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Septic arthritis is a condition of joint inflammation that is sec-
ondary to bacterial infection5 and is an uncommon diagnosis in 
nonhuman primates, which instead are more likely to present 
with rheumatoid arthritis or a reactive arthritis from enteric patho-
gens such as Shigella flexneri.1 Reported cases of septic arthritis in 
nonhuman primates include Streptococcus aureus in a male orang-
utan (Pongo pygmaeus),11 Salmonella spp. osteomyelitis in a rhesus 
macaque,13 polyarthritis suggestive of Mycoplasma in a rhesus 
macaque,17 and Streptobacillus moniliformis in a titi monkey (Cal-
licebus sp.).20 Osteoarthritis is the most common type of arthritis in 
humans.5

Case Report
Presentation. A 5.5-y-old Chinese-origin female rhesus ma-

caque (Macaca mulatta) presented for lameness. The macaque was 
seronegative for Macacine herpesvirus 1, SIV, simian retrovirus type 
D, and simian T-lymphotropic virus and had been group-reared 
in an SPF breeding colony at the Tulane National Primate Re-
search Center. The facility is licensed by the US Department of 
Agriculture and has had continuous AAALAC accreditation since 
1983. All animals in the breeding colony are on IACUC-approved 
protocols, and their management is consistent with all applicable 
regulations as prescribed in the Animal Welfare Regulations2 and 
in accordance with the Guide for the Care and Use of Laboratory Ani-
mals.12 Animals in the SPF breeding colony are socially housed 

outdoors in compatible groups and supplied twice daily with a 
commercial diet (LabDiet no. 5K63, PMI Nutrition International, 
Brentwood, MO), which is supplemented with fresh produce and 
forage materials. Swings, platforms, climbing structures, and toys 
are provided for enrichment.

On physical examination, the macaque had a body condition score 
of 1 (maximum, 5) and was mildly dehydrated. Mucous membranes 
were pink, and the capillary refill time was less than 2 s. The animal 
was normothermic, with a temperature of 100.0 °F. Pregnancy was 
detected on abdominal palpation. A rectal swab was taken, but no 
enteric pathogens were isolated. Both stifles were swollen and warm 
to the touch, with the right affected more severely than the left and 
with the majority of swelling proximal to the patella. Both stifles 
exhibited reduced range of motion, the left stifle had mild instability, 
and there was bilateral hindlimb muscle atrophy.

Arthrocentesis was performed aseptically on the right stifle, 
which produced 3 mL of thick, viscous, opaque yellow exudate 
that was sent for analysis and bacterial culture. Hematologic 
evaluation revealed mild leukocytosis (15.62 × 103 U/L; reference 
interval, 6.6 to 15.5 × 103 U/L) with marked neutrophilia (13.04 × 
103 U/L; reference interval, 1.4 to 7.3 × 103 U/L), moderate anemia 
(Hgb, 8.0 g/dL [reference interval, 10.1 to 15.9 g/dL]; Hct, 26.7% 
[reference interval, 34.8 to 55.2%]), mild lymphopenia (1.47 × 103 
U/L; reference interval, 2.3 to 13 × 103 U/L), and thrombocytosis 
(867 × 103 U/L; reference interval, 193.1 to 676.2 × 103 U/L). Se-
rum biochemistry revealed mild hyponatremia (139 mEq/L; ref-
erence interval, 144 to 166 mEq/L), hypochloremia (105 mEq/L; 
reference interval, 106 to 117 mEq/L), hypoalbuminemia (2.2 g/
dL; reference interval, 3.0 to 5.9 g/dL), hyperglobulinemia (5.5 g/
dL; reference interval, 1.9 to 3.9 g/dL), and moderate hypoglycemia  
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sheep blood. The blood agar, MacConkey, and phenylethyl alcohol 
plates were incubated at 37° in 5% CO2 for 48 h; the thioglycollate 
broth culture was incubated under the same conditions for 5 d.

There was no growth on any of the original plates after 48 h; the 
thioglycollate broth culture showed evidence of growth at day 5. 
Gram staining revealed small, weakly gram-negative rods; the 
isolate was replated onto blood agar, MacConkey, and chocolate 
agar. After 24 h, the blood agar plate had a clear, tiny colony; Mac-
Conkey agar showed no growth, and chocolate agar had multiple 
clear, medium-sized colonies.

The following tests were performed on the colonies picked 
from the chocolate agar plate: Gram staining, which showed 
small gram-negative rods; oxidase, positive; urea, negative; Mo-
raxella catarrhalis Test Disk (Remel, Lenexa, KS), positive; API NH 
panel (for identification of Neisseria spp., Haemophilus spp., and 
M. catarrhalis; bioMérieux, Marcy I’Etoile, France) , inconclusive; 
RapID NH panel (for the detection of Neisseria spp. and Haemo-
philus spp.; Remel), inconclusive; and β-lactamase, negative. At 
this point, Moraxella sp. was strongly suspected, but available 
tests failed to confirm the diagnosis. The final report after cultur-
ing described the isolate as a gram-negative bacterium, possible 
Moraxella sp., so it was submitted to the Division of Bacteriology 
and Parasitology for molecular diagnostics.

Molecular diagnostics. Isolation and characterization. An isolate 
from synovial fluid was grown in thioglycollate media by the in-
house clinical pathology laboratory. Then bacteria was restreaked 
onto Mueller–Hinton plates and grown at 37 °C, 5% CO2 for 48 h 
for isolation of single colonies. Several colonies were gram-stained 
and photographed. In addition, the Moraxella catarrhalis disc test 
(Remel) for detection of butyrate esterase was performed and iso-
lates were grown in brain–heart infusion media for testing by using 
the API NH strip kit (bioMérieux) for biochemical identification.

DNA sequencing. Two isolated colonies were grown in 5 mL 
brain–heart infusion media for 48 h; 1.5 mL of each culture was 
pelleted (17,000 × g, 10 min) and the supernatant decanted. DNA 
was isolated by using the DNeasy kit (Qiagen, Hilden, Germany) 
for bacterial DNA isolation, including treatment with lysozyme. 
Genomic regions of these 2 different clones were PCR-amplified 
(Taq DNA Polymerase PCR Kit, Qiagen) by using degenerate 
primers (5′ AGA GTT TGA TCM TGG CTC AG 3′ and 5′ GWA 
TTA CCG CGG CKG CTG 3′,  where M is A or C and W is A or 
T) that target 16S rDNA sequences.10 PCR products were puri-
fied by using the Qiaquick PCR Purification Kit (Qiagen, Hilden, 
Germany) and then sequenced (Tulane University Sequencing 
Core) by using the same primers as for amplification. Sequences 
obtained from the clones were entered into nucleotide BLAST 
analyses at the National Center for Biotechnology Information 
website (http://blast.ncbi.nlm.nih.gov/).

Results. Morphology and biochemistry. Gram staining of the 
clinical isolate revealed gram-negative coccobacilli that were 
greater than 1.5 µm in diameter (Figure 1). The isolate was posi-
tive by the Moraxella catarrhalis disc test. The biochemical tests 
showed that the isolate utilized glucose, fructose, saccharose, and 
maltose. The isolate was positive for penicillinase, lipase, and 
GGT, providing a pattern inconsistent with M. catarrhalis but pos-
sibly consistent with other Moraxella spp.

DNA sequence. Sequencing of a region within the 16S rDNA 
is the primary genetic test for identification of a species.6 We se-
quenced the 16s rDNA region from 2 different clones of the iso-

(27 mg/dL; reference interval, 48 to 119 mg/dL). A stool sam-
ple was collected for parasitology and revealed Entamoeba coli, 
Iodamoeba sp., Strongyloides fulleborni, and Trichuris trichiura. An 
empirical course of enrofloxacin (5 mg/kg IM once daily; Bay-
tril, Bayer Healthcare, Shawnee Mission, KS) was initiated, and 
buprenorphine (0.009 mg/kg IM twice daily; Buprenex, Reckitt 
Benckiser Healthcare, Hull, England) was provided for pain man-
agement. Supplemental nutrition was administered via orogastric 
tube, and 250 mL Lactated Ringer solution (Hospira, Lake Forest, 
IL) was administered subcutaneously. In addition, supplemental 
fresh fruit and sports beverage (G Series, Gatorade, Chicago, IL) 
were provided once the macaque had recovered from anesthesia.

Medical history. At the age of 3.2 y, the macaque presented to 
the clinic for left leg lameness. At that time, left tarsal swelling 
was observed, and radiographs revealed luxation of the talocalca-
neal joint and fracture of the tarsal bone. The animal was treated 
with analgesics and NSAID for multimodal pain management, 
and a cast was applied to the leg for 6 wk, followed by cage rest 
for an additional 2 wk. A normal physical examination and heal-
ing of the tarsal injury was verified radiographically prior to re-
turn to the social group.

Approximately 2 mo later, the macaque presented for social 
wounding and dehydration. The left tarsus was swollen again. 
There was mildly limited range of motion bilaterally in the stifles. 
Radiographs of the left tarsus were inconclusive. Treatment in-
cluded fluids, antibiotics, and analgesics. The wounds healed 
without complications, but left tarsal swelling persisted.

Follow-up radiographs revealed osteomyelitis of the left distal 
tibia. Curettage was performed under anesthesia by using aseptic 
technique, and samples were submitted for culture and sensitivity. 
Enrofloxacin was discontinued, and long-term clindamycin therapy 
(22.5 mg/kg IM twice daily; APP Pharmaceuticals, Schaumburg, IL) 
was instituted. The macaque was found to be lactating and therefore 
was introduced as a foster dam to twin infants. After clinical improve-
ment and completion of therapy, the macaque was deemed healthy 
on physical examination and was returned to its social group.

After 1.5 mo, the macaque presented for hemorrhagic diarrhea 
and dehydration, at which time severe instability of the right stifle 
was noted. Treatment included fluids, antibiotics, analgesics, and 
supplemental nutrition. Right cranial cruciate ligament repair 
was performed by using the modified retinacular imbrication 
technique. The macaque healed without complications and was 
returned to the social group.

Six months after the cruciate ligament repair, the macaque 
presented to the clinic for social trauma and diarrhea, at which 
time bilateral tarsal swelling was present, with purulent exudate 
from a wound in the right tarsus. Treatment included antibiot-
ics, analgesics, fluid therapy, and iron dextran (Butler Animal 
Health, Dublin, OH) for microcytic, normochromic anemia. The 
macaque’s wounds and anemia were resolved at follow-up physi-
cal examination, and the macaque was allowed to rejoin the social 
group. Approximately 9 mo passed, during which the animal was 
routinely monitored in the social group and had no other medical 
problems until the current presentation.

Bacteriology. The fluid collected via arthrocentesis of the right 
stifle was submitted to the inhouse clinical pathology laboratory 
on a swab with Stuarts’s media (BBL Collection and Transportation 
System, Becton Dickenson, Franklin Lakes, NJ). The swab was in-
oculated onto trypticase soy agar with 5% sheep blood, MacConkey 
II agar, thioglycollate broth, and phenylethyl alcohol agar with 5% 
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Postmortem examination. The macaque was thin (weight, 3.9 kg) 
and had minimal body fat. The thymus was moderately atrophic, 
and the heart was round and firm. There was myocardial hyper-
trophy of the wall of the left ventricle, which was 4 times thicker 
than normal (Figure 5). The lumen of the left ventricle was sig-
nificantly narrowed to invisible. The spleen was mildly atrophic. 

late. The sequences from both of these clones showed complete 
homology with M. osloensis (Figure 2).

Follow-up. Spontaneous abortion occurred 13 d after presenta-
tion. At the macaques first recheck examination, warm joints and 
moderate swelling of the stifles were apparent bilaterally. Radio-
graphs revealed subchondral bone destruction on the articular 
surfaces (Figures 3 and 4). Antibiotic therapy subsequently was 
switched to an extended course of cephalexin (25 mg/kg orally 
twice daily; Alkem Laboratories, Mumbai, India), and carprofen 
(Rimadyl, Pfizer Animal Health, New York, NY) was added to 
the regimen for chronic pain management. Complete resolution 
of swelling eventually occurred, but the cruciate implant was 
removed under the suspicion that it might be serving as a nidus 
of chronic infection. Despite removal of the implant, the range of 
motion in the stifles continued to decrease, and the macaque be-
gan to exhibit weight loss and severe hindlimb lameness. Because 
of concern regarding the macaque’s quality of life in the breeding 
colony, euthanasia was elected.

Figure 1. Gram staining of the clinical isolate showed gram-negative 
cocci greater than 1.5 µm in diameter. Magnification, 1000×.

Figure 2. Sequences of the 16S rDNA region from a representative clone 
of the isolate shows complete homology to Moraxella osloensis.

Figure 3. Lateral radiographs of the left and right stifles.
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plasia of the gastric mucosa. The colon displayed mild, chronic 
inflammation.

Discussion
Cases of septic arthritis in nonhuman primates are rare and 

include a male orangutan (Pongo pygmaeus) who presented with 
umbilical swelling and necrotic plaques on the tongue and gin-
giva. Disease involvement progressed to swelling of the hip and 
elbow, at which time arthrocentesis revealed the causative or-
ganism to be Streptococcus aureus.11 In another case, Salmonella 
osteomyelitis in a rhesus macaque presumably resulted after pre-
sentation and treatment for severe watery diarrhea. Swelling of 
the stifle and fever were reported, and diagnosis was established 
from culture of the stifle’s purulent exudate.13 Polyarthritis sug-
gestive of Mycoplasma was reported in a rhesus macaque who 
had a history of Shigella-induced diarrhea. More than 1 y later, 
the macaque presented with multiple swollen joints; Gram stains 

The liver (weight, 0.34 kg) was pale yellow, firm, and enlarged to 
3 times normal size. There was a small amount of black digesta in 
the stomach. Diffusely the mucosa of the jejunum was moderately 
thickened. Fragmentally, the jejunum and ileum were extended 
by yellow, undigested food material. The colon was normal. The 
mesenteric and inguinal lymph nodes were enlarged to 3 times 
normal size.

Both stifles appeared enlarged, with the left being more severe-
ly affected than the right. A small amount of yellow, hemorrhagic 
fibrinous fluid was present in both joint cavities. There was ero-
sion of the cartilage in both stifles that was more pronounced on 
the left side, and the fluid extended dorsally into adjacent tendon 
and muscle (Figure 6, bottom). A 3-cm hematoma with edema 
was present in the tissue at the left lateral tarsus. Swab samples of 
both stifles were culture-negative.

Histopathology. Bilateral, suppurative, hemorrhagic arthri-
tis was present in both stifles (Figure 7). A hematoma on the 
left tarsus was accompanied by suppurative arthritis and pro-
liferative synovitis. There was severe diffuse hypertrophy of 
the myocardium and papillary muscles of the left ventricle 
(Figure 8). The left ventricular wall exhibited myocardial vas-
cular degeneration and necrosis. The liver had severe, diffuse 
amyloid deposits (Figure 9). There was mild kidney nephrosis. 
Multiple lymph nodes had mild lymphoid hyperplasia. There 
was moderate, chronic gastric inflammation and mild hyper-

Figure 4. Craniocaudal radiographs of the stifles.

Figure 5. Left ventricular hypertrophy and left ventricular stenosis.

Figure 6. Bilateral suppurative hemorrhagic arthritis. Top, right stifle; 
bottom, left stifle.

Figure 7. Histopathology. Left stifle, suppurative hemorrhagic arthritis. 
Hematoxylin and eosin stain; magnification, 20×.
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Moraxella is a genus of fastidious gram-negative bacteria com-
promising more than 14 species, few of which have been char-
acterized. Species of Moraxella include M. bovis, the causative 
agent of infectious keratoconjunctivitis in cattle and horses, and 
M. catarrhalis, which causes otitis media and sinusitis in humans. 
Species about which less is known include M. nonliquefaciens, M. 
lacunata, M. atlantae, and M. lincolnii.7

A species of Moraxella that causes epistaxis in nonhuman pri-
mates was identified recently at our facility.7 This organism ini-
tially was thought to be M. catarrhalis,4,21 because it was positive 
by the disc test. In addition, the biochemical tests for that iso-
late were consistent with several known human pathogens in 
the Moraxella genus. However, when portions of the 16S rDNA 
and other housekeeping genes were sequenced, they did not 
align with known pathogens in the database, and the isolate was 
deemed a novel species.7 In comparison, in our current analysis 
of the clinical isolate associated with arthritic inflammation in a 
rhesus macaque stifle, the results derived from the API strip and 
DNA sequencing were consistent. Moraxella subgenus Moraxel-
la species can have pleomorphic morphology,9 which explains 
the disparities in Gram staining characteristics after growth on 
chocolate agar compared with those from Mueller–Hinton agar. 
Therefore, according to the morphology of the organism and the 
biochemistry and DNA sequencing results, the isolate appears to 
be M. osloensis.

M. osloensis has rarely been implicated in disease in humans 
and has not previously been reported as the cause of arthritis in 
nonhuman primates. The organism typically presents in humans 
systemically,8 causing endopthalamitis,22 meningitis, osteomyeli-
tis, pneumonia, peritonitis, bacteremia, vaginitis, and arthritis8 as 
well as synovitis.19 In addition, M. osloensis was cultured from the 
central venous catheters of 10 human patients undergoing cancer 
treatment.9 Common clinical findings in all cases were high fever 
and leukocytosis.

A reported human case18 of septic arthritis due to M. osloensis 
illustrates the difficulty in correct diagnosis and treatment due to 
the organism’s fastidious growth characteristics. The patient pre-
sented with only a 5-d history of joint pain and swelling without 
injury. As in the nonhuman primate case we present here, there 
was pyrexia, joint warmth, effusion, and decreased range of mo-

and cultures were noninformative, but complement fixation titers 
were suggestive of a Mycoplasma infection.17 Although neither Shi-
gella spp. nor other enteric pathogens were cultured from rectal 
swabs taken from the current case, this possibility cannot be ruled 
out. Streptobacillus moniliformis was diagnosed in a titi monkey 
(Callicebus spp.) who presented for lethargy, low body weight, 
and stifle swelling; arthrocentesis revealed no organisms on Gram 
stain. Empirical treatment was unsuccessful, and the monkey 
developed a hemorrhagic diarrhea and later died. Complications, 
such as endocarditis and arthritis, were reported, and the route of 
infection for S. moniliformis was thought to be contamination of 
feed or water with rodent feces.20

Recently, there has been an increased interest in nonhuman 
primate arthritides,1 which appear to be naturally occurring and 
sporadic, resembling those encountered in humans.1 Medical val-
ue is gained by excluding or identifying etiologic or pathogenic 
factors of disease in nonhuman primate arthritis, raising aware-
ness of the diagnostic options and challenges, and developing 
animal models of disease.1

Figure 8. Histopathology. Severe diffuse hypertrophy of the myocar-
dium and papillary muscles of the left ventricle. Hematoxylin and eosin 
stain; magnification: subgross (upper panel), 50× (lower panel).

Figure 9. Histopathology. Severe, diffuse amyloid deposits in the liver. 
Hematoxylin and eosin stain; magnification, 100×.
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gastrointestinal tract and joints were present in our macaque and 
may have contributed to liver amyloidosis. However, the interac-
tion of both enterocolitis and arthritis with amyloidosis has not 
been fully defined.3 Amyloidosis, arthritis, or any of the other 
comorbid conditions noted on necropsy could have contributed 
to anemia of chronic disease, as seen in this case.

We cannot definitively rule out the possibility that the surgical 
implant procedure introduced the bacterial agent into the joint; 
several human cases reported the presence of foreign materials 
such as artificial shunts, aortic valves, and central venous cath-
eters.19 However, the macaque we report did not demonstrate 
signs of infection postoperatively or during the recovery period 
before being returned to the breeding colony.

To our knowledge, this report is the first description of M. osloensis 
septic arthritis in a rhesus macaque.
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