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INTRODUCTION

Tuberculosis is the most important bacterial disease in nonhuman
primates because of its prevalence, its abil ity to spread rapidly, its high 
fatality rate, and its zoonotic potential. The only USDA-approved 
diagnostic method for tuberculosis in monkeys, the tuberculin eyelid 
test, has considerable shortcomings. Therefore, improved diagnostics 
are urgently needed.

We characterized the humoral immune responses in monkeys 
experimentally infected with Mycobacterium tuberculosis to develop a 
rapid serodiagnostic test for tuberculosis in nonhuman primates. The 
results demonstrated animal-to-animal variation of antigen recognition 
patterns, and that a combination of several carefully selected antigens is 
required for detection of IgG antibodies in all infected monkeys.

MATERIALS and METHODS

Antigens and Sera. Fourteen recombinant antigens of M. 
tuberculosis and 3 polyepitope fusion proteins were used. Serum 
samples were sequentially collected from 14 rhesus monkeys 
inoculated intratracheally with various doses of M. tuberculosis during 
4 months after infection.

MAPIA. The key steps of Multi-Antigen Print ImmunoAssay are 
outlined in Figure 1. Antigens were immobilized on nitrocellulose 
membrane as narrow bands by using a semi-automatic air-brush 
printing device (Linomat IV, Camag). Strips were made from the 
membrane and used for antibody detection in monkey serum samples
by Western blot-like chromogenic immunodevelopment.

Lateral-flow immunoassay. Strips of membrane impregnated with 
selected antigens were laminated with sample pad, conjugate pad and 
sink pad and placed into plastic cassettes (Figure 2). The test employed 
antigen-latex conjugate and needed only 30 �l of serum sample to 
provide results within 20 minutes.

CONCLUSIONS

• A combination of ESAT-6, MPB83, and TBF10 was suff icient for 
detection of IgG antibodies in all infected monkeys by MAPIA.

• The lateral-flow test results generally correlated well with the 
MAPIA data. In this study, the rapid test showed a diagnostic 
sensitivity of 86% and a specificity of 100%.

• The proposed multiantigen lateral-flow immunoassay should 
provide a rapid and accurate diagnostic tool for the improved 
control of tuberculosis in nonhuman primates. 

RESULT S

1. In MAPIA, all 14 infected monkeys produced IgG antibodies of 
variable levels and starting at various time-points post-infection 
(Figure 3). Antigen recognition patterns varied significantly from 
animal to animal (Table 1).

2. Three proteins, ESAT-6, MPB83, and TBF10, were most often 
recognized by post-infection serum samples (Table 1, 2, and 3).

3. Twelve out of 14 infected monkeys tested positive by lateral-flow test 
at various time-points starting as early as 4 weeks post-infection. No 
false positive reactions were observed in the pre-infection samples of 
the same animals (Table 4).

Figure 1. MAPIA

Figure 2. Rapid lateral-flow test
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Figure 3. Antibody responses in rhesus monkeys 
exper imentally infected with M. tuberculosis

Table 1. Antigen recognition patterns 
in M. tuberculosis infection

Table 2. Antigens predominantly recognized 
in exper imental M. tuberculosis infection

Table 3. Antigens recognition by serum IgG 
in monkey TB

Table 4. Serodiagnostic performance 
of the lateral-flow test and MAPIA

100100MAPIA

10086Lateral-flow 

Specificity 

(%)

Sensitivity

(%)

Serological test


