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ABSTRACT

Background. The increase in the number of cases of generalized tuberculosis infection
with intestinal damage, especially in HIV-positive patients, underscores the need for fur-
ther study of this problem. Tuberculosis is transmitted by airborne droplets; however,
there are known cases of intestinal tuberculosis in which infection occurred through
the alimentary route. Since such cases are extremely rare, there are likely specific im-
munological and epidemiological conditions that allow Mycobacterium tuberculosis
to penetrate the intestinal wall and develop primary inflammation.

The aim. To study the possibility of an alimentary route of tuberculosis infection in im-
munocompetent and immunocompromised individuals using a reproducible rabbit
model.

Materials and Methods. The experiment involved rabbits, divided into three groups.
Animals were orally administered a suspension of a standard laboratory isolate My-
cobacterium tuberculosis H37Rv. The first group included immunocompetent rabbits
immunosuppressed with infliximab, the second group had animals reinfected against
the background ofimmunodeficiency, and the third group included rabbits with a com-
bination of drug-induced immunosuppression and chemically induced enterocolitis.
To assess the results of infection, clinical observation, detection of MTB DNA in feces,
skin test with ATR, pathoanatomical, histological and molecular genetic examination
of organs were used.

Results. Despite the temporary shedding of MTB DNA in feces (60-70 %), no signs
of tuberculous inflammation in the organs were present in animals in groups 1 and 2.
In group 3, macro- and microscopic signs of tuberculosis were detected in the lungs
of 83.3 % of the animals and in the mesenteric/intrathoracic lymph nodes of 58.3 %.
At the same time, no specific granulomatous intestinal lesions were found in any
of the groups.

Conclusion. The development of tuberculous enterocolitis in rabbits following oral in-
fection is unlikely. The alimentary route of infection can lead to generalized tuberculo-
sis only when two key predisposing factors are present: systemic immunosuppression
and previous damage to the intestinal barrier.

Keywords: experimental tuberculosis, alimentary route of infection, animal model,
rabbit, model of tuberculous enterocolitis, erosions and ulcers of the intestine, dis-
semination
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PE3IOME

O6ocHosaHue. YsenuyeHue Huc/ia Cry4des 2eHepasnau3o8aHHol mybéepkynesHol
UHbeKyuu ¢ nopaxeHuem KUWeYHUKd, 0cobeHHo y BUY-no3umusHeix nayueHmos
oukmyem Heobxo0uMocmb OdasbHeliwe20 usyyeHusa 0aHHoU npobnemsl. Tybepkyne3
nepedaemcs 8030yWHO-KanesibHbIM Nymem, 00HAKO U38eCmHbI C/Iy4au mybepkysesa
KUWeYHUKd, NpU KOMOpbIX UHGUUUPOBAHUE NPOU3OWJIO dIUMEHMApHbIM Nymem.
[Mockonbky makue ciyuau KpatliHe pedKu, 8epOSMHO, Cywecmayrom ocobeie UMMY-
HoJsl02u4ecKue U 3nudemuosioeuyeckue ycao8us 019 npoHUKHogeHua Mycobacterium
tuberculosis 8 cmeHKy KUWKU U pa3sumus 8 Heli Nnep8uYHO20 80CNAJIEHUS.

Lleneto Hacmoswe2o uccie008aHUs A8/19eMCA U3yyeHue 803MOXHOCMU a/lUMEH-
MApHoz0 Nymu 3apaxeHus mybepkyne3Hol uHgpexyuel y UMMYyHOKOMNEemeHMHbIX
U UMMYHOKOMNPOMeMUpPOBAHHbIX 0cobell Ha 80CNpouU3800UMOU Kposiuybeli Modesu.
Mamepuanel u memoOdel. B 3kcnepumerme 6bi/1U UCNO/16308AHbI KPOJIUKU, pacnpe-
OesieHHble Ha Mpu 2pynnbl. XUBOMHbIM NepopdsibHO 8B0OUJTU CYyCNeH3UIO Ky1bmypbl
cmardapmHozo iabopamopHozo wmamma Mycobacterium tuberculosis H37Rv. lNep-
8as 2pynna eKYana UMMyHOKOMNEMEHMHbIX U UMMYHOCYNPeCCUpOBaHHbIX UH-
hukcumabom KposIUKO8, BMopds — KUBOMHbIX C NOBMOPHbLIM 3apaxeHUeM Ha hoHe
uMMyHoOeguyuma, mpemos — KpOJIUKO8 C KOMOUHAYuel MeouKaMmeHmMo3HoU UMMY-
HoCynpeccuu U Xumuyvecku UHOYYUpOBAHHO20 3HMepoKoIuma. [Jis oyeHKku pesysb-
mamoe 3apaeHus Ucnosb308asu KIUHU4Yeckoe HabmooeHue, demekyuto JHK MBT
8 Karse, KoxHyto npoby ¢ ATP, namo1020aHaMoMuyecKkoe, 2ucmosioeudeckoe U MoJsie-
Ky/IApHO-2eHemuyecKoe ucc/iedo8aHue op2aHos.

Pesynemamel. Y xusomHuix 1-0 u 2-U 2pynn, HeCMOmMps HA 8peMeHHOe 8bioesieHue
JHK MBT ¢ kanom (60-70 %), npusHaku mybepKysie3Ho20 80CNasieHUs 8 0p2aHAx om-
cymcmeosanu. B 3-U epynne Makpo- u Mukpockonuveckue npusHaku my6epkysnesa
8bisig/ieHbl 8 JleeKux ¥ 83,3 % XUBOMHbLIX U 8 Me3eHMepUasbHbIX/8HYMpuU2pyOHbIX
numgamuyeckux y3nax y 58,3 %. lpu smom cneyuguyeckozo 2pdHynemMmamo3Ho20
nopaxeHus KUWEYHUKA He 06Hapy»xeHo HU 8 00HOU U3 2pynn.

3aknryenue. Pazgsumue mybepKyie3Ho20 3HMepPOoKoaUMd y KposIukos npu nepo-
PpasIbHOM 3APaXxeHUU Maao8eposmHo. AluMeHmMapHsil nyme UHGUUUPOBAHUS MO-
XXem npugooUMb K 2eHepanu308aHHOMY my6epKysie3y mosibKo npu coyemaHuu 08yx
K/lo4esbix npedpdcnosazarouux pakmopos: cucmemHol UMMYHOCYnpeccuu u npeo-
wecmeayroujezo nospex0eHus Kuwe4yHozo bapbepa.

Knioyeesie cnoea: sxcnepumeHmarsHoil mybepkynes, aaumeHmapHsit nyme 3apd-
JKeHUS, XXUBOMHAs MOOesIb, KpOJIUK, MOOesb mybepKy/1e3H020 SHMepPoKoaUMd, 3po-
3UU U A38bl KUWEYHUKA, QucCeMUHauus
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INTRODUCTION

Despite significant progress in the fight against tuber-
culosis (TB), it continues to be a global infectious threat
to the world’s population. The HIV pandemic, the use
of genetically engineered biological drugs (interleukin
inhibitors) and glucocorticoids, as well as comorbid con-
ditions such as diabetes mellitus, autoimmune and onco-
logical diseases have created a significant number of im-
munocompromised patients. In these individuals, there
have been an increasing number of cases of generalized
and extrapulmonary TB, including abdominal involve-
ment [1]. Among all forms of abdominal TB, enterocolitis
is the most severe and can lead to complications such
as perforation, bleeding, and intestinal obstruction [2].
Animal models can be used to study the routes of in-
fection, disease pathogenesis, and test new therapeutic
approaches.

Over the past several decades, extensive research has
demonstrated that rabbits can be used as a suitable model
to study pathological processes caused by Mycobacterium
tuberculosis (MTB). This includes active TB and latent TB in-
fection. The outcome of infection in rabbits is determined
by the nature of the MTB strain that infects them, the in-
oculum dose, and any prior vaccination. Rabbits are also
an excellent model to study extrapulmonary TB, as their
clinical signs, disease progression patterns, and immuno-
pathological reactions are similar to those seen in humans
[3, 4]. Outbred rabbits have been shown to be relatively
resistant to intravenous and aerosol infection with MTB
cultures, and usually recover from infection within 4-6
months. After experimental aerosol infection, rabbits de-
velop pulmonary granulomas and, in some cases, cavities
that resemble those seen in humans [5].

In most cases, TB is transmitted via the airborne route.
After the development of the primary focus in the lungs
or mediastinal lymph nodes, the disease spreads to other
organs and tissues through lymphohematogenous dis-
semination, when the immune system is weakened [6, 7].
However, there have been reports of cases of intestinal tu-
berculosis where infection occurred through the alimen-
tary route, either through consumption of contaminated
milk or ingestion of sputum [7]. These cases are extreme-
ly rare and specific immunological and epidemiological
factors likely allow MTB to penetrate the intestinal wall
and cause primary inflammation.

AIM
To study the possibility of an alimentary transmission

of tuberculosis in immunocompetent and immunocom-
promised individuals using a reproducible rabbit model.

MATERIALS AND METHODS

The experimental study was conducted on 32 male
Soviet Chinchilla rabbits, weighing 2540-3110 g [8]. All

173

animals were sourced from the Rappolovo Laborato-
ry Animal Nursery at the Kurchatov Institute Research
Center and were free from any visible signs of dis-
ease. Prior to the study, they underwent a two-week
quarantine period at a certified animal facility located
at the St. Petersburg Research Institute of Phthisiopul-
monology under the Ministry of Health of the Russian
Federation.

Rabbits were maintained underidentical conditions,
receiving a standard diet and water supply. All proce-
dures involving animals were carried out in accordance
with ethical principles outlined in the European Con-
vention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (CETS
No. 170) and in compliance with GOST 33216-2014
Guidelines for Handling Laboratory Rodents and Rab-
bits [9]. The study was approved by the independent
ethics committee of the St. Petersburg Research Insti-
tute of Phthisiopulmonology (Protocol No. 80.3, dat-
ed June 23, 2021), and fully complied with the decree
of the chief sanitary physician of the Russian Federation,
No. 4, dated January 28, 2021, which approved the san-
itary regulations, SanPiN 3.3686-21, on Sanitary and Ep-
idemiological Requirements for the Prevention of Infec-
tious Diseases.

A suspension of the standard international viru-
lent test strain Mycobacterium tuberculosis H37Rv was
used as the infectious agent. This strain was obtained
on August 7, 2013 from the Scientific Center for Ex-
pert Evaluation of Medicinal Products of the Ministry
of Health of the Russian Federation. The inoculum
dose used was 10° colony-forming units (CFU), which
corresponds to 0.1 mg/0.5 mL in 2 mL of saline solu-
tion for rabbits. This mycobacterial suspension was
administered orally using two enteric-coated gela-
tin capsules via a tablet dispenser (Neoterica Vetpro,
Russia).

Depending on the experimental infection condi-
tions, all animals were randomly divided into three
groups. Group 1 consisted of 10 rabbits, which were di-
vided into two subgroups: subgroup 1a (n = 5) receiving
oral infection without prior immunosuppressive treat-
ment, and subgroup 1b (n = 5) with prior drug-induced
immunosuppression. Group 2 (n = 10) consisted of rab-
bits with secondary drug-induced immunodeficiency,
who received oral infection twice with a 30-day interval.
Group 3 (n = 12) included rabbits with both drug-in-
duced immunodeficiency and chemical enterocolitis
induction, before receiving MTB-containing capsules
(Table 1).

To model drug-induced immunodeficiency, the lev-
els of tumor necrosis factor-alpha (TNF-a) were reduced
by administering the TNF-a inhibitor infliximab intra-
venously into the marginal ear vein. Infliximab is a chi-
meric murine-human monoclonal antibody produced
by BIOCAD, a Russian company, and was administered
at a dose of 16 mg/kg of body weight [10, 11].

Infliximab was selected as the immunosup-
pressive agent due to its ability to exhibit sufficient



cross-reactivity and neutralization of rabbit TNF-a in vivo
despite differences in amino acid sequences between
human and rabbit TNF-a. This has been confirmed
in studies using animal models of various immune-me-
diated inflammatory diseases [12, 13].

To induce non-specific colitis, 0.1 % and 0.5 % dex-
tran sulfate sodium solutions (DSS) (TdB Labs, Sweden,
CAS No. 9011-18-1, molecular weight 40,000 Mw) were
used, based on their safer concentrations and ability
to induce catarrhal and erosive-ulcerative inflammation
[14,15]. The rabbits were given water containing the DSS
solution via drinking bottles for 6 days (up to 1350 mL
on average). Six animals received 0.1 % DSS solution,
and the other six received 0.5 % DSS solution mixed
with fennel tea to mask the unpleasant taste and odor
of the solution.

During the course of the experimental study, an-
imals were monitored on a daily basis. Body weights
were recorded on days 20, 60 and 90 of the study.
On day 10, samples of rabbit feces were analyzed
for the presence of Mycobacterium tuberculosis DNA.
On day 35, a skin test using recombinant tuberculo-
sis allergen (RTA) was performed (Diaskintest, Rus-
sia). The test results were assessed 72 hours after
the test.

Euthanasia was carried out on day 90 after infection
by anesthetic overdose: propofol 70 mg and rocuroni-
um bromide 30 mg were administered intravenously.
During the necropsy, samples were collected for mor-
phological and bacterial examination from the great-
er omentum, small and large intestinal fragments,
mesenteric lymph nodes, heart, liver, spleen, kidneys,

TABLE 1

and lungs. Samples were also taken from the intes-
tines, lungs, lymph nodes, and omentum for molecular
genetic analysis.

Biological material was labeled and fixed in a 10 %
neutral buffered formalin solution. Microscopic analysis
was performed using a Nikon Ci-S microscope (Nikon
Corporation, Japan), with video-digital image process-
ing to archive and analyze the material. Histological sec-
tions were stained using hematoxylin and eosin as well
as the Ziehl-Neelsen technique. MTB DNA in the tissues
was detected using polymerase chain reaction (PCR),
employing the Amplitub-RV reagent kit from Syntol LLC
(Russia).

Data collection, correction, systematization,
and visualization were performed using Microsoft
Office Excel 2016. Statistical analysis was carried
out using Python v. 3.12 from the Python Software
Foundation’.

Qualitative data are presented in the form of ab-
solute numbers with percentages (%). Nominal data
were compared between groups using Pearson’s x? test
or Fisher’s exact test (when expected values were <10).
Quantitative data (body weight) are presented
as an arithmetic mean (M) * standard deviation (SD).
The Shapiro - Wilk test was used to assess the nor-
mality of the distribution. To evaluate body weight
dynamics within Group 3 (comparing paired samples
on days 2 and 10), a paired Student’s t-test was used
since the data distribution did not deviate from nor-
mality. Differences were considered statistically signif-
icant at p < 0.05 and a two-tailed significance level was
employed.

DISTRIBUTION OF ANIMALS INTO GROUPS AND TIMEFRAMES OF VARIOUS STAGES OF THE EXPERIMENT

Groups

Subgroup 1a (n=5)

Subgroup 1b (n=5)

Group 2 (n=10)

Group 3 (n=12)

1 https://www.python.org/

DSS

from day 1 to day 6

Infliximab MTB Euthanasia
- onday 1 on day 90
onday 1 on day 2 on day 90
ondays 1 and 29 on days 2 and 30 on day 90
onday9 onday 10 on day 90
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RESULTS

During the entire observation period, no differenc-
es or distinctive behavioral features were noted in rab-
bits from Groups 1 and 2. Both groups exhibited active
feeding and drinking behavior, and their average body
weight increased by 142 + 13.5 g every 30 days. In con-
trast, all 12 animals in Group 3 showed behavioral
changes from day 2 onwards. They exhibited lethargy,
apathy, hypodynamia, and decreased appetite. These
symptoms completely resolved by day 16 of the exper-
iment. Additionally, 9 out of 12 rabbits in Group 3 de-
veloped digestive disturbances (frequent loose stools)
on days 2-5 due to DSS administration, accompanied
by a transient body weight loss averaging 151 + 9.3 g
(p < 0.01, paired Student’s t-test). By the end of the first
month of the experiment, animals in Group 3 had be-
gun to gain weight actively, and by day 30 their ac-
tivity and feeding behavior did not differ from those
in Groups 1 and 2. Detection of MTB DNA in fecal sam-
ples on days 7-10 showed similar positive test rates
across groups: 6 out of 10 rabbits (60 %) in Group 1,
7 out of 10 (70 %) in Group 2, and 9 out of 12 (75 %)
in Group 3 (p = 0.74). Assessment of the skin test us-
ing recombinant tuberculosis allergen (RTA) showed
erythema and papule formation only in 8 rabbits
from Group 3 (66.7 %).

At the time of autopsy, there were no signs
of tuberculous inflammation in the major or-
gans and tissues of the animals in Groups 1 and 2.
In the myocardium of most rabbits, there was moder-
ate hydropic degeneration of cardiomyocytes, stromal
edema, and venous congestion. In the liver, the most
common findings (75 %) were moderate venous con-
gestion, hepatocyte degeneration, mild focal lym-
phoid infiltration of individual portal tracts, or mild
fibrosis. No pathological changes were observed
in the kidneys. The serous membranes of the tho-
racic and abdominal cavities remained unchanged

FIG. 1.

in all animals. Signs of non-specific mild to moderate
enteritis were present in four animals (20 %). Nota-
bly, rabbits that received the TNF-a inhibitor showed
indirect signs of immunosuppression (in the spleen
and lymph nodes), such as reduced follicle size, indis-
tinct follicle borders, a weak macrophage response,
and congestion in the splenic red pulp. In the lungs
of 13 animals (65 %), signs of non-specific bronchitis,
pneumonia, or lung abscess were observed (Fig. 1).
Bacterioscopic and molecular genetic methods did
not detect acid-fast bacilli (AFB) or MTB DNA in any
of the examined organs and tissues of the animals
in Groups 1 and 2, while specific signs of tuberculous
inflammation were detected in the rabbits in Group 3.

The autopsy of rabbits from Group 3 showed
macroscopic signs of complete tuberculous infection
in the lungs in 10 animals (83.3 %), as well as enlarge-
ment of mesenteric and intrathoracic lymph nodes in 7
animals (58.3 %). The examination of small and large
intestine loops revealed signs of serous edema, tran-
sient areas of visceral peritoneal hyperemia, and ero-
sion or shallow ulceration on the mucous membrane
in 75 % of cases (n = 9).

The histological examination of intestinal tissue did
not reveal any specific granulomatous reaction in any
of the animals. Instead, the observed changes were
consistent with a non-specific enterocolitis, character-
ized by submucosal edema, leukocytic infiltration, vil-
lous atrophy, and the presence of erosions (Fig. 2). AFB
were not detected in the intestinal tissues using Ziehl -
Neelsen staining, and MTB DNA was not detected in any
of the samples analyzed using PCR.

In individual mediastinal and mesenteric lymph
nodes (n = 7; 58.3 %), disruption of the lymphoid tissue
architecture was observed, due to the formation of ep-
ithelioid cell granulomas with caseous central mass-
es. The lymphoid tissue was preserved in subcapsular
regions. The granulomatous inflammation consisted
primarily of activated macrophages with abundant

A - gross specimen: rabbit lungs with signs of pneumonia; B - lung tissue with signs of nonspecific acute purulent endobronchitis,
hematoxylin and eosin staining, scale bar 50 um; C — acute abscess in rabbit lung tissue; hematoxylin and eosin staining, scale bar

100 um
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cytoplasm, epithelioid cells, and occasionally Langhans
giant cells. Sections stained with the Ziehl - Neelson
method revealed numerous microcolonies of acid-fast
bacilli (Fig. 3).

Detection of MTB DNA in lymph node tissue sam-
ples yielded positive results for 5 samples (41.7 %).
The granulomatous inflammation was detected
in the spleens of 3 rabbits (25 %) (Fig. 4).

Examination of lung tissue from 10 animals (83.3 %)
in Group 3 revealed tuberculous inflammation of vary-
ing severity. There was a predominance of destructive

FIG. 2.

forms and the formation of small cavities. Numerous
dystelectases, as well as productive and alterative ep-
ithelioid cell granulomas with central caseous necrosis,
were observed in the alveolar pattern (Fig. 5). There
was also moderate interstitial inflammation with an ex-
udative component in the surrounding tissues. Single
AFB was detected in sections stained with the Ziehl -
Neelsen method. The kidneys, liver, and myocardium
of these rabbits also showed moderate signs of intox-
ication, including venous congestion, hemorrhage, de-
generative changes, and stromal edema in the internal

A - gross specimen: rabbit intestine (view of mucosa) with signs of enteritis; B — eroded intestinal mucosa with signs of active chronic
inflammation; hematoxylin and eosin staining, scale bar 100 um; C - intestinal mucosa with signs of chronic inflammation, superficial
microerosions with translocation of microbial flora under the epithelium of the extrusion zone; hematoxylin and eosin staining, scale

bar 100 um

FIG. 3.

A - gross specimen: enlarged mesenteric lymph nodes of the rabbit small intestine; B - tuberculous mesanteric adenitis with subtotal
involvement, formation of an extensive caseous-necrotic focus surrounded by an epithelioid cell wall with occasional Langhans-type
multinucleated giant cells, stained with hematoxylin and eosin, scale bar 200 um; C — acid-fast mycobacteria in the cytoplasm of epi-
thelioid cells and freely present in necrotic masses of the affected lymph node, Ziehl - Neelsen staining, scale bar 10 um
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organs. Reactive changes and blurred follicular struc-
tures were noted in the immune system organs (spleen
and other lymph nodes).

Therefore, in rabbits from Groups 1 and 2, even un-
der conditions of immunosuppression and repeated
oral exposure, no signs of tuberculous inflammation
were detected. In contrast, the vast majority of animals
in Group 3 exhibited pulmonary and lymph node foci
of tuberculosis, with no granulomatous involvement
of the intestines.

DISCUSSION

The alimentary route of tuberculosis transmission
is considered in the literature as an additional route
of infection [16, 17]. Additionally, the development
of tuberculous enterocolitis has also been associated
with the consumption of contaminated dairy prod-
ucts or the ingestion of infected sputum in the pres-
ence of a primary pulmonary tuberculosis focus [18].
Experimental evidence supporting these assertions
was obtained over a century ago and was primarily
descriptive. For instance, in 1868, J.A. Villemin added
sputum from tuberculosis patients to the diet of sever-
al guinea pigs and euthanized the animals after three
months. Upon autopsy, erosive changes were observed
in the small intestine and cecum, although histological
or culture confirmation of tuberculosis infection was
not provided in this study [19]. Later, in 1933, M. Mc-
Conkey and D.T. Smith conducted a series of similar
experiments. Seventy-two adult guinea pigs were fed
a diet mixed with infected sputum on a daily basis
for four months. Half of the animals were maintained
on a diet that was partially deficient in ascorbic acid.

FIG. 5.

Of these, 26 guinea pigs developed ulcerative intes-
tinal tuberculosis. Among the remaining 35 animals,
whose diet was supplemented with adequate vitamin
C, only two were found to have intestinal tuberculosis
with ulcers [20].

Commenting on the results of these experi-
ments, one can note an undeniable methodological
error in the choice of model animal. Guinea pigs are
well known to be extremely sensitive and susceptible

FIG. 4.

Tuberculous inflammation in the spleen tissue with the forma-
tion of irregularly shaped productive epithelioid-cell granulomas
containing occasional Langhans-type multinucleated giant cells,
stained with hematoxylin and eosin, scale bar 50 um

A - gross specimen: lungs of a rabbit with caseous pneumonia. B, C - Tuberculous inflammation in lung tissues: subpleural aci-
nous-nodular confluent productive epithelioid-cell granulomas (B) with Langhans-type giant multinucleated cells and caseous-ne-
crotic foci (C), stained with hematoxylin and eosin, scale bar 100 um (B), 50 um (C)
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to Mycobacterium tuberculosis infection through any
route of transmission, including the alimentary route
[21]. The digestive tract of guinea pigs does not con-
stitute a significant barrier to mycobacteria, but in ad-
dition to the intestine, the lungs and immune system
organs are likely to be affected as well [22].

The most reliable information regarding the al-
imentary route of infection in guinea pigs was ob-
tained from an experiment conducted by J. Gao et al.
in 2018 [23]. In the experimental group, animals were
administered 100 mL of drinking water containing
2 x 107 CFU of the standard MTB strain H37Rv via drink-
ing bottles for 8 hours. Euthanasia was performed
atthe end of the 4-month experiment. Granulomatous
lesions were found in the lungs, spleen, and lymph
nodes of the animals, and culture of homogenates
from these tissues demonstrated the growth of MTB
colonies on solid media after 1.5 months. At the same
time, no specific changes indicative of tuberculous
enterocolitis were detected in histological sections
from various intestinal segments. It should be noted
that the experimental animals were fed commercial
feed that contained sufficient ascorbic acid. This may
represent one of the factors in the immune defense
and enteroprotective effects that prevent the devel-
opment of inflammation in the intestinal wall [23].

Using the PubMed and Scopus databases, no
publications were found on the alimentary infec-
tion of rabbits with MTB or on the modeling tuber-
culous enterocolitis in this species. The only excep-
tion is the study conducted by V.G. Shtefko (1941),
who administered adrenaline intraperitoneally
to rats and rabbits followed by intravenous infec-
tion with M. tuberculosis emulsion [24]. According
to the author, this combination led to the develop-
ment of ulcerative intestinal tuberculosis in 70-80 %
of the surviving animals. However, most of the rabbits
and rats died due to adrenaline shock. It is import-
ant to note that the reliability of these data is ques-
tionable, as the study lacks evidence that the ulcers
were of a tuberculous origin. It is more likely that
“stress-induced” adrenal ulcers of the intestine were
described [25].

In the current study, we were also unable to repli-
cate either infiltrative or erosively-ulcerative tubercu-
lar enterocolitis. However, we obtain reliable evidence
of alimentary infection in laboratory animals, result-
ing in the development of generalized forms of tuber-
culosis. Despite the vulnerability of the rabbit’s intes-
tine (due to its weak motility and physiological stasis),
the immune system of these animals adequately re-
sponds to the presence of MTB in the food bolus [26,
27]. According to our observations, when immuno-
competent rabbits are orally infected with mycobac-
terial suspensions, tuberculous inflammation does
not develop due to the natural immune barrier pro-
vided by intestinal epithelial cells, immunocompe-
tent agranulocytes, and immune proteins prevents it.
Most likely, the majority of the pathogen is destroyed

178

in the intestine and undergoes temporary migration
through the gastrointestinal tract, as seen in rabbits
from Groups 1 and 2, where positive MTB DNA was
detected in fecal samples. Drug-induced immunosup-
pression and repeated exposure to MTB suspension
did not significantly contribute to the development
of localized or systemic tuberculous inflammation
in rabbits in Groups 1 and 2, as demonstrated by skin
testing with RTA and post-mortem examination.

In contrast, data obtained from the autopsy of rab-
bits in Group 3 indicate that under conditions of sys-
temic immunosuppression and disruption of the in-
testinal immune barrier (DSS-induced enterocolitis),
MTB penetrates the intestinal wall. However, specific
inflammation in the mucosal and submucosal layers
does not develop, or it is abortive. Nevertheless, in-
volvement of the mesenteric lymph nodes in approx-
imately half of the cases (58 %; p = 0.001) may indi-
rectly indicate MTB penetration from the intestine
to these nodes, with formation of a so-called primary
tuberculous complex, and subsequent persistence
of MTB in the lymphoid tissue. This conclusion is sup-
ported by a positive RTA skin testing in 76 % of cases.
The autopsy findings of rabbits in Group 3 suggest
that, against the background of immunodeficiency,
generalization of the infection occurs with lympho-
hematogenous involvement of the spleen (25 %;
p = 0.063) and lungs (83 %; p < 0.001). Therefore,
it is only when two predisposing factors are present
in combination (immunosuppression and inflamma-
tion-induced damage) that favorable conditions are
created for the entry of Mycobacterium tuberculosis
into the intestinal wall and subsequent circulation,
contributing to the development of tuberculous
lymphadenitis, splenitis, and pulmonary tuberculosis,
without typical intestinal involvement.

RESUME

Oral administration of M. tuberculosis to immu-
nocompetent rabbits does not lead to the develop-
ment of tuberculous enterocolitis or generalized tu-
berculosis, despite the temporary shedding of MTB
DNA in the feces. This indicates a transient presence
of mycobacteria in the intestine. Neither drug-induced
immunosuppression nor repeated oral challenges are
sufficient to overcome the intestinal barrier and cause
specific tuberculous inflammation in the intestines
or other organs.

The combined effect of immunosuppression
and chemical damage to the intestinal mucosa
(DSS-induced enterocolitis) creates conditions for MTB
to penetrate into the systemic circulation, leading
to the subsequent development of tuberculous lymph-
adenitis (58.3 %) and destructive pulmonary tuberculo-
sis (83.3 %).

The absence of granulomatous inflammation
in the intestine following alimentary infection,



in conjunction with lesions in the lungs and lymphat-
ic system, suggests that the intestine acts as a barrier
that is overcome by mycobacteria only when its pro-
tective properties are severely compromised, with sub-
sequent infection progressing via lymphohematoge-
nous dissemination.

The rabbit is an adequate model for studying
the alimentary route of tuberculosis infection, particu-
larly for analyzing the conditions that promote systemic
dissemination of the infection without the formation
of a primary intestinal focus.

Detection of MTB DNA or AFB in feces does not
serve as reliable evidence of either tuberculous entero-
colitis or tuberculosis infection in general.

CONCLUSION

The present study demonstrates that the alimen-
tary route of tuberculosis infection requires not only
the presence of the pathogen in the intestinal lumen,
but also a significant disruption of local and system-
ic immune defense mechanisms. These findings are
significant for comprehending the pathogenesis
of rare cases of abdominal tuberculosis in humans,
and they confirm the role of the intestine as a po-
tential route of entry for the infection under specific
circumstances.
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