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Detection of Mycobacterium avium Subspecies
paratuberculosis from Patients with Crohn’s Disease Using
Nucleic Acid-Based Techniques: A Systematic Review and

Meta-analysis

I. Abubakar, MD, PhD,* D. Myhill, PhD,* S.H. Aliyu, MD,T and P.R. Hunter, MD*

Abstract: This study is a systematic review and meta-anal-
ysis of studies using nucleic acid-based techniques to detect
Mycobacterium avium paratuberculosis (MAP) in patients
with Crohn’s disease (CD) compared with controls. Database
searches were conducted and risk difference estimates were
calculated using meta-analysis. Fifty-eight studies were re-
viewed, 47 of which were included in the analysis. The
pooled estimate of risk difference from all studies was 0.23
(95% confidence interval [CI], 0.14-0.32) using a random
effects model. Similarly, MAP was detected more frequently
from patients with CD compared with those with ulcerative
colitis (risk difference 0.19, 95% CI, 0.10-0.28). Year of
study, assay type, and inclusion of children explained some
but not all of the observed heterogeneity. The data confirms
the observation that MAP is detected more frequently among
CD patients compared with controls. However, the patho-
genic role of this bacterium in the gut remains uncertain. Our
analysis demonstrates that there is an association between
MAP and CD, across many sites, by many investigators, and
controlling for a number of factors; however, this association
remains controversial and inconclusive. Future studies should
determine whether there is a pathogenic role.
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he histopathological and clinical similarities between hu-
man chronic granulomatous enteritis,’? intestinal tuber-
culosis, and animal paratuberculosis® has led to the suspicion
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that Mycobacterium avium subspecies paratuberculosis
(MAP) has a role in the etiology of Crohn’s disease (CD).
The literature on the pathogenesis, pathophysiology, and clin-
ical management of CD has evolved considerably over the
last decade due to advances in molecular biology and genet-
ics. Despite considerable medical debate, the etiology of CD
remains an enigma. However, there is a consensus that CD
results from a sustained immune response arising from an
environmental stimulus in a susceptible host.#* MAP has been
postulated to be a potential stimulus at least in a subset of
patients.”

Unlike Mycobacterium tuberculosis, MAP is fastidious
and slow-growing, with nutritional dependence for the iron
chelating compound mycobactin.’ In vitro culture techniques
have improved significantly in the last decade. Grant et al®
compared Mycobacterium Growth Indicator Tube (MGIT)
and BACTEC culture media for the recovery of MAP from
milk and found both media were able to detect 10 organisms
per mL of milk. However, despite these improvements in
culture media it remains a difficult organism to isolate from
humans, for unclear reasons that may include mycobacterial
dormancy or low bacillary burden. Similarly, serological
assays are unlikely to provide the evidence required, as they
are not reliable for the diagnosis of Johne's disease, a disease
of animals caused by MAP.”

A number of studies have reported the more frequent
detection of the insertion sequence IS900 in CD patients
compared with controls using polymerase chain reaction

" (PCR) assays.>8 In contrast, other authors found no associa-

tion between CD and the detection of 1S900.%10 The 2 main
methods that have been used include PCR and in situ hybrid-
ization (ISH) assays. Although other IS900-like elements
have been described in environmental mycobacteria,'!-!? the
entire IS900 gene is unique to MAP.?3 The short fragments of
the IS900 sequence targeted in various studies may not be
unique, as evidence of partial cross-hybridization between M.
avium strains has been reported in AIDS patients.** Multiplex
PCR simultaneously targeting several fragments of the IS900
gene has been developed to overcome this difficulty.’> In
addition, crosshybridizing elements can be distinguished
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from IS900 by optimized sample processing and through the
design of primer pairs.!¢

Various reviews have been conducted examining the
MAP hypothesis that suggest that although there is insuffi-
cient evidence, a causal link in a subset of CD patients cannot
be excluded.l” There has, however, been no formal system-
atic review and meta-analysis assessing all the studies using
PCR and ISH assays. We present a systematic review of all
published studies and, where appropriate, meta-analysis of
studies using PCR and ISH to detect MAP in patients with
CD and controls.

MATERIALS AND METHODS

Search Strategy

Database searches of MEDLINE (1966 to January
2006), Embase (1980 to January 2006), Biosis (1993 to
January 2006), Cochrane Library (2006 Issue 1), and Web of
Science were conducted using keywords for the organism
(Mycobacterium avium paratuberculosis, paratuberculosis,
Mycobacterium paratuberculosis) and “Crohn’s disease.”
Other databases searched include Database of Abstracts and
Reviews and Conference proceedings (World Congress of
Gastroenterology, British Gastroenterology Society, United
European Gastroenterology Week and American College of
Gastroenterology). Bibliographies of published articles in-
cluding previous reviews were checked for additional studies.
The search was limited to studies conducted on human beings
and no language restrictions were used. We contacted authors
who have published studies relevant to PCR and ISH assays
for the detection of MAP in CD patients and relevant material
requested.

Inclusion Criteria and Data Extraction

All titles and abstracts from each of the searches were
examined. The full text of each article was obtained and
reviewed if the study compared the frequency of detection of
MAP among CD patients with controls using PCR or ISH
assays. A reviewer (I.A.) extracted data from each study. Any
study without a control group was excluded.

Quality Assessment

The quality of each study was appraised using a form
adapted from http://www.medepi.net/meta/. No studies were
excluded on the basis of quality, but rather the criteria were
used to check for evidence of heterogeneity in the analysis.

Statistical Analysis

Risk difference was estimated from the selected studies
and pooled using meta-analysis. If significant heterogeneity
(P < 0.20) between study results was evident using a chi-
square test, a random effects model was used to calculate the
summary risk difference. Meta-regression analysis was used
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to investigate the effect of heterogeneity due to study char-
acteristics including measures of quality. This allowed us to
assess the extent to which covariates affect the random effects
summary measure estimate. Factors likely to result in differ-
ences in the ability of assays to detect MAP were agreed on
a priori such as the inclusion of children, study year, reported
inclusion of patients on immunosuppressive therapy, use of
nested PCR, mechanical disruption and laser dissection,
blinding, use of positive and negative controls, and the pres-
ence of granulomas in tissue samples. Publication bias was
assessed based on funnel plots and a P-value of less than 0.20
using Begg’s test.1® Statistical terms used in the article are
explained in the box. All analyses were conducted using the
Stata software (v. 9; StatA Corp., Texas).

Risk difference: the main outcome measure used in this
study, is defined here as the difference between the risk in the
Crohn’s disease group (proportion of positive results) and the
risk in the control group (proportion of positive results). The
risk difference describes the actual difference in the proba-
bility of a positive result observed among Crohn’s disease
patients and controls.

Funnel plot: a method used to assess publication bias. It
is a simple scatterplot of the study effect, risk difference in
this case, estimated from individual studies against some
measure of each study’s sample size (standard error of the
risk difference in this meta-analysis). In the absence of bias
the plot should resemble a symmetrical funnel.

Statistical heterogeneity: excessive variation between
studies beyond what would be expected by chance alone. The
difference is usually due to clinical and/or methodological
diversity among the studies.

Random effects model: assumes that the effects being
estimated in the different studies are not identical, but follow
some distribution. The center of this symmetric distribution
describes the average of the effects, while its width describes
the degree of heterogeneity. This type of model is usually
used in the presence of heterogeneity.

Ethical Considerations
This study is a systematic review of the literature with
no patient contact and does not raise any ethical issue of note.

RESULTS
The study selection procedure is outlined in Figure 1.
Fifty-eight full text studies were reviewed, 47 of which were
included in the analysis. Two studies reported the assessment
of both a PCR and an ISH assay.!%2° Therefore, a total of 49
studies were analyzed. The median study population size was
51 individuals, with a range of 5 to 200.

Study Characteristics
Table 1 summarizes the characteristics of the included
studies. The assessment of study quality was limited by the
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196 potentially relevant
articles identified

138 articles excluded after
screening of titles and abstracts

58 articles selected for
review of full text

11 articles excluded
4 no comparison group
2 sample size < five
1 duplicate publication
2 case reports
2 descriptions of a new
assay

47 articles (49 studies)
included in the analysis

FIGURE 1. Flow chart outlining the study selection process.

amount of information reported in published articles; how-
ever, additional data were obtained from authors (10/47)
where possible. The studies are reported from laboratories in
15 countries. Forty-three used PCR, while 6 studies reported
analysis of in situ or DNA hybridization. In 2 studies the only
available comparison group were patients with ulcerative
colitis (UC).21:22

Forty-two PCR studies used the IS900 target sequence,
while 1 used 16s rRNA.2 Four hybridization assays used the
insertion sequence IS900 as the target. The methods used for
DNA extraction also differed. Table 1 outlines the variation
in quality between studies. Several measures that may en-
hance detection of MAP in humans, such as mechanical
disruption of tissue and the use of nested PCR, were not used
in many studies. Six studies had an additional step of me-
chanical disruption.162¢-27 Eleven (25.6%) PCR studies and 1
(16.7%) hybridization study reported blinding of the investi-
gator as to the source of tissues or samples. All studies
describe measures to reduce the probability of cross-contam-
ination; hence, we could not investigate this as a source of
heterogeneity.

All Studies

A meta-analysis of all 49 studies (including 2 studies
with both PCR and hybridization tests) revealed evidence of
significant heterogeneity. The pooled estimate of risk differ-
ence was 0.23 (95% confidence interval [CI], 0.14-0.32)
using a random effects model. The studies were divided into
the 2 main test groups (PCR and hybridization assays).

Sensitivity analysis was carried out by excluding
studies with no evidence of MAP from any CD patient or
control. Thirty-two studies detected the organism in at
least 1 person. Among these studies a risk difference of
0.33 (95% CI, 0.22-0.45) was estimated. Figure 2 shows
the forest plot of the risk difference from the reviewed
studies.

PCR Studies

Thirteen studies showed a risk difference of zero. Three
studies showed a negative risk difference suggesting greater
detection of MAP in control specimens, although only 1 was
statistically significant. The full range of risk difference es-
timates varied from 0.21 to 0.73.

There was statistically significant evidence of hetero-
geneity (chi-square = 468.99, P < 0.001). The summary
measure of risk difference from a random effects model was
0.20 (95% CI, 0.12-0.28) and remained almost identical after
excluding the study by Kreuzpaintner et al,® which did not
use IS900 (0.20; 95% CI, 0.12—0.28). Similarly, exclusion of
any single study did not significantly alter the summary
measure. When the analysis was limited to studies investi-
gating tissue samples only (i.e., excluding blood), a risk
difference of 0.23 (95% CI, 0.10-0.29) was observed.

Hybridization Studies

There was significant evidence of heterogeneity (chi-
square = 301.29, P < 0.001); therefore, a random effects
model was used. The summary measure of risk difference
was 0.43 (95% CI, 0.01-0.84).

Detection of MAP in CD Compared with UC

Thirty-eight studies had data comparing samples from
CD and UC patients. The pooled risk difference was 0.19
(95% (I, 0.10-0.28).

Investigating Heterogeneity and Publication Bias

We used a regression analysis model to investigate
potential sources of heterogeneity. Factors considered a priori
to be potential sources of heterogeneity were chosen either
because they relate to the ability to detect MAP or can lead to
a bias in estimating the measure of association. Table 2 shows
the results of the meta-regression model for all studies, PCR
assays and hybridization tests. The year of study, type of
assay, and inclusion of children in the study were associated
with the outcome measure. The positive association suggests
that more recent studies, those that include children and PCR
studies, were more likely to report a positive result.

The funnel plots for publication bias showed evidence
of asymmetry (Fig. 3) (Begg’s test; z = 3.08, P = 0.002).

DISCUSSION

The results suggest that there is sufficient evidence for
the presence of MAP in the gut of patients with CD. A
summary risk difference of 0.23 (95% CI, 0.14-0.32) was
calculated, which remained consistent after sensitivity anal-
ysis excluding various sets of studies. Earlier studies have
suggested that MAP may also be found among controls but
recent investigations using appropriate extraction techniques
and more sensitive assays have revealed a significantly higher
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FIGURE 2. Forest plot for risk difference in the detection of Mycobacterium paratuberculosis in CD patients compared with non-1BD
controls using PCRand DNA hybridization assays. Each solid box represents the risk difference estimate from a study with error bars
indicating 95% confidence intervals. The dotted vertical line is the random effects summary estimate of risk difference and 95%
confidence intervals for overall effect is represented by the diamond box.

level of detection by PCR assays in CD patients compared
with controls,16.20:27.28.29

Interpreting the Findings

The pathogenic role of MAP in CD is uncertain. Our
analysis reveals a high strength of association with a reason-
able level of consistency among recently conducted studies.
However, for any agent to be considered a cause of a disease,
evidence that the infection precedes the pathology is essen-

tial. The studies in this review do not provide evidence of
temporality in the association.

The strength of the association and consistent detection
of MAP DNA does not prove causation, and may arise from
prior ingestion of nonviable organisms in water or milk.
However, the detection of MAP DNA in the blood of CD
patients® may suggest that a viable form of the organism is
present in CD. This study by Naser et al did not report the
detection of MAP in intestinal tissue, nor explore the possi-

TABLE 2. Meta-regression of the Relationship of Risk Difference and Study Characteristics in 49 Studies Comparing the Detection

of M. paratuberculosis in Crohn'’s Disease and Control Patients.

Variable Yes No Missing Coefficient P-value
Inclusion of children 9 21 19 022 0.045
PCR versus hybridization 43 6 0 024 0.040
Year 0.02 0.027
Granuloma 26 22 1 -0.01 0.877
Blinding 12 10 27 0.07 0.485
Immunosuppression 13 0 36 -0.02 0.118
CSLM 2 47 0.30 0.164
Mechanical disruption 6 29 14 0.21 0.056
Nested PCR 13 36 -0.50 0.598
Controls 40 9 0.19 0.099

CSLM, confocal scanning laser microdissection; PCR, polymerase chain reaction.
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FIGURE 3. Funnelplotfor the assessment of publication bias in
all studies. Each circle represents a study in the meta-analysis.
The central line represents the random effects summary risk
difference. The presence of studies outside the funnel-shaped
lines diverging from the summary effect is suggestive of publi-
cation bias. This is supported by the statistically significant re-
sults of the Begg's test. RD, risk difference; SE, standard error.

bility that the results are a secondary phenomenon due to
increased gut permeability or the inability of macrophages in
CD to kill MAP. The increased gut leakiness hypothesis is
supported by the more frequent detection of other organisms
in CD patients compared with controls®>3! and suggest a lack
of specificity of MAP detection. For instance, the risk differ-
ence for Bacteriodes and Escherichia coli from the Fujita et
al*! study was 0.5 and 0.4, respectively. In contrast, the
frequent detection of MAP in CD compared with UC argues
against increased gut permeability as the sole explanation.

Subgroup analyses were undertaken since IS900-based
ISH has been discredited as a nonspecific tool.32 Therefore,
the results of PCR assays were considered more reliable.
Similarly, the analysis was restricted to those studies inves-
tigating intestinal tissue. This did not alter the findings.

It has been suggested that most of the positive results
have been reported by a limited number of laboratories.
However, data from this review indicates that positive results
have been observed by several laboratories in different parts
of the world. Low assay sensitivity used by certain laborato-
ries may contribute to this observation, whereby only groups
that have developed sufficiently sensitive tests are successful.
Conversely, many studies detect MAP DNA in the control
patients. This may be because MAP is potentially common in
the environment. Alternatively, this may suggest that it is not
pathogenic to all exposed individuals.

Strengths and Weaknesses

A comprehensive search strategy was used in this re-
view. However, despite this, significant evidence of publica-
tion bias was found, suggesting that not all studies were
identified.

8

In addition to presenting summary measures alone,
meta-regression analysis was used to explore heterogeneity.
Factors included in the meta-regression model were agreed a
priori. However, limited availability of data hampered the
exploration of sources of heterogeneity, for example, the
effect of factors such as contamination in the meta-regression
analysis. Nevertheless, this review investigated important
factors related to the variation in the results of published
studies.

This review does not systematically identify and cri-
tique other studies that may be important in the understanding
of the role of MAP in CD such as the use of antimycobac-
terial therapy. This is the subject of a Cochrane review>* that
showed that antibiotics may have a role in maintaining re-
mission. The results of the largest randomized controlled trial
to date does not support the use of antibiotics in CD .33

Exploring Heterogeneity

The aim of a review should not be limited to producing
a summary estimate of divergent results but also to explore
the reasons for the observed differences. Heterogeneity is
inevitable in a meta-analysis of observational studies. Fur-
thermore, the studies were carried out over a long time period
during which laboratory methods evolved. A significant pos-
itive association with year of study with more recent studies
more likely to have positive results was identified. This is
very likely a proxy measure of changes over time in the assay
techniques. The sensitivity of assays improved over the last 2
decades due to a combination of better extraction methods
and enhanced detection limits. A significant positive associ-
ation was observed when studies including children were
compared with those with an adult population. It has been
suggested that if the initial MAP infection occurs in child-
hood, its detection in studies among children?> would be more
likely. This implies that earlier in the course of the disease,
MAP is present. However, others have found no difference in
the detection of MAP based on age using PCR.3¢ Other
factors considered a priori to be potential causes of hetero-
geneity were not statistically significant.

Due to the hypothesized paucibacillary nature of MAP
infection in CD, it is possible that there are very low numbers
of infecting organisms, below the detection limits of the
assay. Limiting the studies in the meta-analysis to those that
have detected MAP in at least 1 sample either from a patient
with CD, UC, or a control did not alter the results.

The exclusion of the study with a different target se-
quence?? did not alter the results. A number of studies in-
cluded immunosuppressed patients. The results of this review
showed no association with reported use of immunosuppres-
sive agents in the study population; however, the majority of
studies did not explicitly look for an association. Authors
reporting negatives results have argued that contamination is
a major factor in the detection of MAP.2* Unfortunately, due
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to variation in techniques for reducing contamination and
limitations of the data available in published articles, this
factor was not assessed. The use of appropriate controls and
the meticulous steps taken by most of the studies suggest that
this is unlikely to be the explanation for the detection of
MAP

There are other factors that may be associated with
differences in the ability of the studies to detect MAP that we
did not investigate. These include limitations of sampling
techniques, failure to process fresh tissue samples (fixing
results in fragmentation of DNA), and the role of concomitant
use of antimicrobial drugs. Tissues from operative procedures
provide more quantity and reduce sampling errors, but it is
unclear whether patients with early lesions are more likely to
have MAP compared with those that have developed com-
plications requiring surgery.?” Sampling error due either to
low abundance of MAP in tissues or lower numbers in
nongranulomatous tissue has been suggested as an explana-
tion for studies failing to detect MAP. Laser capture micro-
dissection techniques have been used to specifically isolate
granulomas that were subsequently assayed, resulting in the
detection of MAP more frequently in CD patients compared
to controls.3® However, the authors of the same report de-
tected the DNA of other bacteria more frequently in CD
tissue compared to controls using the same technique.>® Fur-
thermore, other studies?*2S that include intestinal granulomas
and lymph nodes failed to detect MAP, while some detected
the organism in various sites including noninflamed tissue.*!
This meta-analysis did not show that investigating granulo-
mas is a significant source of heterogeneity. Considerable
heterogeneity remained after controlling for the effect of all
the factors investigated.

It is unlikely that similar studies using PCR assays are
going to change the current state of evidence. Our analysis
demonstrates that there is an association between MAP and
CD, across many sites, by many investigators, and controlling
for a number of factors. While the summary effect measures
from this study show an association between CD and MAP,
this association remains controversial and inconclusive. Fu-
ture studies should determine whether there is a pathogenic
role. Such studies should also assess the evidence of tempo-
rality and specificity of the association.
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