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Abstract

Mycobacterium avium subsp. paratuberculosis (MAP) is the etiologic 
agent of Johne’s disease or paratuberculosis, a persistent gastroenteritis that 
affects ruminants and leads to progressive weight loss. In humans, MAP has 
been frequently isolated from patients with Crohn’s disease (CD), the etiology 
of which is still unclear. Although paratuberculosis and CD have many clinical 
and histological similarities, the role of MAP in CD pathogenesis is unknown. 
Therefore, due to its zoonotic potential, it is important to detect factors that 
can favor MAP infection in humans. A case-control study was carried out in 
a population of patients who underwent a colonoscopy between 2009 and 
2011 at a gastroenterology referral center, located in the Hospital das Clinicas, 
Universidade Federal de Minas Gerais (HC-UFMG), Belo Horizonte-MG. Eight 
out of a total of 148 patients had a positive intestinal biopsy for the presence of 
MAP DNA. In the risk factor analysis, MAP was positively associated with the 
consumption of unpasteurized dairy products (Odds ratio=13.39, CI=1.57 to 298; 
p<0.01) and a history of intestinal diseases among family members (odds=8.42; 
IC=1.44 to 63.50; P<0.01). This study suggests that consumption of informally 
marketed milk and a history of intestinal diseases among family members are 
risk factors for the occurrence of MAP in intestinal biopsy samples. These data 
reinforce what has been described in studies in other countries. This is the first 
report on the subject in Brazil. 

Keywords: Crohn’s disease; Milk; Case-control; Inflammatory bowel 
disease

Introduction
Mycobacterium avium subsp. paratuberculosis (MAP), a Gram-

positive bacillus, is the etiologic agent of chronic granulomatous 
inflammatory bowel disease, known as paratuberculosis or Johne’s 
disease. Paratuberculosis is usually a subclinical disease that may 
progress to the clinical form in adult animals. It can affect domestic 
and wild ruminants and pseudoruminants [1,2].

This bacterium has been isolated from patients with inflammatory 
bowel disease (IBD), mostly Crohn’s disease (CD) and less frequently 
in patients with ulcerative colitis (UC). CD is an inflammatory bowel 
disease of unknown etiology characterized by chronic inflammation 
and focal, transmural and granulomatous asymmetry that may affect 
any part of the digestive tract, from the mouth to the anus, but is 
mainly found in the distal small intestine and proximal large intestine 
[3].

As described by Robertson, et al. (2017) the relation of MAP 
and CD still controversial and hotly discussed, but with the 
modernization of molecular techniques, the DNA of MAP has 
been detected in tissue samples obtained from patients with CD 
at increasing rates, including patients with IBD and other non-
inflammatory bowel diseases, such as intestinal cancer, hemorroidal 
disease [4-6]. The frequent isolation of MAP in intestinal specimens 
from patients with CD and clinical, histological and radiological 

Special Article - Crohn’s Disease and Colitis

Risk Factors for the Presence of Mycobacterium avium 
spp. paratuberculosis in Human Intestinal Biopsies in 
Brazil
Espeschit IF1, Carvalho IA1, Oliveira JF1, Souza 
MCC1, Valêncio A2, Ferrari MLA3 and Moreira 
MAS1*
1Bacterial Diseases Laboratory, Section of Preventive 
Veterinary Medicine and Public Health, Universidade 
Federal de Viçosa- UFV, Brazil
2Department of Economics, Universidade Federal de 
Viçosa-UFV, Brazil
3Alpha Institute of Gastroenterology, Universidade 
Federal de Minas Gerais-UFMG, Brazil

*Corresponding author: Moreira MAS, Bacterial 
Diseases Laboratory, Section of Preventive Veterinary 
Medicine and Public Health. Universidade Federal de 
Viçosa- UFV. PH Rolfs Avenue, Campus Universitary, Zip 
Code 36570-900. Vicosa, Minas Gerais state, Brazil

Received: May 05, 2017; Accepted: June 02, 2017; 
Published: June 19, 2017

similarities, between paratuberculosis and CD, raises concerns about 
the zoonotic potential of MAP [7-9]. The agent is eliminated in the 
feces and milk of infected animals, which may contaminate food and 
water courses, thus exposing communities to the agent. Also, MAP is 
resistant to high temperatures and disinfectants, so it can be present 
in pasteurized dairy products and drinking water, as demonstrated 
by previous studies. Pasteurization can decrease the bacterial load 
without eliminating it from dairy products. The same is true for 
drinking water and wastewater treatment [9-14].

According to Uzoigweet, et al. (2007), research into the risk 
factors of CD has been frustrating. However, epidemiologists have 
gathered enough information that points to an association between 
M. avium subsp. paratuberculosis and CD [15]. A study performed 
by Scanu, et al. (2007) in the United Kingdom supplied data on 
the potential risk factors for human exposure to some pathogens; 
these authors found that MAP is a candidate pathogen of cases of 
IBD and CD, and there was a significant association between MAP 
infection and the consumption of handmade cheese in CD patients 
[16]. Zamani, et al. (2017) also found high immune reactivity to MAP 
epitopes among CD patients, which was positively correlated with the 
consumption of fast food meals and a family history of IBD. For both 
CD and UC, the duration of breastfeeding and the consumption of 
fruit/vegetables had a negative correlation with the presence of anti-
MAP antibodies in Iranian CD patients [17]. Abubakar, et al. (2006) 
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also reported a risk factor study for MAP in the United Kingdom, 
where they found that the consumption of pasteurized milk was 
associated with a reduced risk of CD. Meat intake was associated with 
a significantly increased risk of CD, whereas fruit consumption was 
associated with a reduced risk [18]. Dow, et al. (2006) and Pinna, et al. 
(2014) reported that MAP infection may also be a risk factor for other 
diseases, such as diabetes [19,20]. 

Although there have been risk factors studies performed in other 
countries, in Brazil, there have been no previous reports of this kind, 
even though there are important centers for the treatment of CD 
in the country. Thus, the present study aimed to find possible risk 
factors for the presence MAP in samples of human intestinal biopsies 
collected from patients of a reference center of CD of Brazil.

Material and Methods
Samples and study design 

The present study was conducted at the referral center Alpha 
Institute of Gastroenterology located at the Clinics Hospital of 
Universidade Federal de Minas Gerais (HC-UFMG). As a referral 
center for the area, it receives patients from different regions of Minas 
Gerais state. The patients had bowel fragments collected for biopsy 
between 2009 and 2011.

This study constitutes a continuation of a previous one, described 
by Carvalho, et al. (2015), in which the aim was to verify if there 
was difference in the detection and quantification of MAP DNA in 
intestinal samples from patients with IBD, mainly CD, and patients 
without IBD, which underwent colonoscopy between the years 2009 
and 2011 by real-time PCR [6]. The present study analysed the same 
population, studying the risk factors that could be influencing the 
occurrence of MAP, identified in the previous study, in these samples, 
independently of the diagnosis (IBD or non-IBD).

Therefore, data collection for the case-control study was 
conducted from 2013 to 2015 at the same reference institute and 
with the same population [6]. Patients who had positive biopsies for 
MAP DNA in the previous study were considered cases. The controls 
were considered the remaining sampled individuals, who presented a 
negative biopsy for the presence of MAP DNA.

Data collection
The personal and medical information of the patients was 

collected from the records of the Medical Archive and Statistics 
Service (SAME) of HC/UFMG. The patients were contacted either or 
by telephone, or during their visit to the institute for consultation or 
any medical procedure.

A standard pre-coded questionnaire was the data collection tool 
used to identify the condition of patients and control participants 
regarding the exposure to the analyzed variables. The final version 
of the questionnaire was organized through the following sections: 
informed consent, participant identifications, information about 
the disease, family history of disease, socioeconomic characteristics, 
household characteristics and consumption of dairy products.

The questionnaire was answered by the patient and applied by a 
single interviewer, who did not know the status (case or control) of 
the patient at the time of the interview, aiming to prevent interviewer 
bias. All questions were related to the period prior to the performance 

of the biopsy. Although interviewer bias was minimized, the search 
results were subject to recall bias, since the individuals were asked 
about an earlier period of their lives.

Data analysis
The analysis of the case-control study data began with the 

construction of the database in the Epi Info™ software system 
version 3.5.3 (CDC, 2011) [21], into which the responses from 
each questionnaire were entered. The statistical analysis comprised 
univariate analysis followed by bivariate analysis. These analyses were 
performed with α equal to 5%. All participants were informed about 
the objectives of the study and provided written informed consent 
before answering the questionnaire. The study was approved by the 
ethics committee of the Universidade Federal de Minas Gerais. (ETIC 
nº0471.0.203.000-10).

Results and Discussion
We considered the cases of eight patients with intestinal biopsies 

showing MAP DNA; 148 patients were included in the study as 
controls and another 24 patients were excluded due to death or 
incomplete information. The proportion of cases and controls was 1 
case for 17.5 controls. Although the number of patients included in the 
study is small, the information supplied for the studied population is 
novel, considering the studied country. There are no previous studies 
describing the specificities of CD in Brazil, or correlating with MAP 
infection. Also, because of the ethical barriers, it is not easy to work 
with the human population in our country. 

The complete distribution of the variables can be found in the 
Tables 1 to 4. Since the Alpha Institute is considered a referral center 
for IBD, most participants with intestinal problems were diagnosed 
with CD (38.5%), followed by non-IBD patients (34.5%) and patients 
with ulcerative colitis (UC) (25.6%). Among the eight cases, the 
diagnosis indicated UC (37.5%) and non-IBD patients (37.5%), while 
CD was diagnosed in only 25% of the subjects. This distribution differs 
from that of controls, where 39.9% were diagnosed with CD, 25.4% 
were diagnosed with UC and 32.9% did not have IBD, as described in 
Table 3. This was expected, given the frequent isolation of the agent 
in patients with CD, as previously discussed. Comparable results 
were found by Timms, et al (2016) that published a study reporting a 
significant association between MAP and CD that was not related to 
age, gender, and place of birth [22]

Comparing cases and controls, we found that clinical treatment 
was received by 87.5% of cases and 68.3% of controls. In relation to 
surgical treatment, only 12.5% of the cases did not need a surgical 
procedure, while 67.6% of controls did undergo surgery.

The univariate analysis demonstrated that there were a higher 
proportion of individuals who are homeowners among the 
controls. This distribution was expected, as individuals who are not 
homeowners are more likely to move more frequently, which exposes 
them to a greater diversity of pathogens, since they use new water 
sources and may be exposed to sewage that can be contaminated 
(Table 1).

Similarly, individuals who do not have access to a public 
supply of clean water or proper sewage disposal, and those that 
eat unpasteurized, non-inspected products had increased chances 
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of coming into contact with microbial agents, such as MAP. Also, 
regarding sanitation and socioeconomic conditions, the use of 
springs or wells increases the chances of contact with pathogens 
such as MAP, since the water receives no treatment prior to use. In 
addition, septic tanks may pose a risk to the health of users, if they 
are not used or built correctly. They could expose users to various 
pathogens, due to leaks and the contamination of soil and sources 
of water. This can be shown in our study, since there were a higher 
percentage of individuals under poor sanitary conditions among the 

cases as described in Table 2.

Among the controls, there were a higher proportion of non-
smokers, but there were also individuals who smoke a greater number 
of cigarettes (Table 1). It is known that smoking is associated with 
the occurrence of IBD and is a risk factor for CD. However, it works 
as a protective factor in patients with UC, and individuals with UC 
are at an increased risk of developing disease if they stop smoking 
[9]. Although the participation of MAP in the appearance of these 
inflammatory lesions has not been clarified, it can be inferred that 

Variable Case 
(8) Control (140) Odds ratio (OD) Confidence interval

95% (IC)
Chi square

(x2) P value

Area of residence

Rural 3 21
3.40 0.59-18.20 2.82 0.09

Urban 5 119

City of residence
Outside Belo Horizonte 4 79

0.77 0.15-3.86 0.13 0.72
Belo Horizonte 4 61

Participant in social benefit Program

Yes 2 13
9.77 0.88-109.20 6.91 P<0.01

No 2 127

Family income

≤ 3 minimum salaries 3 90
0.63 0.12-3.16 0.38 0.53

> 3 minimum salaries 5 95

Number of people who depend on the income

Three or more persons 4 85
0.61 0.12-3.07 0.46 0.49

Up to three persons 4 52

Level of education

Up incomplete high school 3 71
0.58 0.11-2.95 0.53 0.46

After high school 5 69

Home owner

No 1 46
0.29 0.01-2.48 1.45 0.22

Yes 7 94

Smoker

Yes 5 46
3.41 0.67-18.95 2.94 0.08

No 3 94

Table 1: Association between socioeconomic variables and intestinal biopsies MAP DNA detection amongst cases.

Variable Case
(8) Control (140) Odds ratio (OD) Confidence interval 95% (IC) Chi square

(x2) P value

Water supply source

Other source 3 27
2.51 0.44-13.16 1.55 0.21

Public network system 5 113

Performs treatment of water for consumption

No 0 9
0.00 0.00-11.73 0.55 0.45

Yes 8 131

Wastewater disposal

Other system 3 24
2.88 0.50-15.21 2.07 0.15

Public collection system 5 115

Table 2: Association between sanitation variables and intestinal biopsies MAP DNA detection amongst cases.
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risk factors occurring concomitantly may increase the chances of 
developing or even aggravating the disease.

Self-medication is not an advisable practice, especially in the case 
of patients with bacterial infections, which may be the case in MAP 
DNA detection, although its role in the pathogenesis of intestinal 
diseases has not been explained yet. The use of non-prescription 
drugs, such as antibiotics, may aggravate the symptoms, since 
inaccurate dosing can lead to bacterial resistance [23]. In the present 
study, this behavior was more common among cases than among 
controls (Table 3).

Drinking and eating dairy products is another variable possibly 
associated with the contamination of individuals with MAP, especially 
non-pasteurized products. However, it is known that pasteurization 
may not be able to remove high bacterial loads of an agent, and 
bacteria can be detected in pasteurized milk and products such as curd 
cheese [14,24,25]. Among the cases, 62.5% of the subjects consume 
raw products, while among controls, this percentage was10.8%. Thus, 
cases probably came into contact with MAP through the consumption 
of raw milk, as described by Carvalho, et al. (2012), who also identified 
the viable agent in pasteurized milk [14]. As expected, the purchase 
of these products from small businesses or informal vendors is more 
common among patients with positive MAP diagnosis in their 
biopsies, which indicates that the consumption of milk and other 
informally marketed dairy products is associated with MAP detection 
in the human intestine. This association was expected, since MAP 
is eliminated by contaminated animals, mainly through the milk 
and feces. Thus, individuals may be contaminated by consuming 

these products, especially non-pasteurized products, although 
pasteurization may not be able to remove high bacterial loads. This 
probably occurs due to the ability of bacteria to form clumps. The 
bacteria inside the clumps would be protected from the heat by those 
on the outer surface during pasteurization [13,24]. In addition to the 
formation of clumps, MAP also has the ability to form a spore-like 
structure that may hinder its elimination and favor bacterial survival 
in the environment, as observed in aquatic environments, since MAP 
has been identified in raw milk and untreated water [11,13,26,27].

A history of intestinal diseases among family members, also 
described by other researchers including Nacy, et al. (2008), Fiocchi 
(2012), Leite (2012) and Carvalho, et al., (2012), was another factor 
showing a statistical association, which suggests the involvement of 
MAP in intestinal diseases, especially CD [8,9,14,28].

Despite the small number of cases, and the already described 
difficulties, the data supplied by this study are relevant as the results 
provide novel information in the context of CD epidemiological 
information regarding Brazilian individuals, and reinforces 
information from other countries, offering important new 
information that may contribute to a better understanding of the 
disease and its relation to MAP. 

Although statistically non-significant, probably due to the small 
sample size, several factors play an important role in the identification 
of agents in the intestinal biopsies of patients with IBD and other 
diseases, for example performing abdominal surgery. Among the 
cases, a family history of bowel disease was always diagnosed as 
CD. These results support other studies reporting that MAP DNA 

Variable Case
(8) Control (140) Odds ratio 

(OD)
Confidence interval 95% 

(IC)
Chi square

(x2) P value

Diagnostic 

Crohn/Ulcerative colitis 5 90
0.87 0.17-4.84 0.03 0.85

Others diseases 3 47

Treatment and treatment habits
Doctor´s prescription associated with alternative therapies 
and self-medication 2 41

0.67 0.09-3.95 0.22 0.63
Only Doctor´s prescription 6 83

Family history of bowel diseases

Yes 6 36
8.42 1.44-63.50 8.72 P<0.01

No 2 101

Table 3: Association between information’s treatment, family history and disease variables to intestinal biopsies MAP DNA detection amongst cases.

Variable Case
(8) Control (140) Odds ratio (OD) Confidence interval 95% (IC) Chi square

(x2) P value

Frequency of consume dairy products

More than once per week 7 75
5.97 0.71-132.62 3.45 0.06

Less than once per week and no consumption 1 64

Drinks and/or eats informally marketed dairy products

Yes 8 46
13.39 1.57-298 9.12 P<0.01

No 1 88

Informal (raw) milk consumption

Yes 5 12
4.72 0.80-30.37 4.19 0.04

No 3 34

Table 4: Association between information’s consumption of dairy products and intestinal biopsies MAP DNA detection amongst cases.
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is generally found among patients with CD 7. Infected patients may 
develop intestinal problems associated with a genetic propensity, 
including mutations in the Nod 2, which is gene associated with the 
processing of modified bacterial products [9,27]. Besides, individuals 
infected with the agent may contaminate their families through direct 
contact or fomites of contamination.

The data show the habits of the patients in relation to the 
consumption of milk and other dairy products. This is relevant to 
the study, since sick bovine carriers eliminate the agent through the 
milk as well as the feces. It seems that 76.4% of the total population 
consumes dairy products at least once per week, which corresponds 
to 100% of the controls and 75% of the cases. The high frequency of 
consumption of these products increases the risk of contamination of 
these individuals. As for the types of dairy products consumed, 45.2% 
of the study participants in the study said that they consume both 
pasteurized and informally marketed or unpasteurized products, 
while 43.9% consume only pasteurized products. The comparison 
between cases and controls revealed different ratios, i.e. 87.5% of 
cases consume pasteurized and unpasteurized milk, while only 50.4% 
of controls consume these products.

Participants were asked whether they process the informally 
marketed products prior to consumption; 60.8% said they do not 
consume these products, 11.5% said they consume it raw and 25.6% 
said they boil it. The cases consumed dairy products, especially raw 
milk, that increase the risk of MAP contamination. It is important 
to emphasize that, among the cases, 62.5% of subjects consumed raw 
milk, whereas only 10.8% of controls did so, as described in Table 
4. According to Nielsen, et al. (2008) even for the calves themselves, 
the intake of colostrum or milk, depending on the management of 
colostrum, may represent a risk factor for MAP infection [29,30].

The participants were also asked about where they had purchased 
milk products, since buying from small establishments, street vendors 
or directly from farms are usually associated with uninspected 
products, which are more vulnerable to pathogen contamination. It 
was found that 44.5% of the participants had acquired their products 
in the supermarket, which corresponds to 12.5% of the cases and 
46.8% of controls. Another 6.08% had bought the products in 
bakeries, i.e.12.5% of cases and 5.8% of controls, and another 4.7% 
had bought their dairy products in grocery stores, i.e. 12.5% of cases 
and 4.3% of controls (Table 4).

Most (72.2%) participants had no family history of intestinal 
disease. The profile was similar for controls and differed for cases. 
Furthermore, these individuals were diagnosed with other non-
inflammatory bowel diseases (12.1%) followed by RCU (8.1%) and 
CD (3.3). All the cases were diagnosed with CD, as can be seen in the 
Table 4.

The bivariate analysis considered only variables that could be 
categorized into exposed and unexposed. The results are shown in 
Tables 1 to 4.

Despite the differences displayed in the univariate analysis, 
which suggests some risk factors, only the variables intake of milk 
and informal derivatives showed an association (OD=13.39, CI=1.57 
to 298 p<0.01), while a history of intestinal disease among family 
members (OD=8.42, CI=1.44 to 63.50; p<0.01) showed statistical 

relevance.

Conclusion
The consumption of informally marketed milk and a previous 

history of intestinal diseases among family members can be considered 
risk factors for the presence of MAP DNA in intestinal biopsies. 
Also, for the studied population, the characterization suggests some 
other possible risk factors, including undergoing surgery. These data 
reinforce the available data in the literature regarding the risk factors 
for CD in other countries.
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