
Acta Scientiae Veterinariae, 2020. 48: 1767.

	 RESEARCH ARTICLE
    Pub. 1767

ISSN 1679-9216

1

DOI: 10.22456/1679-9216.105931
Received: 25 August 2020                                                                Accepted: 31 October 2020                                                       Published: 14 November 2020

1Laboratório de Doenças Infecto Contagiosas & 2Laboratório de Patologia Animal, Faculdade de Medicina Veterinária, Universidade Federal de  
Uberlândia (UFU), Uberlândia, MG, Brazil. 3Departamento de Medicina Veterinária Preventiva, Escola de Veterinária, Universidade Federal de Minas 
Gerais (UFMG), Belo Horizonte, MG, Brazil. 4Departmento de Medicina Veterinária, Universidade Federal Rural de Pernambuco (UFRPE), Recife, 
PE, Brazil. CORRESPONDENCE: M.A. Souza [mari_assuncao@yahoo.com.br]. Laboratório de Doenças Infecto Contagiosas, Faculdade de Medicina 
Veterinária - UFU. CEP 38402-020 Uberlândia, MG, Brazil.

Intercurrence of Paratuberculosis in Intradermal Tuberculin Test Reactive Cattle
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ABSTRACT

Background: Bovine tuberculosis control programs are based on a standard diagnostic method, the intradermal test with 
purified protein derivatives, which is used to identify and eliminate diseased animals. Currently none of the tests avail-
able allow complete differentiation between infected and uninfected animals. The main limitations of the tests available 
are related to diagnostic sensitivity and specificity, which results in false positive reactions due to the existence of cross 
infections, and also false negative, inherent to the state of energy of some animals. The aim of this work was to study the 
intercurrence of paratuberculosis in tuberculosis reactive cattle by the comparative cervical test. 
Materials, Methods & Results: Three hundred and thirty four cattle were evaluated using the comparative cervical test 
(CCT) and serology for tuberculosis (TB) and paratuberculosis (PTB) ELISA IDEXX®. All of the animals testing positive 
by CCT were euthanized and necropsied. Fragments of lymph node, lung and intestine were collected and analyzed using 
histopathological techniques, with staining by Hematoxylin-Eosin (HE). Samples of lung and lymph nodes (retropharyngeal, 
submandibular, cervical and mediastinal) of the animals testing positive by CCT were evaluated using qPRC for M. bovis, 
and intestinal and mesenteric lymph nodes using PCR for PTB. Of the 334 cattle evaluated using the comparative cervical 
test, 16 were considered positive. No lesions suggestive of tuberculosis were found in the macroscopic inspection of the 
carcasses. The most evident anatomical and pathological finding was a thickening of intestinal mucosa, found in 12 of the 
16 cattle submitted to necropsy. No microscopic lesions suggestive of TB were identified nor was the presence of M. bovis 
detected by qPCR. The main histopathological findings were observed in the small intestine and mesenteric lymph nodes 
and identified as enteritis, lymphangitis, lymphangiectasia and granulomatous lymphadenitis. In the intestine the changes are 
characterized by dilated and inflamed lymphatic vessels and intense inflammatory infiltrate on the mucosa and submucosa. 
Of the 334 serum samples evaluated, the M. bovis ELISA Antibody Test (IDEXX®) identified 17 positive animals. All the 
cattle considered positive by M. bovis ELISA were considered negative by CCT. In the samples from nine animals (9/16), 
DNA from M. avium subsp. paratuberculosis (MAP) was identified and in twelve carcasses (12/16) lesions characteristic 
of PTB were found, which were subsequently confirmed by histopathological techniques. In another nine animals of the 
herd anti-MAP antibodies were detected. None of those that tested positive by PTB ELISA were reactive by CCT. 
Discussion: Animals considered positive by TB ELISA that were not positive in the intradermal test does not mischaracter-
ize the clinical picture of the disease. Considering the inverse relationship between cell-mediated and humoral responses to 
M. bovis, the intradermal test and the serological tests are designed to measure different immunological responses, which 
develop during different stages of infection. The progress of the cellular immunological response to humoral immunity 
occurs in the most advanced stages of tuberculosis. Of the 16 cattle considered positive by CCT, 12 animals presented 
macroscopic and histological lesions suggestive of PTB and DNA from MAP was detected in nine. Although it is the 
official test for the control of TB in different countries, the intradermal test with PPD has presented limitations, primar-
ily related to specificity. M. avium subsp. Paratuberculosis is considered the main cause of false positive reactions in the 
intradermal test. The PPD bacterial extract is a complex mixture of proteins, lipids, sugars and nucleic acids, and many of 
these components are also shared by numerous species of mycobacteria (tuberculous or not).
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INTRODUCTION

Bovine tuberculosis (TB) is a disease of 
economic and zoonotic importance, caused by bacte-
rial agents of Mycobacterium tuberculosis complex, 
primarily M. bovis [11]. In addition, the genus Myco-
bacterium encompasses the Mycobacterium avium-in-
tracellulare complex, formed by nontuberculous strains 
including M. avium subsp. paratuberculosis (MAP) 
which causes granulomatous enteritis, characterized 
by chronic diarrhea and loss of production [5,27].

The quality of the diagnostic tests used to detect 
animals infected with M. bovis has always been a chal-
lenge for the control of TB. The intradermal TB test 
is the most commonly used method in the world for 
detecting cattle with tuberculosis [22]. One of the main 
limitations of the in vivo and in vitro diagnosis of tuber-
culosis has been cross-reactivity, with responses induced 
by other nonspecific reactions with mycobacteria, most 
importantly MAP, considered the main cause of false 
positive reactions in the intradermal test [1]. 

To ensure control and reduce the prevalence of 
TB, diagnostic tests that are more sensitive and specific 
are needed to improve control strategies and make strides 
toward eradication. In addition, more studies are needed 
that draw a correlation between pathological changes 
and the results of the diagnostic tests in animals co-
infected with M. bovis and MAP under field conditions. 
Consequently, the aim of this work was to study the 
intercurrence of paratuberculosis in cattle reactive by 
the comparative cervical test for tuberculosis.

MATERIALS AND METHODS

The study was conducted in a dairy farm lo-
cated in the municipality of Uberlândia, in the state 
of Minas Gerais. Holstein cattle of both sexes, aged 
between six months and 20 years, were evaluated.

A total of 334 cattle were examined using 
comparative cervical test (CCT), in line with recom-
mendations by the National Program for the Control 
and Eradication of Brucellosis and Tuberculosis 
(PNCEBT) [6].

All the cattle that tested positive by comparative 
cervical test (CCT)1 were euthanized and necropsied; 
carcasses and viscera were evaluated macroscopically, 
and the lesions recorded and photographed. During the 
inspection of the carcasses, lesions suggestive of para-
tuberculosis were observed, prompting a differential 
diagnosis of the disease. Fragments of approximately 

1.5 cm of lung, intestine, retropharyngeal, subman-
dibular, cervical, mediastinal and mesenteric lymph 
nodes were collected and stored in sterilized plastic 
vials, containing 10% formaldehyde. The material 
was identified and sent to the Laboratory for Animal 
Pathology at UFU. The samples were dehydrated, 
diaphonized and paraffinized. Histological slides were 
submitted to Hematoxylin-Eosin staining2. 

Samples of lung, retropharyngeal, subman-
dibular, cervical and mediastinal lymph node of the 
animals testing positive by CCT were frozen and sent 
to the National Livestock Laboratory (LANAGRO) of 
the Ministry of Agriculture, Livestock and Food Sup-
ply (MAPA), in Pedro Leopoldo, MG. DNA extraction 
was performed using DNeasy Blood & Tissue kit3 

following manufacturer’s instructions, without modi-
fication. Samples of the extracted DNA were submit-
ted to quantitative PCR (qPCR) in the thermal cycler 
QuantStudio 7 Flex™ Real-Time PCR System4 (Life 
Technologies, USA). The amplification reaction was 
performed according to Moura et al. [19].

For all the 334 cattle evaluated using CCT, 5 mL 
of blood was collected by coccygeal venipuncture. The 
material was transported under refrigeration (2°C to 8°C) 
to the Laboratory of Infectious and Contagious Diseases 
(LADOC) of the School of Veterinary Medicine (FAMEV) 
at UFU. For the serological diagnosis of TB, the IDEXX®5 
Mycobacterium bovis ELISA Antibody Test was used. 
The test was performed in the LADOC - FAMEV - UFU, 
following instructions by the manufacturer. 

For the serological diagnosis of paratuberculosis, 
the ELISA Mycobacterium avium subsp. paratuberculosis  
Antibody Test IDEXX®5 was used on all 334 samples. 
The test was performed at LANAGRO in Pedro Leopoldo, 
MG, following instructions by the manufacturer.

Samples from the intestine, ileocecal valve and 
mesenteric lymph nodes of the animals testing positive 
by CCT, were collected in sterilized vials and stored 
in an ultrafreezer at -80°C. The material was shipped 
under refrigeration to the Laboratory of Bacterioses of 
the Department of Preventive Veterinary Medicine at the 
Federal Rural University of Pernambuco. For the extrac-
tion of DNA was used the kit Wizard® SV Genomic 
DNA Purification System6. The extracted DNA was 
amplified to a final volume of 15 μL containing: 5 μL of 
genomic DNA; 0.5 μL of the primers specific for IS900 
at 20 pMol (DF: 5’-GACGACTCGACCGCTAATTG-3’ 
and DR-1: 5’- CCGTAACCGTCATTGTCCAG-3’); 
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2.75 μL of Mili-Q ultrapure water and 6.25 μL of Mas-
terMix3 according to the protocol from the supplier. 
The thermal profile of the reactions was obtained using 
a New XP Thermal Cycler1 with an initial denaturation 
at 96°C for 5 min, followed by 35 cycles at 95°C for 1 
min each, annealing at 58°C for 1 min and extension at 
72°C for 3 min, and a final cycle of 72°C for 10 min. 
The product amplified by 99 pb, corresponding to the 
DNA of MAP, was detected by agarose gel electropho-
resis at 2%, stained with blue-green1 and viewed using 
ultraviolet light and photo documented [22]. 

RESULTS

Of the 334 cattle evaluated using the comparative 
cervical test, 16 were considered positive. The oscillation 
of the reactions in the reactive animals ranged from 0.5 
to 4 mm (ΔA); 4.3 to 8.8 mm (ΔB) and 4 to 5.2 mm (ΔB 
- ΔA). In all, 16 cattle positive by CCT were euthanized.

No lesions suggestive of tuberculosis were 
found in the macroscopic inspection of the carcasses. 
The most evident anatomical and pathological finding 
was a thickening of intestinal mucosa, found in 12 of 
the 16 cattle submitted to necropsy. The surface was 
irregular, reddish and cerebroid in appearance, with 
pronounced transverse folds (Figure 1). The cecum 
also presented a thickening of the mucosa and had 
polypoid-like nodules. The mesenteric and ileocecal 
lymph nodes presented increased volume, with a darker 
appearance in the medullary region. Whitened nodules 
in the cortical region of the lymph nodes were found in 
3 animals, which presented an accumulation of milky 
liquid in the medullary sinus (Figure 2). In 5 of the 
carcasses, the spleen was voluminous and pulposus. 
Prominent lymphoid follicles were observed upon 
cutting; and no macroscopic alterations were observed 
in the other organs.

The main histopathological findings were 
observed in the small intestine and mesenteric lymph 
nodes and identified as enteritis, lymphangitis, lym-
phangiectasia and granulomatous lymphadenitis. In the 
intestine the changes are characterized by dilated and 
inflamed lymphatic vessels and intense inflammatory 
infiltrate on the mucosa and submucosa slide itself 
(Figure 3), composed of lymphocytes, epithelioid mac-
rophages, plasmocytes and eosinophils; hyperplasia of 
calciform glands; and muscular hypertrophy. In the 
mesenteric lymph nodes granulomatous nodular forma-
tions surrounded by inflammatory cells (lymphocytes 
and plasmocytes) were observed; and caseous necrosis 
and calcification (Figure 4). Note that Figure 4 shows 
the microscopic appearance of Figure 2. 

Of the 334 serum samples evaluated, the M. 
bovis ELISA Antibody Test (IDEXX®) identified 17 
positive animals. All the cattle considered positive by 
M. bovis ELISA were considered negative by CCT. 

Of the tissue samples (lung, retropharyngeal, 
submandibular, cervical and mediastinal lymph nodes) 
from the 16 cattle considered positive by CCT, M. bovis 
DNA was not detected in qPCR M. bovis.

Of the 334 serum samples evaluated, the M. 
avium subsp. paratuberculosis ELISA antibody test 
(IDEXX®) detected antibodies anti-MAP in 9 animals. 
All of the cattle considered positive by PTB ELISA 
were negative by CCT for tuberculosis. In these ani-
mals the reaction to avian PPD (ΔA) ranged from 0.5 
mm to 2.7 mm.

Of the samples of intestine and mesenteric 
lymph nodes evaluated by PCR, collected from the 
16 cattle reactive by CCT, 9 samples amplified the 
specific genetic sequence IS900 of M. avium subsp. 
paratuberculosis, for a total of 9 animals considered 
positive by PCR for PTB.

Figure 1. Thickened duodenal mucosa with reddish, wrinkled and/or cerebroid appearance, from 
a cow considered positive by the comparative cervical test for tuberculosis.
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Figure 2. Mesenteric lymph node with irregular and whitened multi-nodular areas in the cortical region and the presence 
of liquid of milky appearance, from a cow considered positive by the comparative cervical test for tuberculosis.

Figure 3. Photomicrograph of the small intestine with mucosa and sub-
mucosa presenting inflammatory infiltrate [HE; 4x].

Figure 4. Photomicrograph of mesenteric lymph node with presence of 
granuloma [HE; 4x].

DISCUSSION

Considering the positive results in the TB 
ELISA and CCT tests, the prevalence of cattle with 
tuberculosis in the herd was 9.8%. The presence of 
anti-M. bovis antibodies in 17 cattle reinforces the 
occurrence of tuberculosis in the herd evaluated. 
The fact that the animals considered positive by TB 
ELISA were not considered positive in the intrader-
mal test does not mischaracterize the clinical picture 
of the disease. Considering the inverse relationship 
between cell-mediated and humoral responses to M. 
bovis, the intradermal test and the serological tests 
are designed to measure different immunological 
responses, which develop during different stages 
of infection [8]. The progress of the cellular immu-
nological response to humoral immunity occurs in 

the most advanced stages of tuberculosis. For this 
reason, the assays based on antibodies are useful as 
complementary tests to the assays based on cellular 
response, aiding in the identification of cattle in more 
advanced stages of the disease, with false-negative 
results in the TB test, due to the stage of anergy of 
the animals [25,26].

Of the 16 cattle considered positive by CCT, 
12 animals presented macroscopic and histological 
lesions suggestive of PTB and DNA from MAP 
was detected in nine. Although it is the official test 
for the control of TB in different countries, the in-
tradermal test with PPD has presented limitations, 
primarily related to specificity [16]. M. avium subsp. 
paratuberculosis is considered the main cause of 
false positive reactions in the intradermal test [5]. 
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The PPD bacterial extract is a complex mixture of 
proteins, lipids, sugars and nucleic acids, and many 
of these components are also shared by numerous 
species of mycobacteria (tuberculous or not). This 
antigenic complexity is probably the main cause of 
the occurrence of nonspecific reactions in the TB 
tests [17]. MNT can coexist in the herd or in the same 
animal, leading to diagnostic errors at the individual 
and herd level [5].

The presence of macroscopic and histological 
lesions suggestive of PTB, and the amplification of 
genetic material from MAP confirm the occurrence 
of the disease in the herd studied. Of those testing 
positive, all were female, aged between 3 and 9 years 
and none of the animals had a clinical history of the 
disease. The absence of clinical signs does not discard 
the presence of infection in the herd, in these cases it is 
necessary to combine diagnostic techniques to confirm 
infected animals [18]. The clinical manifestations are 
generally observed after 3 years of age, although MAP 
can remain incubated for a period that ranges from 6 
months up to 15 years, resulting in late clinical signs 
[13,15].

The thickening of the intestinal mucosa, 
changes in lymphatic vessels of the mesentery and 
in the mesenteric lymph nodes, which histologically 
correspond to enteritis, lymphangitis and granuloma-
tous lymphadenitis, are usually described in bovine 
paratuberculosis [9]. These lesions were observed in 
the animals necropsied in different degrees of intensity. 
The variation in the intensity of the lesions is related to 
the stage of the infection, immunity of the animal, the 
susceptibility of the host and the strain of MAP [24]. 
The detection of MAP DNA confirms the etiology of 
the paratuberculosis in the herd studied. Although there 
is no test today that is sufficiently capable of detecting 
all infected animals, the diagnosis of paratuberculosis 
requires a multidisciplinary focus on clinical and 
pathological manifestations, immunological response 
and detection of the etiological agent [14].

The paratuberculosis ELISA test detected 
anti-Map antibodies in nine animals (2.7%), which 
were all negative by CCT and none of them pre-
sented clinical manifestations suggestive of para-
tuberculosis. These animals represent an important 
category in the control of paratuberculosis, since 
in addition to not presenting clinical signs, they 
intermittently eliminate the agent into the environ-

ment and maintain the infection in the herd [9]. 
The sensitivity of the test depends on the stage of 
infection. When the disease is in the initial stages 
or latent, the sensitivity is low, approximately 15%, 
and tends to increase (75%) with the development of 
the disease to the clinical or terminal phase [10,23]. 
Although the serological tests did not present suf-
ficient accuracy for an individual diagnosis, they 
are efficient in determining infected herds and al-
low an estimation of the extent of the problem in 
the suspected farm [20].

There is also the possibility of co-infection 
of TB and PTB in the herd studied. Mixed infections 
of M. avium (including MAP) and M. bovis have 
already been reported. Seva et al. [21], with the ob-
jective of characterizing the immune response and 
the profile of lesions in herds infected with M. bovis 
and MAP, identified that co-infected cattle, which 
present small granulomas or initial TB lesions, were 
considered positive by PCR and serology for PTB, 
although no lesion was identified for PTB. While 
the animals who had extensive TB lesions also pre-
sented diffuse lesions for PTB, demonstrating that 
there is a positive correlation with the seriousness 
of the pathology in animals co-infected with TB 
and PTB. Byrne et al. [7], found robust associa-
tions between TB herd breakdown episode risk and 
concurrent MAP infections at the herd level. This 
indicated that breakdown herds exhibited a higher 
risk of co-infection than sampled herds which were 
not experiencing a breakdown. 

The intercurrence of cattle reactive by TB test 
with paratuberculosis was also reported [3]. The au-
thors detected granulomatous lesions associated with 
the infection by MAP in 28% (26/91) of the cattle 
considered positive by the TB test. In the necropsy of 
the cattle considered positive by TB test it was also 
observed that the granulomas were located exclusively 
in the interfollicular areas of the lymphoid tissue in 
16.4% (15/91) of the animals. Other granulomas were 
identified in the slide of the ileocecal valve itself in 12% 
(11/91) of the cattle. Using an immunohistochemical 
technique the authors detected MAP in 92% (24/26) of 
the animals with PTB lesions. It is important to empha-
size that no clinical signs of PTB were found in any of 
these animals, as with the present study. The detection 
of false positive results with the TB test is important 
particularly in areas where there is a relatively low 
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incidence of TB and can be attributed, partly, to the 
cross immunological reactivity with other infections 
by mycobacteria, especially MAP [3].

Other studies indicate that co-infection by M. 
bovis and MAP lead not only to false positive results, 
but also to false negative results [4]. In experimental 
co-infections in which M. avium subsp. avium was 
administered previous to M. bovis, the animals did 
not react to the TB test the same way as when infected 
only with M. bovis [2]. In this case, these results may 
represent an obstacle to TB eradication programs, since 
false-negative animals may not be detected with the 
intradermal test, thus serving as an important source 
of infection from the disease. This is why, in practice, 
if the objective is to eradicate the disease, the ability 
of a diagnostic test to detect all infected animals (not 
missing truly infected animals with false-negative re-
sults) is more important than the error caused by the 
detection of false positive results [12,21]. Although 
they are not 100% specific, countries that have been 
able to eradicate TB used intradermal TB test as a basic 
tool in their sanitary programs. This is undoubtedly the 
best test for herds in which the disease is endemic and 
in controlled herds.

CONCLUSION

Under the field conditions studied, infection by 
M. avium subsp. paratuberculosis may have caused non-
specific reactions in the intradermal TB test. Despite the 
limitations regarding the specificity of the intradermal 
test, from an epidemiological perspective, it is the best 
test available for the detection of herds with tuberculosis.
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