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Case Report

Natural Infection of Burkholderia pseudomallei in an
Imported Pigtail Macaque (Macaca nemestrina) and
Management of the Exposed Colony

Crystal H Johnson,""* Brianna L Skinner,' Sharon M Dietz,®> David Blaney,® Robyn M Engel,*> George W Lathrop,’
Alex R Hoffmaster,® Jay E Gee,® Mindy G Elrod,® Nathaniel Powell,’ and Henry Walke?

Identification of the select agent Burkholderia pseudomallei in macaques imported into the United States is rare. A purpose-bred,
4.5-y-old pigtail macaque (Macaca nemestrina) imported from Southeast Asia was received from a commercial vendor at our facil-
ity in March 2012. After the initial acclimation period of 5 to 7 d, physical examination of the macaque revealed a subcutaneous
abscess that surrounded the right stifle joint. The wound was treated and resolved over 3 mo. In August 2012, 2 mo after the stifle
joint wound resolved, the macaque exhibited neurologic clinical signs. Postmortem microbiologic analysis revealed that the ma-
caque was infected with B. pseudomallei. This case report describes the clinical evaluation of a B. pseudomallei-infected macaque,
management and care of the potentially exposed colony of animals, and protocols established for the animal care staff that worked
with the infected macaque and potentially exposed colony. This article also provides relevant information on addressing matters
related to regulatory issues and risk management of potentially exposed animals and animal care staff.

Abbreviations: CDC, Centers for Disease Control and Prevention; IHA, indirect hemagglutination assay; PEP, postexposure prophylactic.

Burkholderia pseudomallei, formerly known as Pseudomonas pseu-
domallei, is a gram-negative, aerobic, bipolar, motile, rod-shaped
bacterium. B. pseudomallei infections (melioidosis) can be severe
and even fatal in both humans and animals. This environmental
saprophyte is endemic to Southeast Asia and northern Australia,
but it has also been found in other tropical and subtropical areas
of the world.”?*%#2 The bacterium is usually found in soil and
water in endemic areas and is transmitted to humans and animals
primarily through percutaneous inoculation, ingestion, or inhala-
tion of a contaminated source.®?>?*# Human-to-human, animal-
to-animal, and animal-to-human spread are rare.®*? In December
2012, the National Select Agent Registry designated B. pseudomal-
lei as a Tier 1 overlap select agent.” Organisms classified as Tier 1
agents present the highest risk of deliberate misuse, with the most
significant potential for mass casualties or devastating effects to
the economy, critical infrastructure, or public confidence. Select
agents with this status have the potential to pose a severe threat
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to human and animal health or safety or the ability to be used as
a biologic weapon.”

Melioidosis in humans can be challenging to diagnose and treat
because the organism can remain latent for years and is resistant
to many antibiotics.'>*”#! B. pseudomallei can survive in phago-
cytic cells, a phenomenon that may be associated with latent in-
fections.””* The incubation period in naturally infected animals
ranges from 1 d to many years, but symptoms typically appear 2
to 4 wk after exposure.”*"7*% Disease generally presents in 1 of 2
forms: localized infection or septicemia.”? Multiple methods are
used to diagnose melioidosis, including immunofluorescence, se-
rology, and PCR analysis, but isolation of the bacteria from blood,
urine, sputum, throat swabs, abscesses, skin, or tissue lesions re-
mains the ‘gold standard.”**#*#> The prognosis varies based on
presentation, time to diagnosis, initiation of appropriate antimi-
crobial treatment, and underlying comorbidities.”?*** Currently,
there is no licensed vaccine to prevent melioidosis.

There are several published reports of naturally occurring
melioidosis in a variety of nonhuman primates (NHP; Table 1).
210131725303135 The first reported case of melioidosis in monkeys
was recorded in 1932, and the first published case in a macaque
species was in 1966.° In the United States, there have only been 7
documented cases of NHP with B. pseudomallei infection.'>” All
of these cases occurred prior to the classification of B. pseudomal-
lei as a select agent. Clinical signs in NHP range from subclinical
or subacute illness to acute septicemia, localized infection, and
chronic infection. NHP with melioidosis can be asymptomatic or
exhibit clinical signs such as anorexia, wasting, purulent drainage,



Table 1. Summary of reported cases of naturally occurring Burkholderia pseudomallei infections in nonhuman primates

B. pseudomallei infection and pigtail macaques

Date
Country? Imported from reported Species Reference
Australia Borneo 1963 Pongo sp. 36
Brunei Unknown 1982 Orangutan (Pongo pygmaeus) 33
France 1976 Hamlyn monkey (Cercopithecus hamlyni) 11
Patas monkey (Erythrocebus patas)
Great Britain Philippines and Indonesia 1992 Cynomolgus monkey (Macaca fascicularis) 10
38
Malaysia Unknown 1966 Macaca spp. 30
Unknown 1968 Spider monkey (Brachytelis arachnoides) 20
Lar gibbon (Hylobates lar)
Unknown 1969 Pig-tailed macaque (Macaca nemestrina) 35
Unknown 1984 Banded leaf monkey (Presbytis melalophos) 25
Singapore Unknown 1995 Gorillas, gibbon, mandrill, chimpanzee 43
Thailand Unknown 2012 Monkey 19
United States Thailand 1970 Stump-tailed macaque (Macaca arctoides) 17
India Pig-tailed macaque (Macaca nemestrina)
Africa Rhesus macaque (Macaca mulatta)
Chimpanzee (Pan troglodytes)

Unknown 1971 Chimpanzee (Pan troglodytes) 3
Malaysia 1981 Pig-tailed macaque (Macaca nemestrina) 2
Wild-caught, unknown 1986 Rhesus macaque (Macaca mulatta) 13

Indonesia 2013 Pig-tailed macaque (Macaca nemestrina) Current article

*Country reflects the location where the animal was housed at the time of diagosis.

subcutaneous abscesses, and other soft tissue lesions. Lymphad-
enitis, lameness, osteomyelitis, paralysis and other CNS signs
have also been reported.”'9%%3 In comparison, human’s clinical
signs range from abscesses, skin ulceration, fever, headache, joint
pain, and muscle tenderness to abdominal pain, anorexia, respira-
tory distress, seizures, and septicemia.”?**

Here we describe a case of melioidosis diagnosed in a pigtail
macaque (Macaca nemestrina) imported into the United States
from Indonesia and the implications of the detection of a select
agent identified in a laboratory research colony. We also discuss
the management and care of the exposed colony, zoonotic con-
cerns regarding the animal care staff that worked with the ship-
ment of macaques, effects on research studies, and the procedures
involved in reporting a select agent incident.

Case Report

Background. The affected pigtail macaque (Macaca nemestrina)
was singly housed in accordance with the Guide for the Care and
Use of Laboratory Animals'® in an AAALAC-accredited facility at
the Centers for Disease Control and Prevention (CDC; Atlanta,
GA). Relative humidity and temperature in the animal room were
maintained at 30% to 70% and 64 to 84 °F (18 to 29 °C), respec-
tively, under a 12:12-h light:dark cycle. Water was provided ad
libitum through an automatic water delivery system. The diet

consisted of a mixture of high-protein chow (Lab Diet High-Pro-
tein Monkey Diet 5045, PMI Nutrition International, Saint Louis,
MO) and high-fiber chow (Fiber-Plus Monkey Diet 5049, PMI
Nutrition International), fruits, and treats (Bio-serv, Frenchtown,
NJ). The macaque was assigned to a research protocol but had not
been accessed for research. All animal procedures and protocols
were approved by the IACUC at CDC and in accordance with the
Guide for the Care and Use of Laboratory Animals.'®

Case presentation. In March 2012, the 4.1-kg, 4.5-y-old purpose
bred female pigtail macaque (Macaca nemestrina) was received at
the CDC after completing quarantine at a CDC-registered import
facility. The animal was imported into the United States from In-
donesia in January 2012. The pigtail macaque was singly housed
at CDC in an indoor facility. After the initial acclimation period
of 5 to 7 d, the macaque underwent physical examination, which
revealed a subcutaneous abscess overlying the right tibial crest
with associated right inguinal lymphadenomegaly. The stifle le-
sion was approximately 3.0 cm by 5.0 cm. The area surrounding
the stifle lesion was soft, swollen, and warm, with purulent fluid
draining from a small ulcerated area. Radiographs revealed mini-
mal soft tissue swelling, extending from the stifle joint to the mid-
diaphyseal region of the tibia. No bone or joint involvement was
noted. However, the stifle joint exhibited a decrease of approxi-
mately 50% in range of motion. A bacterial swab of the lesion,
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whole blood, and serum were submitted for culture, hematology,
and serum chemistry analyses. The hematology and serum chem-
istry were within normal limits and revealed no significant find-
ings. On culture, growth of coagulase-negative Staphylococcus and
a gram-negative bacillus was noted. The gram-negative bacillus
could not be furthered identified with the standard biochemical
assays used by the diagnostic laboratory. Based on the results
of the culture and antimicrobial susceptibility testing, treatment
with amoxicillin trihydrate-clavulanate potassium (10 mg/kg)
and meloxicam (0.1 mg/kg) was initiated, and the wound was
flushed by using a 10% povidone—iodine solution.

The initial abscess gradually resolved over a course of 3 mo,
with intermittent clinical episodes of inflammation. During this
time, the macaque was continued on treatment with enrofloxa-
cin (56 mg/kg IM), meloxicam (0.1 mg/kg PO), and amoxicillin
trihydrate—clavulanate potassium (10 mg/ kg PO) until clinical
signs were no longer present. The wound was flushed as needed
by using 10% povidone—iodine solution. Due to a sudden return
of swelling after 2 mo of antibiotic therapy, an aspirate of the joint
lesion was obtained. The aspirated fluid consisted of erythrocytes
and was characterized by a veterinary pathologist as consistent
with a hematoma. No pathogenic organisms were seen. The le-
sion was lanced, drained, and flushed with povidone-iodine so-
lution, and the swelling resolved; no further diagnostic samples
were obtained. Another unspecified lesion developed surround-
ing the left stifle but was attributed to trauma and not thought to
be a pathologic lesion.

In August 2012 (that is, 2 mo after completing treatment for
the wounds surrounding the stifle joints), the macaque presented
with new-onset clinical manifestations, including left head tilt,
full-body tremors, and vertical nystagmus. Animal care staff re-
ported the macaque as moving around the cage erratically with
bruxism and vocalization. On physical examination, a lack of pu-
pillary light reflex was noted, along with complete stiffness and
muscle rigidity of the entire body. In light of the macaque’s clini-
cal presentation, differential diagnoses included tetanus, Strepto-
coccus pneumonia meningitis, otitis interna, and Guillain—Barré
syndrome. Complete stiffness and muscle rigidity with neuro-
logic signs placed tetanus and meningitis as the top differential
diagnoses.

The stifle was radiographed, and diagnostic testing, including
hematology, serum chemistry, and urinalysis, was performed.
Blood culture analysis was not performed. There were no sig-
nificant findings seen on the hematology report or radiographs.
Collection of CSF at the cisterna magna was attempted but was
unsuccessful due to the dense composition of the CSF fluid. Hy-
perglycemia, glycosuria, and ketonuria were noted on the serum
chemistry and urinalysis results. Over the course of 2 d, despite
medical treatment, the macaque progressed to inability to ambu-
late, vertical nystagmus with anisocoria, and hypothermia. The
animal underwent cardiac and respiratory arrest while receiving
supportive care including sodium chloride fluids (50 mL/kg),
buprenorphine (0.1 mg/kg), regular insulin (0.25 U/kg), penicil-
lin (20,000 U/kg), and dexamethasone (1 mg/kg) and therefore
was submitted to the Infectious Disease Pathology Branch at CDC
for necropsy.

Results
Pathology. The necropsy was conducted on a down-draft table,
with all participants wearing either an N95 respirator or a pow-
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ered air-purifying respirator and additional appropriate personal
protective equipment. At necropsy, the macaque was thin, with
a body condition score of 2.5 on a 5.0-point scale. There was scar
tissue on the skin of the right stifle, but all underlying tissues,
including the joint space, were grossly normal. Pertinent gross
findings included a focus of suppurative pneumonia, multiple
small areas of necrosis and abscessation with hemorrhage in the
brainstem (Figure 1 A), and diffuse suppurative meningitis. These
findings were confirmed by histopathology (Figure 1 B). Gram-
negative bacilli were identified within lesions in the brainstem,
spinal meninges, lung, and liver. These bacilli stained positively
for B. pseudomallei during immunohistochemistry (Figure 1 C). A
confirmatory diagnosis of B. pseudomallei was obtained via bac-
terial culture and PCR analysis. PCR testing in liver and lung
tissues was positive for B. pseudomallei also. More details on the
pathology of this case can be found as previously described.*!

B. pseudomallei identification and characterization. Preliminary
and confirmatory identification. Culture of B. pseudomallei from
any specimen in a suspected case of melioidosis remains the gold
standard for diagnosis. Swabs taken at necropsy from the brain-
stem abscess and spinal meningeal exudates were submitted to
the Georgia Laboratory Animal Diagnostic Service (Athens, GA)
for culture. After a gram-negative rod was isolated on MacCon-
key agar, testing included the Gen III system (Biolog, Haward,
CA) and 165 rRNA sequencing, which indicated B. pseudomallei.*
The isolate then was submitted to the Bacterial Special Pathogens
Branch at CDC, where confirmation of B. pseudomallei followed
the guidelines for identification prescribed by the Laboratory
Response Network, including biochemical testing and PCR
analysis.

Multilocus sequence typing. The isolate was genotyped by us-
ing multilocus sequence typing as previously described;*" this
assay uses segments of sequences of 7 housekeeping genes to
assess levels of relatedness. Each gene sequence is assigned a des-
ignation or allele. The more alleles that match of the 7, the more
related the strains are considered to be. The isolate was found to
be sequence type 46 (ST 46). ST 46 has been reported in B. pseudo-
mallei strains from Indonesia, Bangladesh, Malaysia, Thailand,
Vietnam, and Cambodia. The isolate from Indonesia was recov-
ered from a long-tailed macaque (Macaca fascicularis synonym
M. cynomolgus) imported into Great Britain.”>* The other isolates
were obtained from human clinical cases or from environmental
samples.

Antimicrobial susceptibility. Because B. pseudomallei can be re-
sistant to multiple antimicrobials, including first-, second-, and
third-generation cephalosporins, aminoglycosides, penicillins,
and polymixin, the isolate was submitted for antimicrobial sus-
ceptibility testing using the broth microdilution method. Suscepti-
bility testing included carbapenems (meropenem and imipenem),
ceftazidime, amoxicillin—clavulanic acid, doxycycline, tetracy-
cline, and trimethoprim-sulfamethoxazole. The isolate was sus-
ceptible to all antimicrobials except for tetracycline, for which it
was intermediate in susceptibility.

Melioidosis serology. The indirect hemagglutination assay
(IHA) is the most widely used and accepted serologic assay for
detecting antibodies to B. pseudomallei, the cause of melioidosis.>*
The IHA detects the agglutination of serum antibodies incubated
alongside sheep RBC to polysaccharide and lipopolysaccharide
antigens derived from strains of B. pseudomallei. The IHA is an in-
house assay and is not available commercially, so the strains used
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Figure 1. Pathology of Burkholderia pseudomallei in the brain of a pigtail
macaque (Macaca nemestrina). (A) Areas of necrosis with hemorrhage
(arrows) throughout the brainstem. (B) Microabscess (*) with hemor-
rhage (arrow) in the brainstem. Hematoxylin-eosin, 100 x . (C) Bacilli
show positive immunoreactivity by immunohistochemistry using an
antiBurkholderia pseudomallei antibody, Fast Red chromogen, and Mayer
modified hematoxylin counterstaining; magnification, 400x. Reprinted
and adapted from reference 31 with permission.

B. pseudomallei infection and pigtail macaques

for antigen preparation can vary by source and lot number. At the
CDC, we use B. pseudomallei strains from the 2 major geographic
regions endemic for melioidosis, southeast Asia and northern
Australia. Although the IHA is only validated for use with human
specimens, testing with animal sera has been reported previous-
ly.® Cut-off titers for determining positivity vary; CDC uses 1:40
for human cases, but for animals, specifically NHP, cutoff titers
of 1:160 or 1:320 have been used previously.””? For this case, we
used a cutoff of 1:320 for NHP.

Immunohistochemistry was performed as previously de-
scribed.! A total of 3 serum samples from the pigtail macaque
were available for testing. These included a baseline serum sam-
ple, taken when the macaque arrived at CDC on 15 March 2012;
a sample taken 10 May 2012; and a sample taken 20 August 2012
just prior to death. Inmunohistochemistry was performed, and
titers of 1:1280, 1:2560, and 1:1280, respectively, showed antibod-
ies reactive with B. pseudomallei.

Colony management. Animals were considered potentially
exposed if they were a part of the same shipment of animals
originating in Indonesia or housed in the same room with the
pigtail macaque infected with B. pseudomallei. All macaques from
this shipment were returned to quarantine status. Fortunately,
the NHP that arrived with this shipment were not introduced
or cohoused with other animals already housed at our facility.
We restricted the handling and care of the potentially exposed
colony of pigtail macaques to designated personnel, established
a foot pattern for entrance into the animal-housing area, and
placed appropriate signage in the suite to alert personnel to the
restrictions. Biosafety in Microbiologic and Biomedical Laboratories
recommends that work with clinical specimens obtained from an
animal suspected of having melioidosis be performed by using
BSL2 procedures and containment practices and that a respira-
tor should be worn when handling known Burkholderia-infected
animals.* Because the National Institute of Occupational Health
and Safety recommends the use of particulate respirators to re-
duce exposures to animal allergens and prevent animal-induced
asthma and allergies,” it is standard practice for all CDC animal
care staff to wear N95 respirators as a part of their personal pro-
tective equipment for ABSL?2 facilities. Given the potential for
animal care staff to have exposure to B. pseudomallei via aerosol-
ized water droplets, the requirements regarding personal pro-
tective equipment for designated personnel assigned to the care
of this potentially exposed group of animals were elevated to
wearing powered air-purifying respirators during animal room
wash-down and cage-change—out procedures. The disinfectant
(Environ Vesphene II, Steris, Mentor, OH) typically used through-
out our facility was continued. No added measures for sanitizing
were taken before removal of equipment from the potentially
exposed animal rooms.

Although none of the other 40 pigtail macaques that arrived
with this shipment displayed clinical signs similar to those of the
infected animal and although the efficacy of postexposure pro-
phylaxis after 48 h is not documented, the decision was made to
provide the macaques postexposure prophylaxis.? Doxycycline
(50 mg/mL, 2.5 mg/kg daily) and trimethoprim—sulfamethoxa-
zole (280 mg/5 mL, 25 mg/kg twice daily) were administered
for 3 wk. Macaques also were given vanilla-flavored yogurt
supplemented with 250 mg Saccharomyces boulardii lyo (Florastor,
Biocodex USA, San Bruno, CA) daily in a disposable cup to pro-
vide probiotics for the intestinal microbiota. Blood samples were
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collected from the 40 pigtail macaques that arrived in the same
shipment as the animal infected with B. pseudomallei to measure
antibody titers for B. pseudomallei by IHA. Samples included base-
line sera and specimens obtained 4 and 6 wk after the discovery
of the sick animal. Five pigtail macaques demonstrated titers at or
above the 1:320 cutoff (Table 2). All titers were stable, and follow-
up testing 6 mo later showed no rise in antibody titer in any of
the colony.

Management protocol for animal care staff. Animal care person-
nel were assembled for an informational staff meeting to discuss
possible exposure risks associated with handling infected and po-
tentially infected animals. B. pseudomallei subject-matter experts
from CDC’s Bacterial Special Pathogens Branch, occupational
health and safety personnel (a physician and microbiologist), vet-
erinary staff, and senior management officials were present to ad-
dress questions and concerns. A list was compiled of all personnel
(technicians, veterinarians, husbandry staff, laboratorians, and
pathology staff) that may have had contact with the Burkholderia-
infected animal or the animals potentially exposed to the infected
animal.

Criteria for potential exposure were developed to perform a
risk assessment. Subsequently, a medical risk assessment ques-
tionnaire (Figure 2) was devised and disseminated to animal care
staff and laboratory personnel with potential occupational ex-
posure. The risk assessment included queries about underlying
conditions likely to increase the risk of melioidosis, including
diabetes and chronic liver and kidney diseases. The staff were
instructed to complete the medical risk assessment questionnaire
and report to the CDC Occupational Health and Safety Clinic for
medical and environmental risk evaluation. In addition, animal
care staff received additional training, with topics including ap-
propriate cleaning and husbandry procedures to minimize poten-
tial exposure, clinical signs of melioidosis in humans and animals,
and the appropriate use of powered air-purifying respirators for
staff that were assigned to the room. Those staff identified during
the risk assessment who had potential exposure to the infected
macaque were given thermometers and daily fever logs to record
their temperatures and were advised to provide serial blood sam-
ples for serologic testing. Samples submitted included baseline
sera (taken at employment), serum taken at discovery of infected
animal in August, and samples taken after 2 wk. All samples were
negative and showed no rise in titers between baseline, acute, and
convalescent sera.

Reporting and notification procedures. The APHIS-CDC Select
Agent Regulations (Title 42 Code of Federal Regulations Part 73,
Title 9 Code of Federal Regulations Part 121, and Title 7 Code of
Federal Regulations Part 121) were devised and implemented to
establish requirements for possession, use, and transfer of select
agents and toxins. There is a possibility for NHP to harbor or ac-
quire naturally occurring pathogens that are classified as select
agents according to the National Select Agent Registry Program.
APHIS-CDC Select Agent Regulations and guidance documents
state the appropriate timeframe for reporting by telephone, fax,
or email the theft, loss, and release of a select agent based on the
pathogen or toxin.* Because B. pseudomallei is classified as a Tier 1
select agent, diagnostic identification requires immediate notifica-
tion to the Division of Select Agents and Toxins. However, during
the time that this organism was identified, B. pseudomallei had not
yet been classified as a Tier 1 select agent.
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Table 2. B. pseudomallei IHA titers in pigtail macaques lacking clinical
signs

Animal Date of sample IHA titer
PT1 3/15/2012 1:5120
9/20/2012 1:5120
10/16/2012 1:2560
3/11/2013 1:5120
PT2 3/15/2012 1:320
9/20/2012 1:320
10/16/2012 1:320
3/11/2013 1:320
PT3 3/15/2012 1:320
9/20/2012 1:320
10/16/2012 1:320
3/11/2013 1:320
PT4 3/15/2012 1:10240
9/20/2012 1:10240
10/16/2012 1:10240
3/11/2013 1:10240
PT5 3/15/2012 1:40
9/20/2012 1:640
10/16/2012 1:320
3/11/2013 1:40

Antibody titers to B. pseudomallei were evaluated from blood samples
collected from potentially exposed macaques on arrival to the CDC
facility and at 4 wk, 6 wk, and 6 mo after diagnosis of B. pseudomallei in
the index macaque. The titers of the animals listed in the table were all
positive according to a cut-off value of > 1:320. None of these macaques
exhibited clinical signs of infection.

We contacted the CDC Responsible Official immediately after
obtaining all information required by the regulation. According
to APHIS-CDC Select Agent Regulations,® the melioidosis case
had to be reported as an identification of a select agent and the
release of a select agent because of the following: (1) B. pseudomal-
lei was newly identified in an animal and its clinical samples; (2)
the incident was considered a possible occupational exposure to
a select agent; and (3) the incident required postexposure medical
surveillance. The forms for identification of a select agent (CDC-
APHIS Form 4A) and for its theft, loss, or release (CDC-APHIS
Form 3) were completed in accordance with the immediate regu-
latory reporting requirements of the Division of Select Agents and
Toxins. CDC was notified within 24 h after receiving the report of
identification of a select agent from the B. pseudomallei-infected
animal. In addition, the disposition of the infected carcass and
clinical specimens containing B. pseudomallei was reported to the
Division of Select Agents and Toxins.

Because the isolate was obtained from a NHP imported into
the United States, the Division of Global Migration and Quar-
antine at CDC was contacted. Information reported to Division
of Global Migration and Quarantine included the commercial
animal vendor, number of recently imported animals in the po-
tentially exposed shipment, compiled medical history and diag-



Risk Assessment for Animal Workers

1. What is your occupation (job title)?

2. Did you work with Animal ID#.

Husbandry? Yes. No ___Maybe/Unsure*
Treatment of sick animal? Yes. No ___Maybe/Unsure
Necropsy? ___Yes__ No ____Maybe/Unsure
Clinical Pathology? __ Yes No ___Maybe/Unsure

Other (specify)

3. From March 5, 2012 -- August 24, 2012, did you work in any of the following rooms in the

vivarium?
Room 1 __Yes___No ___Maybe/Unsure
Room 2 ___Yes__ _No ___Maybe/Unsure
Room 3 ___Yes__ No ____Maybe/Unsure
Room 4 __Yes ___No ___Maybe/Unsure
Room 5 ___Yes___No ____Maybe/Unsure

If “No” to Questions 2& 3, you should have essentially no risk of acquiring a Burkholderia infection on

the job and do not need to answer the rest of the questions.

4. While working in above-listed rooms during this time period or with Animal ID#
were you always wearing PPE (Personal Protective Equipment)?

Tyvek suit ___Yes___No ___Maybe/Unsure
Face Shield __ Yes No ____Maybe/Unsure
NO5 respirator (or equivalent) Yes. No ___Maybe/Unsure
Double gloves Yes. No ____Maybe/Unsure
Hair Bonnet __Yes___No ___Maybe/Unsure
5. While working in above-listed rooms during this time period or with Animal
ID# , did you have any disruptions in your PPE such as
Tear in tyvek suit ___Yes No ____Maybe/Unsure
Face shield fell off Yes. No ____Maybe/Unsure
Respirator dislodged ___Yes___No ____Maybe/Unsure
Bite through suit ___Yes___No ___Maybe/Unsure
Scratch through suit ___Yes___No ____Maybe/Unsure
“Splash exposure” to eye/mouth __ Yes No ____Maybe/Unsure
Needle stick __Yes No ____Maybe/Unsure
Other __Yes___No ____Maybe/Unsure

If “Yes,” please describe

6. While working in above-listed rooms during this time period, did any of the procedures
performed possibly generate aerosols (tiny droplets of water such as could occur from using

water under high pressure to clean excrement, uncapped/broken centrifuge tubes, vortexing, or

striker saw)?
Yes. No Maybe/Unsure

If “Yes,” describe:

7. Do you have any of the following chronic conditions that can increase your risk of disease from

Burkholderia exposure?

Diabetes __ Yes No ____Maybe/Unsure
Chronic liver or kidney disease __Yes No ___Maybe/Unsure
Alcohol abuse __ Yes No ____Maybe/Unsure
Hematologic malignancy

(blood cancers such as leukemia) __Yes___No ____Maybe/Unsure
Neutropenia or neutrophil dysfunction

(low white blood cell count) __Yes No ____Maybe/Unsure
Chronic lung disease (asthma,

bronchitis, emphysema,

cystic fibrosis) ___Yes___No ___Maybe/Unsure
Thalassemia ___Yes___No ____Maybe/Unsure
Long-term steroid use __Yes No ___Maybe/Unsure
Other form of immunosuppression __Yes___No ___Maybe/Unsure

8. Have you ever traveled or been deployed during military service to areas where Burkholderia
pseudomallei occurs naturally, such as Southeast Asia (eg, Thailand, Vietnam), northern

Australia, South America, the Caribbean?

Yes. No
Risk Assessment High-Risk Low-Risk No Risk
Animal Exposure? Yes to Q2 or Q3 Yes to Q2 or Q3 No to Q2 and Q3

Risk? AllNo to Q4
All Yes to Q5

All Yes to Q4 and
All No to Q5 and
Yes to Q6 or Q7

N/A

Recommendation PEP + Serology +

Symptom watch

Serology + Symptom
watch

None

* All Maybe/Unsure answers should be considered “Yes.”

The above are general r ions and may be modified based on consultation with

your health provider. Persons not classified as having high-risk or low-risk exposure may still request

serology and/or post-exposure prophylaxis.
Figure 2. This questionnaire was given by occupational health and safety
to all employees that had contact with the infected melioidosis animal
or potentially exposed animals housed at CDC. According to the answers
provided by each employee, the potential risk of exposure and level of
risk were determined, and postexposure monitoring was recommended.

B. pseudomallei infection and pigtail macaques

nostics on the infected macaque, the laboratories that performed
diagnostics on samples obtained from the B. pseudomallei-infected
macaque, and the commercial courier that transported the ani-
mals. The CDC Bacterial Special Pathogens Branch and Office of
Safety, Health, and Environment were consulted for their exper-
tise in conducting occupational health and medical surveillance,
epidemiologic investigations, and environmental health assess-
ments. As a professional courtesy, we contacted the commercial
vendor from whom we received the recently imported colony
with the melioidosis-infected animal and told the vendor of our
reporting actions.

Discussion

The pigtail macaque that is described in this case report was
imported from Indonesia and died as a result of B. pseudomallei
infection. Our report is unique in that it not only describes clinical
manifestations and diagnosis of naturally occurring melioidosis
in an Indonesian pigtail macaque imported into the United States,
but it also presents the current regulatory requirements, manage-
ment considerations, and practices that were implemented for
both animals and animal care personnel potentially exposed to
B. pseudomallei.

There are few reports of NHP infected with B. pseudomallei from
Indonesia, and, to our knowledge, none of the NHP previously
described were pigtail macaques (Macaca nemestrina). Naturally
occurring melioidosis has rarely been encountered and reported
in a laboratory animal facility with NHP, so it is not readily con-
sidered as a differential diagnosis. However, the low number of
reported cases of melioidosis in NHP from southeast Asia in a
laboratory setting may be a result of institutions not recognizing,
diagnosing, or reporting the disease.

Clinical signs of melioidosis vary considerably in humans and
animals. We speculate that the clinical signs that manifested in the
B. pseudomallei-infected pigtail macaque in this case report were
due to chronic melioidosis, likely attained by percutaneous inocu-
lation in the country of origin, given the initial stifle lesion. The
disease later became systemic, affecting the CNS, respiratory sys-
tem, and abdominal organs and resulting in the macaque’s death.
Postmortem evaluation of our B. pseudomallei-infected macaque
revealed respiratory infection similar to cases reported in humans
and NHP.*'73%32 The CNS infection with manifestation of promi-
nent neurologic signs is an unusual occurrence, with cranial nerve
palsy associated with brainstem encephalitis in humans.5!822642
Three previous reports have acknowledged neurologic melioi-
dosis in NHP that exhibited clinical signs of paralysis.'*'*'” We
recommend that melioidosis be considered as a differential diag-
nosis in NHP that come from Burkholderia pseudomallei-endemic
areas and that exhibit similar clinical signs as described in this
and previous case reports 2317253032353

We used IHA as a screening test for melioidosis to measure
antibody response after exposure to B. pseudomallei. Serologic ex-
amination can provide presumptive evidence of infection with
B. pseudomallei, but it is not considered to be confirmatory for the
diagnosis of melioidosis. NHP in B. pseudomallei-endemic areas
can exhibit high titers without evidence of clinical disease or la-
tent infection antemortem or postmortem.>”* Some authors have
defined titers of 1:80 to 1:160 in NHP as suspect for infection with
B. pseudomallei, with titers of greater than or equal to 1:320 be-
ing highly suggestive of active infection.”” Other animal surveys
have used a cutoff of 1:40 to estimate prevalence of infection.?** A
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2012 report of melioidosis in animals from Thailand used an IHA
positive cutoff value of greater than or equal to 1:320 as provid-
ing evidence of melioidosis as the cause of death, but the authors
excluded animals from the study that lacked culture confirmation
in light of the high titers that can be seen in apparently healthy
animals in melioidosis-endemic areas.?3*

Although we discussed culling all potentially exposed animals
or those with high titers because of the risk of latent infection
and zoonotic transmission, a unanimous decision was made
not to cull any of the animals based on the following factors: (1)
there was negligible risk of zoonotic and epizootic transmission
of melioidosis in the laboratory setting; (2) the macaques were
separately housed away from other NHP previously housed in
our indoor vivarium; (3) no other potentially exposed animals
displayed clinical signs of active infection; and (4) there was no
rise in IHA titers in the series of sera samples tested. To prospec-
tively follow these macaques, we developed a clinical assessment
protocol for observation of these NHP for active signs of infection.
Steps in the clinical assessment state that when a macaque in the
potentially exposed colony shows a significant (that is, at least
4-fold) rise in antibody titer compared with baseline serum sam-
ples or active signs of infection (or both), it will be culled from this
colony and screened for melioidosis. Moreover, the potentially
exposed colony will remain separate from the general colony, and
serologic tests for melioidosis will be performed on this cohort of
animals at the time of routine semiannual and annual physical
examinations. We plan to follow this protocol until the animals
are no longer housed in our vivarium or are deceased. Initially,
there was concern that the colony of pigtail macaques might not
be useful for a specific research protocol as originally planned.
CDC subject-matter experts and principal investigators reviewed
information and concluded that latent B. pseudomallei infection, if
present, likely will not affect or confound proposed research in
these macaques.>* Therefore, the potential exposure to B. pseudo-
mallei was not considered a confounding factor for the potentially
exposed animals, and on release from postexposure prophylaxis
quarantine, they were assigned for use in research studies but
remained separate from the general colony. However, as another
alternative, we suggested that the macaques with high positive
titers be used for terminal pharmacokinetic studies.

In view of reports that B. pseudomallei exhibits innate resistance
to multiple antimicrobials, a select-agent-registered laboratory
at CDC performed susceptibility testing on the postmortem iso-
late that was obtained prior to administration of postexposure
prophylaxis in the rest of the potentially exposed colony. The an-
tibiotic combination (doxycycline and trimethoprim-sulfame-
thoxazole) chosen for postexposure prophylaxis was based on the
susceptibility results, recommendations by CDC subject-matter
experts, and published reports.** However, the most current lit-
erature recommendation is that trimethoprim-sulfamethoxazole
can be used alone rather than in conjunction with doxycycline.*
The duration of postexposure prophylaxis should be at least 14 d,
but a 21-d course of therapy has been recommended also.”

There are several management issues that veterinarians should
consider regarding B. pseudomallei-infected NHP or potentially in-
fected colonies. At our facility, these issues included occupational
health and safety, colony management, biosafety and security,
regulatory and reporting procedures, and scientific integrity of
the research. Work with clinical specimens from animals suspect-
ed of having melioidosis can be performed with ABSL2 practices,
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containment, equipment, and facilities. However, ABSL3 practices
are recommended for the culture or manipulation of B. pseudormal-
lei, or when infectious aerosols or droplets will be produced or
generated.* Veterinarians, animal care staff, and laboratorians
should follow specific precautions to avoid exposure, including
the use of gloves and protective clothing when working with in-
fected animals or collecting diagnostic samples.

In conclusion, we encourage laboratory facilities to increase
their awareness of the clinical signs and diagnostic recommenda-
tions for melioidosis in NHP and other laboratory animals so that
precautionary measures can be implemented when indicated to
avoid potential exposures. These precautions can include staff
training in appropriate husbandry procedures for a potentially
exposed colony of animals; appropriate use of personal protective
equipment; storage of baseline serum samples from animal care
staff and NHP; enhanced containment procedures, treatment and
diagnostic procedures; and safe handling of diagnostic samples.
Because infections of melioidosis are confined to specific world
regions, we consider that screening for B. pseudomallei need not
be added to routine screening of domestic-bred and raised NHP
but should be considered as a differential diagnosis when appli-
cable. Specifically, we recommend that any NHP imported into
the United States from an endemic area that exhibits clinical signs
of melioidosis (for example, abscesses, osteomyelitis, neurologic
clinical signs) should be tested via IHA for B. pseudomallei, with
confirmation by culture and PCR analysis. Furthermore, we urge
laboratory animal facilities to become more aware of melioido-
sis so that, when present, the disease can be reported in a timely
manner to local, state, and national agencies for the purpose of
providing additional information for global NHP distribution
and surveillance databases. In addition, reporting may enhance
the development of suitable animal models, screening assays,
and appropriate treatment regimens and the establishment of
endpoints for future biomedical research.
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