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Acute Inflammatory Response in the Stomach of BALB/c Mice
Challenged with Coccoidal Helicobacter pylori

EMA Rabelo-Gongalves ™, NF Nishimura, JMR Zeitune

Laboratdrio de Bacteriologia, Centro de Diagndéstico de Doencgas do Aparelho Digestivo-Gastrocentro, Universidade Estadual de
Campinas, Rua Carlos Chagas 420, 13083-970 Campinas, SP, Brasil

An experimental murine model was used to verify the viability and pathogenicity of ddetoabacter pylori.
For this purpose, 27 BALB/c mice were inoculated intragastrically with 1 ml broth cultufer¢thisms/ml) of a
coccoid H. pyloriclinical isolate. The animals were divided into two groups. Nine were infected on a one-time basis
(GA1) and 18 were infected on two consecutive days (GA2). Other 27 mice were inoculated with Brucella broth and
divided in the same way; they composed the control group. Mice were killed at 2, 3, 7, 14 and 21 days post
inoculation (pi). Fragments of stomach and duodenum were collected, fixed with 12% formalin and stained by
hematoxilin-eosin and Giemsa for histopathological examination. Until theddgttonly reinfected mice had mild-
to-moderate inflammatory infiltrate in the stomach. The infiltration was predominantly lymphomonocytic, although
plasma cells and eosinophils could be seen. However, at 21st day, severe eosinophilic infiltration was present in the
lamina proprieand submucosa of gastric corpus. In subgroup GA1, animals presented lymphomonocytic infiltration
in the stomach from 14ty pi. Our results showed that coccadid pyloriwas able to induce an acute inflammatory
response in stomach of reinfected mice since the initial periods of infection.
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Helicobacter pyloriis a gram-negative spiral bacte-ronments (Cellini et al. 1994b). Furthermore, cocddid
rium first isolated in 1982 from a patient with chronic acpylori may remain in the gastric mucosa after &htpy-
tive gastritis (Marshall & Warren 1984). Infection of thelori treatment of patients in three forms: a degenerative
human gastric mucosa By. pylori is associated with dead form, a viable non-culturable form and a viable
gastritis, peptic ulcer disease and gastric cancer (Ghiamalturable form (Andersen et al. 2000).
et al. 1995, Takahashi et al. 1998). The bacterium is now Although several investigators have suggested that
considered the most prevalent organism that occurs dnccoidH. pylorirepresents a degenerative form with no
humans; about 50% of the human population is estimatédectious capability, others have reported that it retains a
to be infected (Fox et al. 2000). weak metabolic activity, important structural components

H. pylori, as well ad/ibrio-like bacteria, shows two and pathogenicity (Mizoguchi et al. 1998). It has been
different morphologic aspects: spiral and coccoid forngescribed that coccoid form may play a role in the trans-
the latter observed in vivo and induced in vitro undemission of bacteria and may be involved in the recrudes-
stress conditions (Cellini et al. 1994a, 1998, Kusters et aknce or relapse of infection after antimicrobial therapies
1997, Lee etal. 1997, Donelli et al. 1998). These conditiof3anas et al. 1995, Shirai et al. 2000). Some authors have
include aerobiosis, alkaline pH, high temperature, extendeelated that coccoid forms can be found attached to se-
incubation, treatment with a proton pump inhibitor or anverely damaged gastric epithelial cells and are prevalent
tibiotics and exposition to nitric-oxide generators in vitraround margins of gastric tumors (Chan et al. 1994, Cole
(Cole etal. 1997, 1999, Mizoguchi et al. 1998). etal. 1997). In fact, this form can be identified in 93% of

During infection the majority oH. pylorihave a ba- biopsy specimens from patients with pylori-associ-
cillary appearance; however, coccoid forms can be fourated adenocarcinoma (Cole et al. 1997). Other researchers
in human stomach and duodenum (Chan et al. 1994, Chlave demonstrated that coccéld pylori exhibits anti-
etal. 1997, Kusters et al. 1997). The morphological cogenic components absent in the bacillary forms and rec-
version from bacillary to coccoid form can represent aognized by sera of infected patients (Benaissa et al. 1996).
adaptation of the bacteria to survive in unsuitable envAdditionally, successful infection with coccoid forms of
H. pylori or Campylobacter jejunin animal models has
been reported (Jones & Curry 1991, Cellini et al. 1994a,
Wang et al. 1997).

In the present study, we performed a murine experi-
mental model foH. pyloriinfection to verify the viability
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SP, Brazil and maintained under specific pathogen free RESULTS

(SPF) conditions. They were 6-8 weeks old when chal- y15rqscopic findings No visible gastric and duode-
lenged. During experimental period, mice were fed with g 5jterations were seen in the mice to whictpylori
sterilized commercial rodent diet and with sterilized wat€fere administered.

ad libitum. They were maintained in an ordinary environ- Microscopic findings No gastrointestinal erosion or

ment. This study was performed with the approval of th@ceration was seen in the inoculated animals. During the
Biological Insﬂtute/Umca_mp Ethical Committee for Ani- .ot caven days pi, only mice reinfected with pylori

mal Research (authorization 80-2, 1999). (subgroup GA2) showed mild-to-moderate inflammatory

Bacterial isolation- A fresh clinical isolate off. py-  injjtrate in the stomachp(= 0.0277). In this period, lym-

lori, obtained from a patient with active duodenal ulce hocytes and macrophages composed the infiltrate, al-
was used in our study. The rapid urease test was positiys, ih eosinophils and plasma cells were present. In-
for this patient. The strain was isolated in Belo Hor'zongammation was mainly restricted to the gastric corpus
Medium (BHM) (Queiroz et al. 1987), at seven days ol cells were generally accumulated inlgreina pro-

incubation at 37°C under microaerophilic atmosphergi, anq submucosa. Some animals exhibited infiltration
(Microaerobac, Probac, Séo Paulo, SP) in an anaerobicijak,e corpus mucosa. After the 14th day pi, the infiltra-

(Difco Laboratories, Detroit, Michigan, USA). After iso- j5n pecame severe and was composed by the same popu-

lating, the bacteria was identified by Gram staining angion of inflammatory cells (Fig. 3). However, mice in-
biochemical tests of urease, catalase and oxidase.  {qcteq at this period had a substantially diminished mono-
Bacterial inoculum -After isolation on agar plates, cjear infiltration in the stomach, whereas their eosino-
the strain was inoculated in Brucella Broth (Difco Labora[—)h”iC response was significantly higher (Fig. 2). The gas-
tories) supplemented with 2% fetal calf serum (FCS) (Difcic corpus was still the region where cells were predomi-

Laboratories) and incubated under microaerophilic atmey, )y seen. In all periods analyzed, the glandular corpus
sphere at 37°C without agitation for 72 h to obtain thg,q preserved without loss of chief and parietal cells.
coccoid morphology. The density of bacteria in the brofeyertheless, until the 14th day, mild infiltrate was ob-
culture was adjusted according to methodology preVispyeq in the pylorus of two animals in this subgroup.
ously described (Shomer et al. 1998), to a concentration |, ihe subgroup where animals were inoculated on

of approximately 19organisms/mi. _ _ one time-basis (GA1), lymphomonocytic infiltration with
_Experimental design Twenty-seven mice were di- pjasma cells and eosinophils could be observed from the

vided into two groups: in GAL, 9 animals were inoculateq 4, 4ay (Fig. 4). At the 21st day the infiltration was mod-

intragastrically, with 1 ml of suspension, on a one-timgyate and the number of eosinophils was augmented. Fur-

basis, after one day of fasting, with an urethral pediatrifermore, an animal showed mild infiltration in the duode-
probe no. 04 (Embramed, Sao Paulo, SP, Brazil). In GAZ,, subm,ucosa at this period of infection.

iscir:ii\%agsa";’gre inoculated in the same way, 0N two CON- |, the control mice challenged with Brucella broth, the
; . . . nly histological changes were minimal numbers of in-
Other 27 mice were divided into two groups: in GBL, ﬁammatory cells in the stomach and duodenum.

animals were inoculated intragastrically, with 1 ml of Bru- Additionally, in the infected animals that presented

cella Broth supplemented with 2% FCS, in a one-time basqjammatory infiltrate, the biopsies stained by Giemsa
sis, after one day of fasting, with an urethral pedmtng ocedure exhibited bacteria mainly in the coccoid form;
probe no. 04 (Embramed, Sao Paulo, SP, Brazil). In GB2, i (ia in typical spiralled appearance were not seen (Fig.
animals were inoculated in the same way, on two COBy The number of organisms decreased during infection

secutive days. data not shown
Animals from each subgroup were killed by cervica? )

dislocation at 2, 3, 7, 14 and 21 days post inoculation (pi).
The stomach and duodenum were collected, washed with
sterile saline and divided for histopathological study. a7
Histopathology -Stomach and duodenum samples
were fixed in neutral 12% formalin and processed in the
usual way for parafin embedding. Five micrometer-thicle
sections were stained by hematoxilyn-eosin (H&E) ang ?|
Giemsa staining. The histophatological changes evalg-
ated were: the site of inflammation (corpus, antrum, pys
lorus, duodenum), its composition (Iymphomonocytic§
lymphoplasmacytic, eosinophilic), its intensity (mild, mod=
erate, severe), level of the infiltrate in the gastric wall and
possible presence of erosions or ulcerations (Cellini et al.
1994a). In the smears stained by Giemsa, the presence of-
H. pyloriwas assessed using immersion (X1000).
Statistical analysis Data obtained in the present Time [days]

study were compared by Fischer’s Exact test and consitl. 1: number of animals with inflammatory infiltrate in the gas-
ered significant at values pk 0.05. tric corpus. GAl-animals inoculated on a one-time basis; GA2-
animals inoculated on a two consecutive days.

p=0.0277 p=0.0277  p=0.0277 p=1.000 p=1.000
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DISCUSSION GA1l and GA2 at the 21th day, this difference was not
The histopathological findings we described in thistatistically significantig = 1.000). We believe these dis-
report showed that our experimental model of BALB/ECrdant results may be a consequence of the evallie
mice infection, with a coccoid strain f. pylori, was W€ Used in our experiments.

established since the initial periods of infection when " relation to conversion of coccoid to bacillary form,

animals were challenged on two consecutive days. THE verified that bacteria were not able to conversion in
gur experimental study (Fig. 5). Different results were pre-

inflammatory infiltrate was observed since the 2nd da e ;
after reinoculation, although the number of animals witR€nted by Cellini et al. (1994a) who described the rever-
sion of fresh coccoid forms in the mouse stomach. These

infiltration diminished significantly f the 14thd >, . > N
fivaton diminied sgnicantyrom he L4 dey p 7 o Esh coccor s e e o, Tre

searchers we verified that these authors had more seVve?Ec0ids, although strain diversity, contamination with

histopathological alterations at delayed periods of infeSPIral forms, and differential host species specificities
tion (Cellini et al. 1994a, Wang et al. 1997). should be considered (Mizoguchi et al. 1998).

In our rodent model there were no severe lesions like, Analyzing the population of inflammatory cells in the
gastritis, duodenitis or peptic ulcer in any of inoculateffifiltration, we observed eosinophils presence since the
mice. However, some reinoculated animals showed an #itial periods of infection, but they became predominant
tense infiltration in the gastric corpus at 2day pi (Fig. °nly atthe 21th day in subgroup GA2 (Fig. 2). Cellini etal.
3). Similar results were described by Sakagami et al. (199gP94@) described similar findings in their experimental
who related that bacteria were almost exclusively locatégu"ne rrr]]_(l)d_el c;]f crc])ccaHI. p%/llon infection. Thg rolczHgf
in the antral glands, while the inflammatory changes wef©SINOPNIlS in the human chronic gastritis induceei by
restricted to the body of the stomach. In contrast, Wary!0ri has been studied by several authors. In the human
et al. (1997) have found that pylorus and duodenum Blfection. McGovern etal. (1991) reported an increase in
BALB/c mice infected with a coccoid strain kf pylori infiltration and degranulation of eosinophils in patients
were more affected by the organism. In our study, we JWith gastritis evoked by the organism. The authors sug-

npested that duringd. pyloriinfection there is an increase
of one infected animal at the 21st day. Considering th} Scretion of IgA by plasma cells; it promotes eosino-
these authors accompanied the infection during 30 wee ,|I|c influx and degranulation, favouring the antral dam-

we believe that a longer period of infection is necessac%ge' In the murine infecfcic;ln, Fefrr?ro et al. |(|1997) _ha\;]e
to obtain inflammation in the lower gastrointestinal tracfescribed an increased influx of plasma cells and in the

of mouse. secretion of IgA in mice infected with. felis Our results,
Although Fig. 1 shows an important difference be@nalyzed in conjunction with studies previously done,
tween the number of animals with infiltration in subgroupSUg9est that the presence of plasma cells in the infiltra-
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Fig. 2: eosinophilic infiltration in the submucosa of mouse gastric corpus (GA2) at the 21th day post-inoculation. H&E. X400.
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tion induced byH. pyloriinoculation is an important fac- pria and submucosa of challenged mice (Fig. 3). Among

tor for ontogenesis and development of inflammatory rékhe inflammatory cells we frequently saw in {aenina
sponse in the mice stomach. propria, there were lymphocytes and plasma cells. These

We still observed the tecidual response to inoculatioresults are similar to data described by Karttunem et al.
of coccoidH. pylorideveloped mainly in themina pro- (1996) who related the prevalence of these cells in the

Fig. 3: general view of mouse stomach (GA2) at the 21th day post-inoculation. Severe infiltratecan be fmamatpropria
and submucosa. H&E. X100.
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Fig. 4: lymphomonocytic infiltration in the submucosa of mouse gastric corpus (GA1) at the 14th day post-inoculation. H&E. X400
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Fig. 5: coccoid forms oHelicobacter pyloriin the gastric mucus of mouse stomach (GA1) at the 2nd day post-inoculation. Giemsa. X1000.

lamina propriaof patients with chronic gastritis associ- |, painelli B 1994a. Coccoielicobacter pylorinot

ated withH. pylori. Other researchers have related that a culturablein vitro reverts in miceMicrobiol Immunol 38

heavy immune response mounteddamina propria of 843-850.

infected patients resulted from the presentation of lum@ellini L, Alocatti N, Di Campli E, Dainelli B 1994bielicobacter

nal H. pylori antigens to immunocompetent cells under-  pylori: a fickle germMicrobiol Immunol 3825-30. .

lying the gastric epithelium (Fiocca et al. 1994). Cellini L, Robuffo I, Di Campli E, Di Bartolomeo S, Taraborelli
Finally, it must be considered that these histopatho- . Painelli B 1998. Recovery dielicobacter pylorATCC

; : e i 43504 from a viable but not culturable state: regrowth or
logic alterations may represent more a gastritis similar to resuscitation APMIS 106571-579.

the post-immunization gastritis than a response due t(gﬁan WY, Hui PK, Leung KM, Chow J, Kwok F, Chi-Sing NG
true colonization. Furthermore, the finding that coccoid 1994 'Coccoid forms dfielicobacter pyloriin’ the human

H. pyloriwas able to induce an inflammatory response in  stomachAm J Clin Pathol 102503-507.

our experimental rodent model indicates that this form r&ole SP, Kharitnov VF, Guiney DG 1999. Effect of nitric oxide
tains important pathogenic properties and requests fur- onHelicobacter pylorimorphology.J Infect Dis 1801713-
ther studies to elucidate its pathogenicity and relation- 1717.

ship with gastroduodenal disease. Cole SP, Cirillo D, Kagnoff MF, Guiney DG, Eckmann L 1997.
Coccoid and spirdHfielicobacter pylordiffer in their abili-
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