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Case Report

Extraintestinal Campylobacteriosis in Rhesus
Macaques (Macaca mulatta)

Elizabeth A Clemmons,' Sherrie M Jean,' Deepa K Machiah,? Eileen Breding,* and Prachi Sharma>*”

Two cases of clinical disease associated with extraintestinal Campylobacter infection were recently encountered in rhesus macaques
(Macaca mulatta). The first case was that of a 3-y-old, male, rhesus macaque experimentally infected with SIV, who presented with
abdominal pain and a midabdominal mass and was euthanized. Pathology findings included an abscess within the median liver
lobe, fibrinopurulent peritonitis, and intestinal serositis with isolation of Campylobacter fetus from the blood, liver, and the he-
patic abscess. The second case was that of a 1-mo-old, female, rhesus macaque who died with no apparent history of illness. Gross
pathology findings included thin body condition and diarrheic staining of the perineum; histologically, acute multifocal hepatitis
with intralesional bacteria was noted. Campylobacter coli was isolated from the liver and colon. Extraintestinal Campylobacter
infection is uncommon in humans, usually occurring in immunocompromised subjects and most commonly manifesting as bac-
teremia. Extraintestinal Campylobacter infections in animals are rare but have been associated with bacteremia and cholecystitis.
The macaques presented here were either immunocompromised due to SIV infection (case 1) or more vulnerable due to young age
(case 2). These factors likely contributed to the extraintestinal spread of Campylobacter.

Campylobacter spp. are curved or spiral, gram-negative, micro-
aerobic, typically motile bacteria with a single flagellum at one
or both ends of the cell.” Campylobacter is one of the most com-
mon bacterial causes of gastroenteritis in humans worldwide.?
The Centers for Disease Control and Prevention estimate it to af-
fect more than 1.3 million people in the United States each year."
Campylobacter spp. colonize the intestinal tract of primates, other
mammals, birds, reptiles, and shellfish, but infection is not al-
ways associated with clinical signs of disease.*?® Contaminated
or undercooked poultry represents the largest potential source of
human infection.”? Campylobacteriosis is a zoonosis, and other
significant sources of human infection include livestock, wildlife,
pets, and contaminated water.”? The species most commonly iso-
lated from humans and nonhuman primates are C. jejuni and C.
coli; other species like C. fetus are less commonly found.?*** Ex-
traintestinal campylobacteriosis in humans usually occurs in im-
munocompromised or elderly persons with underlying medical
problems and most commonly manifests as bacteremia.” There
have been a few reports of extraintestinal Campylobacter infections
in animals, including bacteremia and cholecystitis in 2 dogs.”*

Case Report
History. Yerkes National Primate Research Center of Emory
University is a fully AAALAC-accredited facility. All animals in
the colony are managed under IACUC-approved protocols in ac-
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cordance with the applicable USDA Animal Welfare Regulations
and the Guide for the Care and Use of Laboratory Animals.*'®

Case 1 involved a 3-y-old, male, indoor-housed, rhesus ma-
caque who was experimentally infected with SIV__ 251. Five
months after inoculation, he presented for lethargy and pre-
sumptive abdominal pain. On physical exam, he was in fair body
condition and had a palpable, fluctuant midabdominal mass.
Radiographs revealed generalized loss of abdominal serosal de-
tail, severe hepatomegaly, and distended, gas-filled intestines
(Figure 1). Abdominal ultrasonography revealed a hypoechoic
to anechoic mass within the liver, which appeared to be full of
fluid and some hyperechoic debris. All erythrocyte values were
normal, and the leukogram showed a leukopenia, characterized
by neutropenia, regenerative left shift, lymphopenia, and slight
monocytosis (Table 1). Serum chemistry revealed hypoprotein-
emia and hypoalbuminemia, increased liver enzyme values,
slight azotemia, hyperphosphatemia, hypocalcemia and hypona-
tremia (Table 2). Due to the severity of signs and poor prognosis,
euthanasia was elected.

Case 2 concerned a 1-mo-old, female, rhesus macaque who
died without any apparent history of illness. The infant was
housed with her dam in an indoor—outdoor enclosure among a
large social group. A physical examination performed 1 wk prior
to her death did not reveal any obvious clinical abnormalities.

Pathology. At necropsy, case 1 had an abscess (diameter, ap-
proximately 5 cm) within the median liver lobe, and the omentum
had multifocal adherence to the hepatic serosa. Severe multifo-
cal fibrinopurulent peritonitis and intestinal serositis also were
present. C. fetus was isolated from the blood, liver, and hepatic
abscess. Due to the prolonged postmortem interval, the infant in
case 2 was moderately to severely autolyzed. The animal was in a
thin body condition and had diarrheic staining of the perineum.
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Figure 1. Case 1. Radiograph, right lateral, abdomen. Generalized loss
of abdominal serosal detail, severe hepatomegaly, and distended, gas-
filled intestines.

Table 1. Leukocyte abnormalities, case 1

Parameter Result (x10°/uL) Reference?
WBC 6.8 15.66 +3.16
Neutrophils 2.37 6.18 £2.40
Bands 1.21

Lymphocytes 1.95 8.94 +2.46
Monocytes 0.54 0.36 £0.20

“Reference values from reference 12 reported as mean + 1 SD.

Table 2. Serum chemistry abnormalities, case 1

Parameter Result Reference range®
AST (U/L) 66 27-45

ALP (U/L) 3500 55-237
GGT (U/L) 196 51-85

BUN (mg/dL) 36 22-30
Phosphorous (mg/dL) 7.4 3.8-5.6
Calcium (mg/dL) 7.4 9.9-10.9
Sodium (mmol/L) 133 147-155
Total protein (g/dL) 51 7.3-8.3
Albumin (g/dL) 1.8 3.8-4.8

‘Reference range for adult indoor-housed male rhesus macaques
obtained from reference 5.

No additional gross lesions were noted. C. coli was isolated from
the liver and colon.

Tissue samples collected at necropsy were fixed in 10% neutral
buffered formalin, embedded in paraffin, sectioned at 4 um, and
stained with hematoxylin and eosin. In case 1, the median hepatic
lobe parenchyma had multifocal necrosis intermixed with degen-
erate and viable neutrophils and bacteria (Figure 2). Steiner silver
staining of liver samples showed frequent spiral-shaped Campylo-
bacter organisms within the lumen of the bile duct (Figure 3). The
apical surface of the bile duct epithelial cells was often lined with
minute (2 to 6 um), basophilic, apicomplexan protist dots (Cryp-
tosporidium spp.; Figure 3). The pancreatic duct had aggregates
of neutrophils in its lumen and occasional cryptosporidia on the
apices of the ductular epithelial cells. The lung alveolar lumina
occasionally contained moderate aggregates of neutrophils inter-
mixed with mucin. Cryptosporidia were noted occasionally at the
apical surfaces of bronchiolar epithelial cells.
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Figure 2. Case 1. Liver. The hepatic parenchyma has multifocal necrosis
intermixed with degenerate and viable neutrophils (arrows) and bacteria.
Hematoxylin and eosin stain; magnification, 100x.

Figure 3. Case 1. Bile duct. Spiral-shaped Campylobacter organisms with-
in the lumen of the duct (black arrows). Cryptosporidia spp. located at the
apical surfaces of epithelial cells (red arrows). Steiner stain; magnifica-
tion, 600x.

In case 2, the hepatic parenchyma had severe diffuse infiltrates
of neutrophils, lymphocytes, and macrophages intermixed with
spiral-shaped bacteria (Figure 4). The lamina propria of the small
intestine from both cases had moderate diffuse infiltrates of lym-
phocytes, macrophages, and few plasma cells along with rare
dilated lymphatics. Case 1 had moderate multifocal proliferation
of goblet cells.

Electron microscopy was performed on sections of liver from
both cases. Formalin-fixed tissue sections were trimmed into 1
x 1 mm sections, postfixed in 1% phosphate-buffered osmium
tetroxide, and embedded in epoxy resin. Ultrathin sections were
stained with uranyl acetate and lead citrate and examined with an
electron microscope (model 1011, JEOL, Peabody, MA). Electron
microscopy identified Campylobacter within the liver in both cases
(Figure 5).

To determine whether there was an increase in microbial trans-
location through a breach in intestinal mucosa,'* immunohisto-
chemistry (IHC) was performed using an antibody against the
LPS core antigen (catalog no. 2D7/1, antiE. coli LPS antibody,
Abcam, Cambridge, MA) to observe the bacterial products
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Figure 4. Case 2. L1ver. The hepatlc parenchyma has severe diffuse in-
filtrates of neutrophils, lymphocytes, and macrophages (arrows) inter-
mixed with bacteria. Hematoxylin and eosin stain; magnification, 200x.

Figure 5. Case 2. Liver. A spiral, curved bacterlum (arrow) is present in
the hepatic parenchyma. Transmission electron microscopy; bar, 0.5 um.

within the lamina propria. Frequently, LPS-positive cells, espe-
cially macrophages (stained with antiCD68 antibody; Pierce,
Thermo Fisher Scientific, Waltham, MA), were present in the
lamina propria of the duodenum in both cases (Figures 6 and 7).
Sections of small intestine from an SIV-infected macaque with
severe campylobacteriosis served as both a positive control (when
incubated with LPS- and CD68-specific antibodies) and a nega-
tive control (when incubated with irrelevant, isotype-matched
control immunoglobulins).

Bacteriology. Samples were cultured under microaerophilic
conditions on either Campylobacter-specific blood agar or CVA
agar at 42 °C or 37 °C, respectively. Gram staining of suspect-
ed Campylobacter colonies allowed the visualization of small,
curved, gram-negative bacilli. A positive oxidase test con-
firmed that the bacilli were Campylobacter spp. Antimicrobial
susceptibility testing with nalidixic acid and cefalotin followed
by hippurate hydrolysis was used to differentiate among the
Campylobacter species most commonly encountered at YNPRC.
Colonies resistant to nalidixic acid but susceptible to cefalotin
were identified as C. fetus. Colonies susceptible to nalidixic
acid, resistant to cefalotin, and negative for hippurate hydro-
lysis were identified as C. coli.
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Figure 6. Case 1. Duodenum. Cells positive for LPS core antigen (ar-
rows) occur frequently in the lamina propria. Immunohistochemistry
for LPS; magnification, 400x.

Figure 7. Case 1. Duodenum. Red arrows indicate CD68* cells (mac-
rophages, red). Green arrows indicate cells showing LPS staining only
(green). Yellow arrows indicate dual-labeled macrophages containing
LPS (yellow). Nuclei were stained with DAPI (blue). Dual immunofluo-
rescence for CD68 and LPS; magnification, 200x.

Discussion

Several Campylobacter spp. can cause diarrhea due to gastro-
enteritis, but primarily C. jejuni followed by C. coli is associated
with diarrhea in humans, nonhuman primates, and other domes-
tic, wild, and laboratory animals.>"”? Although Campylobacter
is not always associated with disease and is sometimes consid-
ered a commensal organism, its presence outside the intestinal
tract can cause serious systemic illness.”? Compared with other
species, C. fetus may be more invasive and more likely to spread
beyond the intestinal tract in humans.?** Extraintestinal Cam-
pylobacter infection in humans most commonly presents as bac-
teremia and occasionally as cholecystitis, hepatitis, pancreatitis,
nephritis, myocarditis, cellulitis, meningitis, abortion, and ab-
scesses. 1132021232531 Human patients with extraintestinal campy-
lobacteriosis usually are immunocompromised, and one group
identified the first month of life and immunosuppression as fac-
tors that potentially predispose humans to extraintestinal Cam-
pylobacter infection.”*** In our 2 macaques, SIV infection (case
1) and bacterial infection during infancy (case 2) were the most
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likely causes of immunocompromise leading to the extraintestinal
spread of Campylobacter spp.

Campylobacter has been reported to have a propensity for colo-
nizing the liver, biliary tract, and gallbladder in humans, mice,
and rhesus macaques because it appears well suited to grow in
bile.”8131> Both macaques likely had intestinal colonization by
Campylobacter spp. combined with an inadequate immune re-
sponse, which allowed extraintestinal spread either by transcel-
lular or paracellular® translocation across a compromised mucosal
barrier, with subsequent hematogenous spread or as an ascend-
ing infection through the bile duct.

Presumptive diagnosis of Campylobacter can be made by mi-
croscopic identification of motile and curved or spiral-shaped
rods in stool samples.!” Other culture-independent methods
such as serologic testing are used occasionally, but defini-
tive diagnosis of Campylobacter infection usually is made by
isolation of the organism from blood, feces, or other tissue
samples.>*'” Successful culture generally requires the use of
selective media and incubation at 42 °C in a microaerophilic
atmosphere.? Because some Campylobacter spp. are more fas-
tidious than are C. jejuni and C. coli, several culture and bio-
chemical methods may be required for diagnosis.” Antibiotic
therapy may not be necessary in all cases of Campylobacter-
induced diarrhea, but lack of appropriate antibiotic treatment
has been associated with 88% mortality in humans diag-
nosed with Campylobacter bacteremia.>** Macrolide antibiot-
ics, such as erythromycin and the newer drugs clarithromycin
and azithromycin, are the frontline Campylobacter treatment
in nonhuman primates and humans, although low levels of
resistance have been reported.?'*'* Fluoroquinolones are a
frequently chosen empirical diarrhea treatment in humans and
are generally effective against Campylobacter, but one study in
humans found an increased risk of death with empirical use of
fluoroquinolones in patients with C. fetus.?® Regimens includ-
ing an aminoglycoside, such as gentamicin, or a carbapenem,
such as imipenem, have been used successfully to treat severe
systemic Campylobacter infection in humans.'¢?* Several sur-
veillance programs have reported high levels of Campylobacter
resistance to tetracycline and ciprofloxacin.'®

Cryptosporidium, identified in case 1, is a common opportunis-
tic pathogen seen in immunodeficient rhesus macaques.”* This
organism can cause chronic diarrhea, anorexia, and weight loss*
and is frequently isolated from the small intestine, gall bladder,
and biliary duct.’*** We believe that, although cryptosporidiosis
may have contributed to the loss of condition in this animal, the
most significant pathology (hepatic abscess) which led to his eu-
thanasia was associated with campylobacteriosis.

Finally, due to the frequent presence of Campylobacter spp. in
the gastrointestinal tract and the number of nonhuman primates
that are immunocompromised secondary to experimental or nat-
ural causes, extraintestinal spread of Campylobacter is a real and
recurring risk factor for morbidity and mortality in such cases.
Therefore, systemic campylobacteriosis needs to be included on
a list of rule-outs for ill and potentially immunocompromised
nonhuman primates, especially when hepatobiliary involvement
is suspected.

Acknowledgments
This work was supported by a NIH-NCRR base grant (P51RR000165)
to Yerkes National Primate Research Center. We thank the YNPRC

Extraintestinal campylobacteriosis in rhesus macaques

animal care staff, necropsy staff, and veterinary technicians for their
assistance with this work.

References

Animal Welfare Regulations. 2008. 9 CFR 3.129.

2. Abee C,Mansfield K, Tardif S, Morris T. 2012. Nonhuman primates
in biomedical research, vol 2: diseases, 2nd ed. New York (NY):
Elsevier.

3. Allos BM. 2001. Campylobacter jejuni infections: update on emerging
issues and trends. Clin Infect Dis 32:1201-1206.

4. Andrade MC, Gabeira SC, Abreu-Lopes D, Esteves WT, Vilardo
Mde C, Thome JD, Cabello PH, Lauria-Filgueiras AL. 2007. Circula-
tion of Campylobacter spp. in rhesus monkeys (Macaca mulatta) held in
captivity: a longitudinal study. Mem Inst Oswaldo Cruz 102:53-57.

5. Association of Primate Veterinarians. [Internet]. Nonhuman pri-
mate formulary. [Cited 3 January 2014]. Available at: http://www.
primatevets.org/education.

6. Baker NT, Graham LL. 2010. Campylobacter fetus translocation across
Caco2 cell monolayers. Microb Pathog 49:260-272.

7. Blaser MJ, Duncan DJ, Warren GH, Wang WL. 1983. Experimental
Campylobacter jejuni infection of adult mice. Infect Immun 39:908-916.

8. Blaser MJ, Hardesty HL, Powers B, Wang WL. 1980. Survival of
Campylobacter fetus subsp. jejuni in biological milieus. ] Clin Microbiol
11:309-313.

9. Blaser M]J, Perez GP, Smith PF, Patton C, Tenover FC, Lastovica
AJ, Wang WI. 1986. Extraintestinal Campylobacter jejuni and Campy-
lobacter coli infections: host factors and strain characteristics. ] Infect
Dis 153:552-559.

10. Butzler JP. 2004. Campylobacter, from obscurity to celebrity. Clin
Microbiol Infect 10:868-876.

11. Centers for Disease Control and Prevention. 2012. CDC health informa-
tion for international travel. New York (NY): Oxford University Press.

12. Chen Y, Qin SF, Ding Y, Wei LL, Zhang J, Li HX, Bu H, Lu YR,
Cheng JQ. 2009. Reference values of clinical chemistry and hematol-
ogy parameters in rhesus monkeys (Macaca mulatta). Xenotransplan-
tation 16:496-501.

13. Costel EE, Wheeler AP, Gregg CR. 1984. Campylobacter fetus sp. fetus
cholecystitis and relapsing bacteremia in a patient with acquired
immunodeficiency syndrome. South Med J 77:927-928.

14. Estes JD, Harris LD, Klatt NR, Tabb B, Pittaluga S, Paiardini M,
Barclay GR, Smedley J, Pung R, Oliveira KM, Hirsch VM, Silvestri
G, Douek DC, Miller CJ, Haase AT, Lifson J, Brenchley JM. 2010.
Damaged intestinal epithelial integrity linked to microbial transloca-
tion in pathogenic simian immunodeficiency virus infections. PLoS
Pathog 6:€1001052.

15. Fitzgeorge RB, Baskerville A, Lander KP. 1981. Experimental infec-
tion of rhesus monkeys with a human strain of Campylobacter jejuni.
J Hyg (Lond) 86:343-351.

16. Ge B, Wang F, Sjolund-Karlsson M, McDermott PF. 2013. Antimi-
crobial resistance in Campylobacter: susceptibility testing methods
and resistance trends. ] Microbiol Methods 95:57-67.

17. Greene CE. 2012. Infectious diseases of the dog and cat, 4th ed. St
Louis (MO): Elsevier.

18. Institute for Laboratory Animal Research. 2011. Guide for the care
and use of laboratory animals, 8th ed. Washington (DC): National
Academies Press.

19. Kaup FJ, Kuhn EM, Makoschey B, Hunsmann G. 1994. Cryptospo-
ridiosis of liver and pancreas in rhesus monkeys with experimental
SIV infection. ] Med Primatol 23:304-308.

20. Korman TM, Varley CC, Spelman DW. 1997. Acute hepatitis as-
sociated with Campylobacter jejuni bacteraemia. Eur ] Clin Microbiol
Infect Dis 16:678-681.

21. Kratzer C, Wolf F, Graninger W, Weissel M. 2010. Acute cardiac
disease in a young patient with Campylobacter jejuni infection: a case
report. Wien Klin Wochenschr 122:315-319.

22. Lee MD, Newell DG. 2006. Campylobacter in poultry: filling an
ecological niche. Avian Dis 50:1-9.

—_

499

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-28



Vol 64, No 6
Comparative Medicine
December 2014

23.

24.

25.

26.

27.

500

Man SM. 2011. The clinical importance of emerging Campylobacter
species. Nat Rev Gastroenterol Hepatol 8:669-685.

McClure HM, Anderson DC, Fultz PN, Ansari AA, Lockwood E,
Brodie A. 1989. Spectrum of disease in macaque monkeys chronically
infected with SIV/SMM. Vet Immunol Immunopathol 21:13-24.
Nachamkin I, Szymanski CM, Blaser MJ. 2008. Campylobacter, 3rd
ed. Washington (DC): ASM Press.

Pacanowski J, Lalande V, Lacombe K, Boudraa C, Lesprit P,
Legrand P, Trystram D, Kassis N, Arlet G, Mainardi JL, Doucet-
Populaire F, Girard PM, Meynard JL. 2008. Campylobacter bacteremia:
clinical features and factors associated with fatal outcome. Clin Infect
Dis 47:790-796.

Singh I, Carville A, Tzipori S. 2011. Cryptosporidiosis in rhesus
macaques challenged during acute and chronic phases of SIV infec-
tion. AIDS Res Hum Retroviruses 27:989-997.

28.

29.

30.

31.

32.

Tee W, Mijch A. 1998. Campylobacter jejuni bacteremia in human
immunodeficiency virus (HIV)-infected and nonHIV-infected
patients: comparison of clinical features and review. Clin Infect
Dis 26:91-96.

Wachtman LM, Mansfield KG. 2008. Opportunistic infections
in immunologically compromised nonhuman primates. ILAR ]
49:191-208.

Weese JS, Fulford MB. 2011. Companion animal zoonoses. Ames
(IA): Wiley—Blackwell.

Wong JS, Anderson TP, Chambers ST, On SL, Murdoch DR. 2009.
Campylobacter fetus-associated epidural abscess and bacteremia. ]
Clin Microbiol 47:857-858.

Yanai T, Chalifoux LV, Mansfield KG, Lackner AA, Simon MA.
2000. Pulmonary cryptosporidiosis in simian immunodeficiency
virus-infected rhesus macaques. Vet Pathol 37:472-475.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-28



