2017. This population of
marmosets represents approximately 25% of the colony, but the
genetic relatedness of the animals in this cohort is unknown.

In humans, Pseudomonas infections are associated with water,
similar to this case series. Pseudomonas infection outbreaks in
humans are prevalent in hospitals, and strategies for its elimi-
nation have been reviewed.??2 Devices, instrumentation, water
tubing, and electronic faucets are particularly important factors
in transmission. In addition, Pseudomonas has been transmitted
to the lung during bronchoscopy® and to the biliary system
after endoscopic procedures. The human biliary tract is particu-
larly susceptible to Pseudomonas infections.!® Ten patients who
underwent endoscopic retrograde cholangiopancreatography
(ERCP) with a single contaminated endoscope grew P. aeruginosa
serotype 10 from their bile samples, and 5 of the 10 patients had
clinical manifestations including cholecystitis and abscesses.
P. aeruginosa strains from the bile and elevator endoscope chan-
nel were cultured to show the cross-contamination between
patients when endoscopes were not cleaned and disinfected
appropriately.! Bacterial infection is considered a main com-
plication of ERCP, especially with bacteria like Pseudomonas
that can form biofilms. Recently, new standards for disinfection
highlight the worldwide problem of bacterial contamination
during endoscopy.®2!

In summary, we describe here a case series in common mar-
mosets with severe acute cholangiohepatitis and cholecystitis
associated with Pseudomonas spp. contamination of the water
supply. Six of the affected 7 marmosets had been imported into
our colony from institutions in Germany, all of the affected
marmosets were experimentally naive, and 6 of the 7 animals
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were older males. This case series highlights the importance of
considering environmental factors in disease outbreaks even
when discrete patterns are unclear. This novel disease presenta-
tion is of potential importance for all institutions that maintain
marmoset colonies.
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