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Case Study

Mycobacterium kansasii Isolated from Tuberculin-
positive Rhesus Macaques (Macaca mulatta) in the
Absence of Disease

Steven T Shipley,! David K Johnson,>* Morteza Roodgar,*'° David Glenn Smith,® Charles A Montgomery,* Steven M Lloyd,*
James A Higgins,” Edwin H Kriel," Hilton J Klein,’ William P Porter,® Jerome B Nazareno,® Paul W Houghton,®
Aruna Panda," and Louis ] DeTolla'

Mycobacterial infections are of primary health concern in NHP colonies in biomedical research. NHP are constantly monitored
and screened for Mycobacterium spp. We report 6 Chinese-origin rhesus macaques infected with Mycobacterium kansasii that
exhibited positive tuberculin skin tests in the absence of disease. Two of these macaques were being used for research purposes;
the remaining 4 macaques were residing at the contract quarantine company. Histopathology and acid-fast staining of fixed tissues
from all macaques showed that all were free of disease. Thoracic radiographs were negative for any signs of disease or infection.
Samples from bronchial lavage and tissues including lung, spleen, hilar and mesenteric lymph nodes tested negative by PCR assay
for Mycobacterium spp. One of the research macaques tested culture-positive for M. kansasii and a poorly characterized M. avium
complex organism. One macaque from the contract quarantine facility tested culture positive for M. kansasii. Genomic testing
and target gene RNA expression analysis of the 2 M. kansasii isolates were performed to evaluate possible kinship and affected
genes that might contribute to susceptibility to mycobacterial infection. Genotyping of the 2 isolates revealed 2 genetically distinct
strains (strains 1 and 4). The presence of positive tuberculin skin tests in the absence of disease raises serious concerns regarding

diagnostic methods used for infected NHP.

Abbreviations: MOT, mammalian old tuberculin; TST, tuberculin skin test

Mycobacterial infections among NHP is of significant concern,
because they can result in high rates of morbidity and mortal-
ity. #1435 Mycobacterium kansasii infection is one of the most com-
mon causes of mycobacterial disease in people®* and produces
tuberculosis-like disease that is clinically indistinguishable from
that of M. tuberculosis in both humans and NHP.*? According to
microbiologic criteria, M. kansasii is classified as nontuberculosis
Moycobacterium on the basis of in vitro colony appearance, mor-
phology, rate of growth, and color.?

NHP colonies used in biomedical research are carefully
screened through intradermal tuberculin tests (TST) using mam-
malian old tuberculin (MOT). TST have been the mainstay of My-
cobacterium spp. screening and antemortem diagnosis in NHP
since the 1940s and are currently the only ILAR-CDC-approved
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method for mycobacterial testing of animals in primary import
quarantine.'®?** Here we report 6 TST-positive, infected rhesus
macaques that did not exhibit any signs of clinical disease. Bio-
logic specimens were collected from these 6 NHP, and Mycobacte-
rium kansasii was cultured from one research macaque and from
another at the contract quarantine company. To our knowledge,
this clinical report is the first description of TST-positive NHP
yielding Mycobacterium-positive cultures in the absence of dis-
ease. The infected macaques showed no evidence of disease ac-
cording to clinical assessment, radiography, gross pathology and
histopathology.

Mycobacterial diseases in NHP not only interfere with animal
health and research but pose zoonotic health risks to all who have
contact with the infected animals. Therefore, positive TST results
are taken seriously by veterinarians, researchers, NHP suppliers,
and primate colony managers.?’ In particular, this situation was
an important issue in terms of the health of their NHP colony and
the integrity of the affected primates for the upcoming research
study. Likewise, these cases posed a dilemma for the contract
quarantine company.

A cohort of 85 Chinese-origin rhesus macaques (Macaca mu-
latta) were imported into the United States by an AAALAC-
accredited contract quarantine facility. The animals yielded the
final results in a series of 3 negative TST while in quarantine in



China within 30 d of being exported. Measles live-attenuated
vaccine was administered to the macaques after their first TST
test during the 30 d of Chinese export quarantine. After importa-
tion to the United States, 3 more TST were administered 2 wk
apart, and the entire cohort of animals successfully cleared import
quarantine requirements as described in the Federal Quarantine
Regulations (42 CFR 71.53), and all animals were subsequently
released from quarantine for sale and distribution. Immediately
after this release, 24 of these animals were shipped to the US-
DA-registered, AAALAC-accredited facility at the University of
Maryland School of Medicine as part of a research study. The 24
macaques immediately entered the facility’s primate quarantine
program, which consisted of additional TST once every 2 wk for
6 consecutive negative tests prior to release to the investigator for
experimental use.

Three weeks after receipt and quarantine initiation at the re-
search institution, one animal (macaque UMSOML1) exhibited a
4+ response to MOT testing in the left eyelid; this was the 2nd
TST at the research institution and the 8th since the initiation of
quarantine in China. The animal was isolated immediately and
the TST repeated in the contralateral eyelid as well as in the ab-
dominal skin. Both of these tests yielded positive (4+) results.
After this finding, the contract quarantine company immediately
isolated the 55 remaining animals from this import cohort, and
the research institution that had purchased the remaining 6 ma-
caques from this group was notified. Aggressive repeat testing
of all remaining animals was initiated to obtain 5 additional con-
secutive (2 wk apart) TST from the macaques. Of the 55 macaques
tested, 4 at the contract quarantine company (HL1 through HIL4)
and a second macaque at the research facility (UMSOM2) tested
positive by TST.

Bronchial lavage samples from the 4 TST-positive animals at
the contract quarantine company were collected for PCR test-
ing, and digital radiographs of both lateral and anterior views
were obtained. All lavage samples were PCR-negative, and ra-
diographic results were negative for clinical evidence of disease.

Despite the development of multiple testing modalities, in-
cluding IFNY assays and antibody assays to several mycobac-
terial antigens, the TST remains the most common and widely
used assay for screening NHP for tuberculosis.***2*32 MOT is a
poorly defined preparation composed of various mycobacterial
antigens that are known to be highly crossreactive regarding the
sensitization of hosts by environmental mycobacteria. TST evalu-
ates the presence of a delayed hypersensitivity response to intra-
dermal injection of MOT in the superior eyelid of NHP, which
allows for monitoring for response to injection without the need
for sedation to the examine injection site.*** The injection site is
evaluated at 24, 48, and 72 h after injection for the development of
erythema, induration, swelling, and eyelid ptosis or necrosis. Tis-
sue response is graded on a scale of 0 to 5; grades 0 through 2 are
considered negative; grade 3 is equivocal; and grades 4 and 5 are
considered positive for infection.” Known causes of false-nega-
tive results include anergic animals and those with compromised
immune systems.”" Causes of false-positive results include previ-
ous administration of complete Freund adjuvant, traumatic MOT
injection, and vaccination with the Bacillus Calmette-Guerin vac-
Cine.8’21’37

Two important issues for both the research facility and the con-
tract quarantine company were the determination of other tuber-
culosis or mycobacterial disease carriers that might be present in
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this group of macaques and the safety of the other NHP housed
in any facility that received members of the imported group of
85 animals. A summary of the group of macaques and their TST
results is shown in Figure 1. To our knowledge, the cases we re-
port are the first naturally occurring cases of NHP with positive
TST latently infected with Mycobacterium spp. The presence of
positive TST in the absence of disease raises serious concerns re-
garding the diagnostic methods available to detect mycobacterial
infections in NHP. The reported cases underscore the need for
improved, reliable diagnostic assays.

Materials and Methods

Gross pathology, histopathology, and PCR and bacterial culture
assays. Macaques that tested positive on TST were euthanized,
and tissues were collected from each animal for histopathologic
analysis. Each animal was first sedated with ketamine (10 mg/
kg IM; KetaVed, Vedco, St Joseph, MO) and then euthanized by
pentobarbital overdose (100 mg/kg IV; Fatal-Plus, Vortech Phar-
maceuticals, Dearborn, MI). Organs were observed at necropsy
of each animal for gross pathology. Multiple tissues (lung, hilar
lymph node, axillary lymph node, mesenteric lymph node, liver,
spleen, kidney, heart, pancreas, thymus, parotid salivary gland,
duodenum jejunum, ileum and colon) were submitted for his-
topathology (for both hematoxylin and eosin as well as acid-fast
staining). Samples of spleen and hilar lymph nodes were submit-
ted for PCR analysis (Zoologix, Chatsworth, CA) and mycobacte-
rial culture (National Veterinary Services Laboratories, Ames, IA).

Genotypic analysis of Mycobacterium-positive isolates. Given
that 2 isolates for M. kansasii were obtained, they were further
characterized to determine whether they were genetically relat-
ed. Further characterization involved genotyping analysis of the
clinical isolates as well as RNA expression of genomic and target
genes was also investigated.

Mycobacterial genotyping methods. The genotyping analysis
(National Veterinary Service Lab) of the M. kansasii strains used
culture isolates from the clinical samples and followed published
protocols.'* Briefly, a 288-bp segment of the esat6 gene (a secre-
tory antigen) and a 303-bp segment of cfp10 (culture filtrate pro-
tein 10) were amplified from each strain and sequenced. These
genes are components of the so-called ‘region of difference” (RD1
region) of the Mycobacterium genome that is associated with bac-
terial virulence. After alignment of the nucleotide sequences and
their analysis by neighbor-joining tree algorithms, single nucleo-
tide polymorphisms in these sequences were used to differenti-
ate among strains or lineages of M. kansasii. In addition to the 2
clinical isolates of M. kansasii from the animals in this report, 2
other isolates from the reference lab’s collection were included in
the analysis: isolate TB 10-7992 was recovered from a July 2010
submission to the reference lab of a lymph node from a female
spider monkey housed in a zoo in Texas, whereas isolate TB 11—
01519 was recovered from the lymph nodes from the head of a
Holstein cow (age, older than 30 mo) that had been slaughtered
in Pennsylvania and received at the reference lab in November
2010. The analyses of the esat6 and c¢fp10 sequences included 6
reference strains present in GenBank (M. kansasii strains 1, 2, 3,
3B, 4, and 5) and M. tuberculosis strain H37Rv as an outgroup. The
GenBank accession numbers for these reference strains are pro-
vided in the phylogenetic trees illustrated in Figures 2 through 4.
The analysis of the esat6 and cfp10 sequences and of concatemers
of both sequences (that is, 288 bp + 303 bp = 591 bp) involved
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University of Maryland

Other research institution

Contract quarantine company

24 macaques obtained:
2 TST-positive
22 TST-negative and assigned to research
projects (no issues)

0 TST-positive

6 macaques obtained:

6 TST-negative and assigned to research
projects (no issues)

55 macaques obtained
4 TST-positive
51 TST-negative and sold (no issues)

Figure 1. Distribution of a group of 85 macaques obtained from China by a US commercial vendor.

g5 | isolate 11-1519 Holstein cow esat-6
10 |M. kansasii strain 2 (EU888293) esat-6

M. kansasii strain 1 (EU888292) esat-6

32 | isolate 11-3469B UMSOM#1 esat-6

isolate 10-7992 spider monkey esat-6

53 E M. kansasii strain 3 (EU888294) esat-6
93 M. kansasii strain 3B (EU888295) esat-6

isolate 11-3813 HL#3 esat-6

33—| M. kansasii strain 4 (EU888296) esat-6
M. kansasii strain 5 (EU888297) esat-6

0.01

M. tuberculosis H37Rv (FJ014499) esat-6

Figure 2. Neighbor-joining tree analysis of esat6 sequences. Briefly, isolates that cluster with one another in ‘branches’ of the tree are more similar to
each other than to isolates located elsewhere in the tree. The numerical values provided at the tree branching points in the figures indicate the per-
centage of the 1000 bootstrapping replicates that generated that particular branching pattern, with higher values implying greater confidence in that
branching pattern. The small scale located adjacent to the phylogenetic tree indicates evolutionary distance in base substitutions per site.

performing a ClustalW alignment" of the sequences followed
by construction of neighbor-joining trees with 1000 bootstrap-
ping replicates by using MEGA 5.0.%* This process resulted in the
generation of phylogenetic trees that depict the relatedness of the
various isolates.

Genomic analysis methods. DNA samples from all 6 TST-pos-
itive or -suspect animals (Figures 2 and 3) and from 6 additional
TST-negative animals from the same group were sent for genom-
ic testing (Molecular Anthropology Laboratory, University of
California, Davis, CA). This lab has developed an assay method
using 96 SNP selected from among 4000 SNP identified by pyro-
sequencing technology that identify the region of origin of rhesus
macaques with a high degree of reliability. We used these SNP
and the program STRUCTURE?® to estimate the proportion of
Indian-origin rhesus macaque and cynomolgus macaque ancestry
of these rhesus macaques that are alleged to be of full Chinese
rhesus macaque ancestry.

Genotyping was performed by using the SNaPshot assay
(SNaPshot Mutliplex System, Applied Biosystems, Foster City,
CA),” which is based on fluorescently labeled single-nucleotide
base extension. A multiplex reaction to identify 10 to 12 differ-
ent SNP is set up using dideoxyNTP and primers specific the se-
quence adjacent to each SNP that differ in length and that end at
the nucleotide just before the SNP being assayed. Each dideox-
yNTP was labeled with a different fluorescent dye that identifies
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the nucleotide added to the 3’ end of a primer; 5 or 6 different
multiplex reactions are sufficient to genotype all the SNP that
have been found to be most informative for genomic analysis.
The region of origin (or admixture) test combines SNP unique
to Indian and Chinese rhesus macaques with other SNP unique
to cynomolgus macaques in each of the following 5 geographic
regions: Indochina, Indonesia, Philippines, Mauritius, and Malay-
sia. All tests were run on a 16-capillary genetic analyzer (model
3130xl, Applied Biosystems, Foster City, CA).

RNA expression analysis. The goal of this gene expression
analysis was to identify peripheral blood lymphocyte expres-
sion profiles consistent with tuberculosis-positive animals. RNA
from peripheral blood lymphocytes was extracted (RNeasy Mini
Kit, Qiagen, Valencia, CA) and quantified prior to cDNA syn-
thesis according to the manufacturer’s protocol (High-Capacity
cDNA Reverse Transcription Kit, Applied Biosystems, Foster
City, CA). The primers and probes for IL17 (Hs00174383 m1), IL6
(Rh02621719_ul), IL12 (Hs00168405_m1), TLR4 (Hs00152939_
m1), TLR2 (Rh02787279_s1), and IL2 (Rh02789779_m1) were ob-
tained from Applied Biosystems. Primers for IFNy (forward, 5’
AAG CTG ACC AAT TAT TCG GTA ACT G 3’; reverse, 5* AGT
TCA GCC ATC ACT TGG ATG A 3’; probe, 5* TCA AAT GTC
CAA CGC AAA GCA GTA CAT GA 3'), TNFo (forward, 5* AGG
CAG TCA GAT CAT CTT CTC GAA 3’; reverse, 5* GGA GCT
GCC CCT CAG CTT 3’; probe, 5" AGC CTG TAG CCC ATG TTG
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isolate 10-7992 spider monkey cfp-10
M. kansasii strain 1 (FJ014492) cfp-10
isolate 11-3469 UMSOM #1 cfp-10

isolate 11-1519 Holstein cow cfp-10
?l M. kansasii strain 2 (FJ014493) cfp-10
——— M. kansasii strain 5 (FJ014497) cfp-10
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—— M. kansasii strain 3B (FJ014495) cfp-10
isolate 11-3813 HL#3 cfp-10
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20 |M. kansasii strain 4 (FJ014496) cfp-10

M. tuberculosis H37Rv (FJ014498) cfp-10

P
figur;! 3. Neighbo(i'.—?;ining tree analysis of cfp10 sequences. See the legend to Figure 2 for a brief explanation regarding interpreting the phylogenetic
M. kansasii strain 1 (FJ014492)
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78 1111-3469B UMSOM #1
M. kansasii strain 2 (FJ014493)
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Figure 4. Neighbor-joining tree analysis of concatenated esat6 and ¢fp10 sequences. See the legend to Figure 2 for a brief explanation regarding interpret-

ing the phylogenetic tree shown.

TAG CAA ACC CT 3'), and prGAPDH (forward, 5 GCA CCA
CCA ACT GCT TAG CAC C 3; reverse, 5 TCT TCT GGG TGG
CAG TGA TG 3’; probe, 5 TCG TGG GAA GGA CTC ATG ACC
ACA GTC C 3) were designed, optimized, and validated by the
Lucy Whittier Molecular Core Lab at the University of California
Davis and have been used in other studies.?!

Results
Gross and histopathology. Gross necropsy of all TST-positive
NHP revealed no pulmonary lesions. The spleen had a thickened
capsule, with a pitted serosal surface and prominent white nodu-
lar lesions throughout the parenchyma. All other gross findings
were within normal limits. Histopathologic analysis of the lung,
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hilar lymph node, axillary lymph node, mesenteric lymph node,
liver, spleen, kidney, heart, pancreas, thymus, parotid salivary
gland, duodenum jejunum, ileum, and colon revealed no abnor-
malities. No lesions consistent with mycobacterial organisms
were found in any of these tissue sections. All acid-fast staining
results were negative.

PCR and culture analyses of spleen and lymph nodes. PCR anal-
ysis of spleen and hilar lymph node samples as well as bronchial
lavage samples collected from all TST-positive macaques were
negative for mycobacteria according to both a generalized nested
PCR assay, which detects a wide range of mycobacterial species
(Zoologix assay P0007), and an ultrasensitive assay that detects
only M. tuberculosis and M. bovis (Zoologix assay B0067). Cul-
ture of tissues at the National Veterinary Service Labs recovered
2 isolates from the hilar lymph nodes of macaques UMSOM1 and
HL3: M. kansasii and an organism that could only be differenti-
ated to the M. avium complex on the basis of 165 rRNA and rpoB
nucleotide sequence data.

Genotyping results. The analysis of esat6 sequences is provided
in Figure 2. The UMSOM isolate clustered with the spider mon-
key isolate from the zoo in Texas and M. kansasii reference strain
1 (all these isolates have exactly the same esat6 sequence). The
HL3 isolate clustered with M. kansasii reference strain 4. The iso-
late from the Holstein cow clustered with M. kansasii reference
strain 2.

The analysis of the ¢fp10 sequences is provided in Figure 3. Re-
sults were similar to those observed with the esat6 sequences;
namely, the UMSOM isolate clustered with the spider monkey
isolate and M. kansasii strain 1 (all these isolates have exactly the
same cfp-10 sequence). The HL3 isolate clustered with M. kansasii
strain 4, and the Holstein cow isolate clustered with M. kansasii
strain 2.

A phylogenetic tree constructed from an alignment of con-
catemers (a long continuous DNA molecule that contains mul-
tiple copies of the same DNA sequences linked in series) of both
the esat6 and cfp10 sequences is provided in Figure 4; this tree
also placed the UMSOM isolate with strain 1 and the HL3 iso-
late with strain 4. Thus, results from all 3 phylogenetic analyses
were equivalent, indicating that the genetic relationships among
the isolates can be interpreted with confidence. Taken togeth-
er, the results of the sequence analyses indicate that the strains
of M. kansasii infecting UMSOMI1 and HL3 are different from
each other. If both animals originated in the same source colony,
it appears that multiple strains of M. kansasii are circulating in
these animals.

Genomic analysis results. This analysis revealed that all animals
tested were pure Chinese-origin rhesus macaques (no geographic
or rhesus—cynomolgus admixture). Thus, variability in TST re-
sults between known culture-positive compared with culture-
negative macaques and M. kansasii strain differences are unlikely
to be attributed to genomic variability due to either geographic
origin or rhesus—cynomolgus admixture.

Target gene RNA expression analysis. The expression levels of
several host innate immune-response genes in peripheral blood
lymphocytes from all 6 TST-positive animals indicated that 3 of
the candidate genes (IL2, IL17, and TLR2) were downregulated in
M. kansasii-positive macaques compared with negative controls.
These genes have been reported to be altered in human tuberculo-
sis patients.'” Downregulation of these genes might correlate with
either previous measles vaccination or M. kansasii infection. This
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observation can be evaluated by using a larger sample size. The
fold changes in the expression levels of these candidate genes in
the 2 M. kansasii-positive macaques compared with 4 M. kansasii-
negative animals are summarized in Figure 5.

Discussion

Mycobacterial infection in NHP is usually a rapidly spread-
ing disease, leading to high morbidity and mortality. Here we
report tuberculin-positive test results in Chinese rhesus ma-
caques latently infected with M. kansasii. Mycobacteriosis is
usually acquired through human, animal, or environmental
contact.®* Infection can produce a variety of clinical signs, in-
cluding cough, dyspnea, weight loss, diarrhea, and lymphade-
nopathy, or infection may be asymptomatic. Gross lesions of the
disease include caseous nodules in hilar lymph nodes and lung,
coalescing lesions within the lung, and tubercles extending into
the thoracic pleura. In advanced disease demonstrates second-
ary spread of tubercles to other organs including the spleen and
various lymph nodes, resulting in multifocal miliary disease.
Acid-fast bacilli can be identified within lesions by using an
acid-fast stain.*

Mycobacteriosis due to M. kansasii infection has been reported
in Indian rhesus macaques.'®*' M. kansasii is a recognized patho-
gen in NHP and human populations.* The organism has been
detected in wild animals and in water, which may be the natural
reservoir. The presence of M. kansasii has been reported infre-
quently in asymptomatic wild or domestic animals such as birds,
wild deer, pigs, dogs, and squirrel monkeys (Saimiri sciureus
sciureus).>® Infection with M. kansasii accompanied by inflamed
lymph nodes or pneumonic lesions has been described in rhesus
monkeys, squirrel monkeys, cattle, llamas, goats, camels, and
both domestic and feral pigs. In addition, M. kansasii has been
isolated occasionally from unpasteurized cow milk.?

A clinical case of M. kansasii affected an Indian rhesus macaque,
which demonstrated a positive TST, cavitation of the left and
right apical pulmonary nodes, and enlarged bronchial lymph
node. Histopathology identified granulomatous abscesses with
caseous centers and cavitation of both apical lobes. The lesions of
interest contained macrophages, lymphocytes, Langerhans giant
cells, and acid-fast bacilli. M. kansasii was cultured. Gross and
histologic lesions were characteristic of tuberculosis.’® A colony
outbreak of M. kansasii infection in a breeding colony of Indian
rhesus macaques led to 74 TST-positive cases; cultures from 60
of the animals yielded M. kansasii. In addition, gross lesions and
histopathology were characteristic of tuberculosis in all animals.
This colony outbreak underscores the seriousness of M. kansasii
as a mycobacterial pathogen in NHP.*! In squirrel monkeys, M.
kansasii infected 4 of 5 tuberculin-positive animals, and mycobac-
terial DNA PCR-amplified from bronchial lymph nodes ruled out
M. tuberculosis, M. avium, and M. intracellularae. In these cases, M.
kansasii was confirmed by culture from bronchial lymph nodes
causing multiple granulomas in the mesenteric lymph nodes,
lungs, liver, kidneys and spleen.> M. kansasii and M. avium, along
with recently discovered atypical mycobacteria, are associated
with clinical tubercular disease in humans.*

The clinical cases we report represent the first description of
TST-positive rhesus macaques infected with a Mycobacterium
species in the absence of disease signs. Experimental studies of
low-dose M. tuberculosis in cynomolgus monkeys led to latent
infections in some animals.”
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Figure 5. Fold change in expression levels of candidate genes in 2 M.
kansasii-positive macaques compared with 4 M. kansasii-negative animals.

Latent clinical infection with M. kansasii without disease has been
reported previously, in a rhesus monkey that was positive to Quan-
tiIFERON-TB Gold+ (Quest Diagnostics, Madison, NH) testing yet
negative on TST.?* There were no gross pathologic or histopatho-
logic lesions in the macaque, and M. kansasii was cultured from a
tracheobronchial lymph node. In contrast to the comparative medi-
cine perspective, TST positivity in the absence of disease occurs in
approximately 30% of the world’s human population.* In these ma-
caques, the lack of gross and histopathologic lesions despite TST pos-
itivity and positive culture results of M. kansasii from lymph nodes
supports the presence of latent infection in the absence of overt my-
cobacteriosis. The negative PCR results from the macaques might be
explained by low numbers of organisms, their sporadic location in
tissues relative to sampling sites, or mutations in the organism.

The essential role of MHC class II complex and antigen-pre-
senting cells (for example, macrophages) through which myco-
bacterial antigens are presented to CD4* T cells might be related
to the variation in response to TST among the rhesus macaques
in our report. We measured the relative expression of several host
innate immune-response genes in the peripheral blood lympho-
cytes of all 6 TST-positive animals. Previous studies indicate the
important predictive role of these host candidate genes in myco-
bacterial infection.!® Although we observed downregulation of
IL2, IL17, and TLR2 gene expression in the 2 M. kansasii-positive
macaques compared with the 4 M. kansasii-negative animals
tested, we were unable to make a statistically significant conclu-
sion regarding the association between M. kansasii infection and
changes in the expression levels of these host candidate genes be-
cause of the small sample size. The statistical significance of these
findings can be evaluated in a larger sample of animals naturally
infected with M. kansasii. The TST is based on the type IV de-
layed hypersensitivity reaction,'** which might be related to the
variation in the response to TST among rhesus macaques. Addi-
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tional studies to clarify the variation in MHC class Il and response
to TST in rhesus macaques are warranted.

Of prime importance was the delay of time in detecting the
cases until 6 wk after release from USA-CDC importation quaran-
tine. Intensive review of the macaques” medical records revealed
that the monkeys were vaccinated for measles after their first of
3 tuberculin tests prior to exportation from China. This vaccina-
tion may have interfered with the delayed hypersensitivity reac-
tion, leading to the lack of positive TST results during the balance
of the export quarantine period in China as well as during the
United States importation quarantine. Measles vaccine is recog-
nized to immunosuppress animals sufficiently to lead to interfer-
ence with the tuberculin test.**>*%7% This immunosuppression is
similar to the situation with measles virus, where infectious virus
is shed for as long as 14 d, with virion RNA shed for at least 50
d.* Measles virus RNA is released by persistently infected cells in
the form of exosomes or virions that are not detected as infectious
units. Immune factors involved include neutralizing antibodies
for humoral responses, T-cell responses related to IFNy-secreting
cells in PBMC, and the immunosuppressive influence of regula-
tory T cells* and signaling lymphocyte activation molecule.”

This prolonged release of measles virus RNA may account for
persistent low-level immunosuppression.?* Clinical cases of
measles in children yielded viral RNA at multiple sites more than
3 mo after acute disease, indicating that the clearance of cells in-
fected with measles virus can require many months.”” Immune in-
terference due to measles virus most likely continued during the
30-d importation period in the United States, when 3 additional
tuberculin tests were conducted. Had measles vaccine not been
administered during the Chinese export quarantine, macaques
with positive TST might have been detected either prior to China
exportation or during the United States importation quarantine.

The contract quarantine company that had imported these ma-
caques conducted an in-depth review of the Chinese primate sup-
plier and discovered that swine were bred and raised on the same
site. Swine are recognized as a reservoir of M. kansasii and might
have been the source of infection. Although no epizoologic investi-
gations of the swine herd or primate colony at this Chinese suppli-
er were performed, no further purchases have been made from this
source. There is growing evidence of animal-to-human infectivity
of tuberculosis, with swine being an important zoonotic species.”

The presence of only 6 cases in the shipment of 85 macaques
strongly suggests a lack of primate-to-primate infectivity. These
cumulative features led to the decision to release the remaining
primates from the contract quarantine company’s extended quar-
antine. All of these animals as well as the rest of the macaques
from the same cohort remained healthy, with negative TST tests
and absence of disease. They were assigned successfully to stud-
ies with no interference in research. These cases of tuberculin-
positive NHP with absence of disease underscore the need for
improved and specific diagnostic testing.
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