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Abstract

Background: Oral cavity has been proposed as an important reservoir of H.pylori, being implicated in bacterial transmission through oral-
oral route. However, some investigators believe that the newborn acquires H.pylori from mother through vaginal delivery. In this study, oral
and vaginal yeasts were examined for the intracellular occurrence of H.pylori and their possible role in bacterial transmission.

Methods: Sixty nine oral and vaginal yeasts from expecting mothers (39 oral and 30 vaginal) and seven oral yeasts from neonates(6/46
vaginal delivery, 1/43 cesarean) were identified and studied by light and fluorescent microscopy for observing the intracellular bacterium-
like bodies(BLBs). Whole DNAs of yeasts were recruited for detection of H.pylori-specific genes. Urea breath test (UBT) was performed for
detection of H.pylori infection in mothers. Stool antigen test (SAT) was used for detection of H.pylori antigens in infants’ stool at birth and
six months of age.

Results: Oral yeasts were isolated more frequently from normally-delivered neonates. The frequency of H.pylori genes in mothers’ vaginal
yeasts was significantly higher than in mothers’ oral yeasts. A significant correlation was found between the occurrence of H.pylori genes
in vaginal yeasts and that in neonates’ oral yeasts, occurrence of H.pylori genes in mothers’ vaginal yeasts or neonates’ oral yeasts, and
UBT+ results in mothers.

Conclusion: C.albicans which colonizes the oral cavity of neonates through vaginal delivery or contact with environment or healthcare
workers could be an important reservoir of H.pylori. Vaginal yeasts are more potent in accommodating H.pylori than oral yeasts. Accord-
ingly, vaginal yeast is proposed as the primary reservoir of H.pylori which facilitates H.pylori transmission to neonates.
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Introduction

tudies until now have described that infection of Helico-

bacter pylori is primarily acquired in early childhood.**

Person-to-person spread within the family appears to be the
predominant mode of H.pylori transmission.® Although it is not
clear how the bacterial infection initiates for the first time, a con-
siderable number of studies demonstrate that the infected mother
is the most important risk factor for childhood infection.>” It is
believed that mothers could transmit H.pylori to their infants
through mouth secretions,® using common spoons, the licking of
pacifiers, the teats of feeding bottles, or even by chewing or tast-
ing of the child’s food.® Furthermore, poor hygienic practice dur-
ing childhood such as lack of tooth brushing habit has been impli-
cated in increasing the risk of H.pylori infection.’® These indicate
that oral cavity could be considered as the primary site of coloni-
zation and an important reservoir of H.pylori. However, there is
no strong evidence to support the idea that plaque and saliva cre-
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ate sufficiently favorable conditions for H.pylori survival and
growth.! This is because occurrence of H.pylori in the oral cavity
has been mainly demonstrated by detection of H.pylori genes'?
and not by culture.!3* In our previous studies, we could amplify
H.pylori-specific genes from the total DNAs of gastric' and oral®
yeasts and demonstrated the intracellular existence of H.pylori in-
side the vacuole of Candida yeast. It was proposed that Candida
which thrives in the mucosal surfaces of human body including
oral cavity, gastrointestinal(Gl), urinary, and genital tract'” could
serve as the reservoir of H.pylori and play an important role in
bacterial transmission to a new host.151618

Candida albicans is the yeast species which commonly colo-
nizes healthy adults and children as well as hospitalized patients.
Adherence to mucosal surfaces enables C.albicans to selectively
colonize the human host.® Mucosal surfaces of oral cavity and
vulvo-vaginal areas are the first and second most frequently colo-
nized areas of the human body, respectively.?® The oral carriage
rate in healthy individuals has been reported up to 75%.% A con-
siderable number (5% — 35%) of healthy women who are com-
pletely asymptomatic have positive vaginal culture for C.albicans
22 and the level of colonization can reach the most intensive level
of colonization than any other body site.*® Furthermore, the inci-
dence of vaginal yeast colonization during pregnancy has been re-
ported as 25% — 46%.*?* Candida spp in infants may be acquired
vertically from the mother when passing through the birth canal
via cutaneous contact or swallowing of fungi.?*? It is generally
recognized that colonization of newborns with Candida occurs at
the first few hours of life and the oral colonization is the common-



est among babies (26.7%).26%

In this study the role of mothers’ oral and vaginal yeasts in trans-
mission of H. pylori to neonates was assessed. Candida yeasts
from oral cavity and vagina of expecting mothers and those
from oral cavity of their neonates were examined for the intra-
cellular occurrence of H.pylori, using polymerase chain reaction
(PCR) for detection of H.pylori- specific genes in the total DNA
of yeasts. The relationship between harboring H.pylori- specific
genes by yeasts and the results of mothers’ urea breath test (UBT)
and neonates’ stool antigen test (SAT) were assessed.

Materials and Methods

Patients

108 pregnant mothers referred to delivery wards of Shariati and
Shahid Akbarabadi hospitals, Tehran University of Medical Scienc-
es (TUMS), were recruited in the study. Mothers were 21 — 39 years
old and asked about dyspepsia complaint. All the patients signed the
consent form and the study was confirmed by the Research Ethics
Committee of TUMS. Patients included 56 mothers with normal de-
livery and 52 with cesarean. UBT and sampling for isolation of oral
and vaginal yeasts were performed prior to delivery.

UBT

UBT was performed for all the 108 mothers to assess the sta-
tus of H.pylori infection. Instructions were followed according
to manufacturer’s protocol (CAMPRO Scientific, Germany).
Briefly, mothers had to have an empty stomach and no antibi-
otic consumption for two weeks. Mothers in the cesarean group
were tested for UBT two weeks after the end of antibiotic course.
Mothers were first asked to blow into the pocket No.1 as a control.
Next, they took a 100-mL solution of **C-urea and blew into the
second pocket after 30 minutes. The amount of exhaled *CO, was
measured by the spectrometer (Wagner, Germany). Counts were
compared with the controls and those above 5% were considered
(+), below 4% (-), and 4% — 5% questionable (Q).

Yeasts isolation and identification

Swabs were taken from the mucosal surfaces of the oral cavity
and vagina of 108 mothers and oral cavity of 89 neonates. Oral
swabs were rubbed against the tongue, gingival, and oral mucosa.
Vaginal swabs were rubbed against 5 — 7 cm of vaginal canal.
Swabs in transport medium were transferred to the microbiol-
ogy laboratory. Oral and vaginal swabs were cultured on Yeast
Glucose Chloramphenicol (YGC) agar (Merck, Germany) and
incubated at 37 °C for 24 — 48 h. Smears from yeast colonies were
stained by Gram’s method for observing the typical oval yeasts
morphology and possible bacterial contamination. Single colonies
of yeasts were subcultured on YGC more than 10 times to remove
any bacterial contamination. Pure cultures of yeasts were identi-
fied as Candida spp, using Chromagar (CHROM agar, France).
C.albicans produced green and Candida spp white-pink colonies.
Majority (39/46, 85%) of oral yeasts from mothers in normal and
cesarean groups as well as those from neonates were C.albicans
and the rest (7/46, 15%) Candida spp. Vaginal yeasts from moth-
ers in normal and cesarean groups also included 24/30 (80%)
C.albicans and 6/30 (20%) Candida spp.

Light and fluorescent microscopy
Wet mounts were prepared from yeast isolates and examined
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by light microscopy for observing the persistent occurrence of
bacterium-like bodies (BLBs) inside the mother and daughter
yeast cells after several subcultures. Photographs were taken at
four time intervals from oral yeast O,,. Live/Dead BacLight Bac-
terial Viability Kit (Invitrogen,USA) was used for the preparation
of yeast samples for fluorescent microscopy. The O,, yeast was
grown in 100 mL of culture medium containing yeast extract (5 g)
and glucose (20 g) and incubated at 37°C for 48 — 72 h. A0.5-mL
volume of yeast suspension with the turbidity of 0.5 McFarland’s
standard was mixed with 1.5 pL of fluorescent stain containing
equal volumes of SYTO 9 and propidium iodide. After a quick
vortex and incubation at dark for 15 min, 10 uL was placed on a
glass slide and examined by fluorescent microscope. Photographs
were taken at two or four time intervals from live and moving
BLBs which appeared green inside the dark vacuole of yeast O,,.

Recovery of the intracellular H.pylori from yeasts

In order to cultivate the intracellular BLBs from yeasts and iden-
tify them as H.pylori, 0.5 mL of acid-washed glass beads were
added to 2 mL of 24-h cultures of selected yeasts (O,,, O,,, V,,,
V,,, O, O, ,,) in Brain Heart Infusion (BHI) broth and vortexed.
Crude extracts of the disrupted yeasts were cultured on Brucella
blood agar with antifungal amphotericin B (4 mg/L) and incu-
bated under microaerophilic conditions at 37°C and observed for
bacterial growth for more than three weeks. Because attempts
to culture BLBs from disrupted yeasts were not successful, PCR
was used for detection of H.pylori-specific 16S rRNA and vac A s
genes in the whole DNA of yeasts.

Amplification of H.pylori-specific genes from yeasts

DNA extraction from yeasts and a previously PCR-confirmed
H.pylori (control) was performed according to our previous
study® and Sambrook’s method.?® Seventy six (46 oral and 30
vaginal) yeasts were examined for the presence of H.pylori 16S
rRNA and vac A s1/s2 genes. PCR amplification was carried out in
atotal volume of 25 puLL of 10x PCR buffer (Cinagen,lIran), 2.5 mM
MgCl, (Cinagen,Iran), 200 uM of each dNTP (Cinagen,Iran), 2 U
of Taq DNA polymerase (Cinagen,Iran), 0.5 uM of each primer,
and 100 ng of bacterial or 500 ng of yeast DNAs. The recruited
primers were: HPF > 5’-GCAATCAGCGTCAGTAATGTTC-3’
, HPR > 5’-GCTAAGAGATCAGCCTATGTCC-3" for 16S
rRNA,? and VALF > 5’-ATGGAAATACAACAAACACACC-3’
, VAIR > 5’-CTGCTTGAATGCGCCAAAC-3’ for vac A(sl/
s2).2% Amplification of the H.pylori -specific genes from yeasts
and control H.pylori was performed in 35 cycles as follows: 5 min
at 94°C, 1 min at annealing temperatures of 56°C for 16S rDNA
and 54°C for vac A s alleles, followed by 1 min at 72°C, and a fi-
nal extension at 72°C for 10 min. PCR products were electropho-
resed and their size was determined, using molecular ladder. The
PCR products of 16S rRNA gene, which were amplified from the
oral O,, and vaginal V,, yeasts of mother and the oral yeast of her
newborn O . were sequenced and matched with H.pylori pub-
lished sequences in gene bank by BLAST program (http//:www.
ncbi.nlm.nih.gov).

Detection of H.pylori in stool of infants by SAT

SAT kit (Generic assay-Germany) was used for detection of
H.pylori antigen in neonate’s stool samples obtained from 72/108
(66.7%) newborns at birth and 31/72(43%) at six months of age.
Samples in 1x PBS were kept frozen (-20°C) until tested. A 100-
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mg stool sample was suspended in 0.5 mL of sample diluents,
mixed well and 100 pL was added in duplicates to 96-well plates.
the First antibody was added and nonspecific antigens were re-
moved by washing. The second antibody labeled with horse red-
dish peroxidise was added and after washing, enzyme substrate
was added and the intensity of colored product was measured at
450 — 620 nm by ELISA reader (Mindray MR.96A- Germany).

Statistical analyses

Chi-square test and One Sample t-test, SPSS version 20 were
used to examine the relationship between occurrence of H.pylori-
specific genes in oral and vaginal yeasts of mothers and oral
yeasts of their newborns and the results of UBT and SAT. The
correlation between UBT results and dyspepsia was also exam-
ined. P- Values < 0.05 were considered significant.

Results

Patients’ UBT and dyspepsia

In normal delivery group (56 mothers), 30 (53.6%) were UBT-
positive, 23 (41.1%) UBT-negative ,and three (5.3%) UBT-ques-
tionable (Q). In the cesarean group (52 mothers), 27 (51.9%)
were UBT+, 21 (40.4%) UBT-, and four (7.7%) UBT-Q. In the
normal delivery group, UBT + mothers included 21 (70%) and
nine (30%) with or without dyspepsia, respectively. In cesarean
group, UBT + mothers included 16 (59.3%) and 11 (40.7%) with
or without dyspepsia, respectively (Table 1). A significant correla-
tion was found between UBT + and dyspepsia in a total of 57/108
(52.8%) expecting mothers (P = 0.039).

Yeast isolation
Oral yeasts were isolated from 39/108 (36.1%) mothers; 17/56
(30.35%) from normal delivery group and 22/52 (42.3%) from ce-
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sarean group. Vaginal yeasts were isolated from 30/108 (27.8%);
18/56 (32.4%) from the normal delivery group and 12/52 (25%)
from those in cesarean group (Table 1). No significant difference
was found between the frequency of yeasts in the oral cavity or
vagina of the two groups (P = 0.11). Seven neonates with oral
yeasts included 6/46 (13%) of normal delivery group and 1/43
(2.3%) of the cesarean group. Statistical analysis showed that oral
yeasts were isolated more frequently from normally-delivered
neonates compared to the cesarean group (P = 0.0063).

Light and fluorescent microscopy

Light microscopic observations showed the presence of fast-
moving BLBs inside the vacuole of all yeast isolates. Observa-
tions on subcultures of O, yeast showed BLBs inside the vacuole
of mother as well as daughter yeast cells (Figure 1). Fluorescent
microscopy showed live and green BLBs inside the yeast vacu-
oles. Some yeast vacuoles contained more than one BLBs. BLBs
were also present in both mother and daughter yeast cells. Other
green parts outside the vacuole could represent the nuclear mate-
rial or mitochondrial DNA (Figure 2).

PCR

The size of PCR products of 16S rRNA (519bp) and vac A s1
(259bp) genes was similar to those of control H.pylori (Figure
3). Analysis of the sequenced products revealed 99% — 100% ho-
mology between 16S rRNA gene amplified from yeasts and those
from H.pylori. H.pylori-specific genes, 16S rRNA and vac A s1,
were detected in 13/39 (33/3%) oral yeasts, 18/30 (60%) vagi-
nal yeasts, and 5/7 (71%) neonates’ oral yeasts. The frequency of
vaginal yeasts that contained H.pylori-specific genes was almost
twice (1.8-fold) that of oral yeasts (Tables 1 and 2). In a group of
seven mothers with oral and vaginal yeasts and their seven neo-
nates, 4/7 (57%) of the mothers’ oral yeasts, 6/7 (86%) of their

Table 1. Frequency of H.pylori-16S rRNA and vac A s1 genes in mothers’ oral (39) and vaginal (30) yeasts and their relationship with type of

delivery, UBT, and dyspepsia.

Isolated yeasts Ol iiie] (;/fe;'tpsylon 9ENESIN  rotal number of mothers with UBT- positive mothers
Delivery Oral Vaginal Oral Vaginal Dyspepsia UBT + With dyspepsia Without dyspepsia
Normal 17/56(30.4%)  18/56(32.1%) 6/17 (35.3%) 12/18 (66.7%) 33/56(58.9%)  30/56(53.6%)  21/30(70%) 9/30(30%)
Cesarean 22/52(42.3%)  12/52(23%) 7122 (31.8%) 6/12 (50%) 27/52(51.9%)  27/52(51.9%)  16/27(59.3%) 11/27(40.7%)
Total 39/108(36.1%) 30/108(27.8%)  13/39 (33.3%) 18/30 (60%) 60/108(55.6%) 57/108(52.8%) 37/57(64.9%) 20/57(35%)

Table 2. Frequency of H.pylori-16S rRNA and vac A s1 genes in seven oral (O) and six vaginal (V) yeasts of mothers, seven oral yeasts of their
neonates (O, ), and their relationship with type of delivery, UBT, and SAT (zero and six months).

Item Type of delivery UBT SAT (Om)  SAT (6m) Oral yeast 16SrRNA vacAsl  Vaginal yeast 16SrRNA vacAsl
' Normal  — 6 : : 2
2 Normal v e i s
- - (0] + + \Y) + +
3 Normal o sz N + ___2_2_ __________
- + (0] + + V + +
4 Normal o O:? + + A ——
5 Normal - a O * * Vs * *
---------- On_ . + + — —— —
6 Normal - - O, - vV, + +
7 Normal + = i O, = V. i i
8 Normal + - + 0, - NY NA NA
9 Cesarean } - NS Qs i i NY NA NA
---------- (@] + + ——— ———— ———

m: Month; NS: No sample; NY: No yeast was isolated; NA: Not applicable.
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Figure 1. Light microscopy of the oral C.albicans yeast (027). Photo-
graphs taken at four time intervals to show fast moving BLBs inside the
yeasts vacuoles. BLBs occur inside the vacuoles (V) of mother (M) and
daughter (D) yeast cells. Original magnification x1250.
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Figure 2. Fluorescent microscopy of the oral C.albicans (027). The live
and green BLBs are demonstrated in the yeasts vacuoles (V). Top: Pho-
tographs taken at two time intervals show two moving BLBs occurring in a
mother cell (M) and one in a daughter cell (D). Bottom: Photographs taken
at four time intervals show moving BLBs inside the yeast’s vacuole; N:
Yeast's nucleus, Mt: Mitochondria. Original magnification x 1250.
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Figure 3. Detection of H.pylori-16S rRNA and vac A s1 genes in O,, and V,, yeasts. The PCR products of (A)
16S rRNA gene (519bp) and (B) vac A s1 gene (259bp) were amplified. Lanes 1: Molecular ladder, Lanes 2:

Control H.pylori , Lanes 3: O,, Lanes 4: V.

27 27

vaginal yeasts, and 5/7 (71%) of their neonates oral yeasts carried
H.pylori-specific 16S rRNA and vac A s1 genes (Table 2).

H.pylori genes in yeasts and UBT

The frequency of H.pylori-specific genes in mothers’ vaginal
yeasts was significantly higher than in mothers’ oral yeasts (P =
0.021). A significant correlation was found between the occur-
rence of H.pylori-specific genes in vaginal yeasts and that in neo-
nates’ oral yeasts (P = 0.001). Statistical analysis did not show
a significant relationship between the frequency of H.pylori-spe-
cific genes in mothers’ oral yeasts and UBT+ results. However,
a significant relationship was found between the occurrence of
H.pylori-specific genes in mothers’ vaginal yeasts and UBT+ re-
sults (P = 0.031). Similar significant relationship was found be-
tween the occurrence of H.pylori-specific genes in neonates’ oral
yeasts and mothers UBT+ results (P = 0.004).

SAT and UBT

The results of SAT were negative for all 72 stool samples taken
at birth and positive for only 3/31 (9.68%) samples taken at six
months of age. Out of three mothers with oral and vaginal yeasts
as well as their neonates’ oral yeasts carrying H.pylori genes, two
were UBT+ and one neonate was SAT+ at six months of age.

Lanes 5 : No template.

No relationship was found between UBT results in mothers and
SAT in neonates at birth. However, neonates of 3/5 (60%) UBT+
mothers, two with dyspepsia, became SAT+ at six months of age
(Table 2).

Discussion

Several reports describe the occurrence of nonculturable H.pylori
in the oral cavity and oral-oral route as a possible way of bacte-
rial transmission.®®-14 However, some investigators consider
vertical transmission of H.pylori from mother to neonate through
vaginal delivery as one important way for the spread of H.pylori.
Although isolation of H.pylori from vaginal mucosa has not been
reported until now,* it has been proposed that H.pylori is able to
survive on vaginal mucosa if it could inhabit the squamous epi-
thelium of the oral cavity.* Reports indicate that vagina supports
the growth of a number of microaerophilic organisms, suggesting
the occurrence of a coexisting infection in vagina that favors the
growth conditions for H.pylori.>*<5 Intracellular symbiotic rela-
tionship of H.pylori with Candida yeast has been proposed as an
important strategy for the survival of H.pylori outside its well-
known niche, the human stomach. C.albicans is a ubiquitous or-
ganism and normal colonizer of Gl and vaginal tract of humans.*
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The early Candida spp colonization of neonates is believed to
be mostly due to vertical transmission from mother’s vagina to
child®2538 and oral colonization is the commonest among babies
(26.7%).* Newhborns also acquire yeasts horizontally within the
first few days of life after close contact with mother (e.g., during
feeding)* or from the environment, primarily the hands of health-
care workers in the hospital.*

Results of this study indicate that although vaginal yeasts were
isolated with the same frequency from mothers in normal delivery
and cesarean groups, only a considerable number of vaginally-
delivered neonates carried oral yeasts (P = 0.0063). A study on
100 pregnant women, 72 with vaginal delivery and 28 who un-
derwent cesarean, reported that Candida spp were isolated from
the vaginal mucosa of 47.2% of mothers with normal delivery and
the oral cavity of 25% of their newborns. However, among the
mothers who underwent cesarean, 46.4% carried Candida yeast
in their vagina and only 3.6% of their newborns carried yeast
in their oral cavity. There was a genotype concordance between
the yeasts from mothers vagina and those from the oral cavity
of newborns in 23.5% of normal delivery cases but none in the
cesarean cases.*? The number of vaginal yeasts carrying H.pylori
genes was almost twice (1.8 fold) that of oral yeasts (P = 0.036).
Statistical analysis showed a significant correlation between the
frequency of H.pylori genes in vaginal yeasts and that in oral
yeasts of normally delivered neonates (P = 0.006). This correla-
tion was not found between mothers’ oral yeasts and neonates’
oral yeasts. These results indicate that yeasts from mother’s va-
gina and those isolated from neonate’s oral cavity might have a
common source. Furthermore, higher frequency of vaginal yeasts
with H.pylori-genes, compared with oral yeasts might indicate
that yeast colonizers of vaginal mucosa of mothers could serve as
primary reservoirs of H.pylori which facilitate bacterial transmis-
sion from mother to child.

Among 108 expecting mothers, 57 (52.8%) had complaint of
dyspepsia and were UBT+. There was a significant correlation
between UBT+ and dyspepsia in mothers (P = 0.039). No sig-
nificant relationship was found between UBT+ and SAT+ or dys-
pepsia and SAT+ results, indicating that further study with higher
number of samples is warranted. Neonates from 3/5 (60%) UBT+
mothers (2/3 with dyspepsia) became SAT+ at six months of age.
Of these three UBT+ mother-SAT+ neonate pairs, two mothers’
vaginal yeasts, one mother’s oral yeast, and one neonate’s oral
yeast carried H.pylori genes. Statistical analyses showed a sig-
nificant correlation between UBT+ results in mothers and oc-
currence of H.pylori genes in mothers’ vaginal yeasts or that in
neonates’ oral yeasts. In a study from Japan, 51 children born
from H.pylori-positive mothers were followed up for five years.
Four out of 51 became positive by SAT in the first two years and
1/51 at four years and four months of age. Fingerprinting revealed
that H.pylori isolates from children were similar to those of their
corresponding mothers.”® Two reports from Germany showed a
strong association between the maternal infection status and the
risk of H.pylori transmission to infant, emphasizing the key role
of mothers in spread of H.pylori within the family.*+“ Accord-
ingly, it is proposed that neonates born from UBT+ mothers colo-
nized with vaginal C.albicans harbouring H.pylori could be at
higher risk of H.pylori infection.

Light microscopy showed the occurrence of fast moving BLBs
inside the vacuole of yeasts. Fluorescent microscopy confirmed
that BLBs were alive. Although BLBs were not culturable, detec-
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tion of H.pylori-specific genes in total DNA of yeasts confirmed
their identity as H.pylori. Thirteen out of 39 (33.3%) of mothers
oral and 18/30 (60%) of their vaginal yeasts and 5/7 (71%) of ne-
onates’ oral yeasts contained H.pylori-specific genes; 16S rRNA
and vac Asl. These results demonstrate the intracellular occur-
rence of H.pylori inside the yeast Candida. Intracellular associa-
tion of H.pylori with Candida yeast described in this study is one
example of the complex interaction between bacteria and fungi.
Further examples include intracellular existence of Paenibacillus
spp in Laccaria bicolor S238N,% Cyanobacteria in Geosiphon
pyriforme,* Burkholderia in Gigaspora spp,*® and Scutellospora
spp.*® Unravelling the details of interaction between bacteria and
fungi has been hampered mainly due to nonculturability of their
endosymbiotic bacteria. The true bacterial nature of these bacteri-
um-like organisms has only been confirmed recently with the help
of PCR amplification of prokaryotic genes from total DNA of fun-
gi and sequencing.’®%® Light and fluorescent microscopy observa-
tions on consecutive subcultures of yeasts showed the occurrence
of H.pylori cells inside the vacuoles of mother as well as daughter
yeast cells. Some yeasts had more than one H.pylori cells inside
their vacuoles. These results indicate the potential of H.pylori
cells to multiply and transmit to the next generations of yeasts.
Confocal microscopy showed that endosymbionts of Gigaspora
and Scutellospora spp were transmitted vertically in their fungal
host from generation to generation.®* Although, vertical transmis-
sion is a very common phenomenon for endobacteria associated
with animals, reports indicate that acquisition of endobacteria by
AM fungi during evolution has occurred as a rare event. However,
the association between endobacterium and its fungal host is so
intimate that the bacterium is not capable of independent survival
outside the host and thus needs to be vertically transmitted to the
subsequent generations of its host.> In this study, microscopic
observations on new generations of yeasts and amplification of
H.pylori genes from consecutive generations of yeasts indicated
that new yeast cells might inherit the intracellular H.pylori as part
of their vacuolar contents. It has been demonstrated that inheri-
tance of vacuole in yeast is a highly regulated process which en-
sures its inheritance by the daughter cells.5* Accordingly, it is pro-
posed that inheritance of yeasts carrying H.pylori in their vacuole,
from mother to neonate could serve as a safe mechanism to ensure
transmission and spread of H.pylori.

Interaction of bacteria and yeast has been mostly described as
surface adherence in the formation of infectious biofilms which
are resistant to host immune system and antibiotics. Examples in-
clude multispecies infection of an artificial urethral sphincter by
C.albicans, Streptococci and P.aeruginosa,® biofilms found on
the gastric portion of nasogastric tubes with Gram-positive cocci
and Gram-negative rods and yeast,* concurrence of Candida and
Lactobacilli in the oral biofilms of immunosuppressed patients,*
and adhesion of C.albicans and S.sanguis and S.salivaris to acrylic
surfaces of dentures.® It appears that actively respiring C.albicans
in the oral cavity reduces the oxygen tension level and provides
stimulatory factor for Streptococci while bacteria provide nutri-
ents that promote fungal growth.>® These reports indicate that
C.albicans with extensive distribution on human skin and mu-
cosal surfaces is frequently implicated in mixed bacterial-fungal
infections. Future studies on interactions between these two mi-
croorganisms will reveal their crucial role in humans’ health.86!

Results of this study showed that the frequency of vaginal yeasts
harboring H.pylori genes was higher than oral yeasts. This might



reflect that the vaginal environment is more favorable for yeasts
to retain their intracellular H.pylori. It appears that provision of
appropriate pH, glucose, and estrogen by vaginal environment
promotes the growth of C.albicans.®? Estrogen which increases
during pregnancy reduces the secretion of IgG and IgA antibodies
into vaginal fluids® and peripheral blood lymphocyte responses.®
Estrogen also increases the vaginal avidity for C.albicans because
yeast cells possess cytoplasmic receptors for female reproduc-
tive hormones.®® Accordingly, results of this study propose that
vaginal yeast is a potent reservoir of H.pylori and could play a
crucial role in transmission of H.pylori from mother to neonate.
Furthermore, neonates born from UBT+ mothers colonized with
C.albicans in vagina could be at higher risk of H.pylori infection.
Infection of infants by C.albicans through vertical transmission is
an old discussion,® however, recent reports indicate that heavily
colonized intrauterine devices (IUD)?¢"% and preferential adher-
ence of Candida yeast to intermediate layers of vaginal tract that
are increased during pregnancy, could increase maternal fungal
colonization and the chance of exposure of vaginally-delivered
infants.®® Accordingly, to prevent vertical transmission of yeast /
H.pylori, treatment of maternal IUD infections and Candida vagi-
nosis during pregnancy might decrease the inocula to which the
infant is exposed.® Furthermore, careful attention to hand hygiene
of healthcare workers may play a major role in reducing the fun-
gal transmission.*=7 Oral hygiene of mother and child could also
help to reduce yeast content of the mouth and control of H.pylori.

Acknowledgments

This study was funded by Research Council of University of Teh-
ran and Digestive Disease Research Institute, TUMS. Parts of this
study have been presented as two posters in XXV International
Workshop on Helicobacter and Related Bacteria in Chronic Di-
gestive Inflammation and Gastric Cancer (2012). The authors
have no conflict of interest.

References

1. Granstrom M, Tindberg Y, Blennow M. Seroepidemiology of Helico-
bacter pylori infection in a cohort of children monitored from 6 months
to 11 years of age. J Clin Microbiol. 1997; 35: 468 — 470.

2. Malaty HM, El-Kasabany A, Graham DY, Miller CC, Reddy SG, Srini-
vasan SR, et al. Age at acquisition of Helicobacter pylori infection: a
follow-up study from infancy to adulthood. Lancet. 2002; 359: 931 —
935.

3. Thomas JE, Dale A, Harding M, Coward WA, Cole TJ, Weaver LT.
Helicobacter pylori colonization in early life. Pediatr Res. 1999; 45:
218 -223.

4. Webb PM, Knight T, Greaves S, Wilson A, Newell DG, Elder J, et al.
Relation between infection with Helicobacter pylori and living condi-
tions in childhood: evidence for person to person transmission in early
life. BMJ. 1994; 308: 750 — 753.

5. Kivi M, Johansson AL, Reilly M, Tindberg Y. Helicobacter pylori status
in family members as risk factors for infection in children. Epidemiol
Infect. 2005; 133: 645 — 652.

6. Malaty HM, Kumagai T, Tanaka E, Ota H, Kiyosawa K, Graham DY,
et al. Evidence from a nine-year birth cohort study in Japan of transmis-
sion pathways of Helicobacter pylori infection. J Clin Microbiol. 2000;
38:1971-1973.

7.  Rowland M, Daly L, Vaughan M, Higgins A, Bourke B, Drumm B.
Age-specific incidence of Helicobacter pylori. Gastroenterology. 2006;
130: 65 -72.

8.  AxonAT. Review article: is Helicobacter pylori transmitted by the gas-
tro-oral route? Aliment Pharmacol Ther. 1995; 9: 585 — 588.

9. Thomas JE, Gibson GR, Darboe MK, Dale A, Weaver LT. Isolation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

F. Siavoshi, A. Taghikhani, R. Malekzadeh, et al.

of Helicobacter pylori from human faeces. Lancet. 1992; 340: 1194 —
1195.

Nouraie M, Latifi-Navid S, Rezvan H, Radmard AR, Maghsudlu M,
Zaer-Rezaii H, et al. Childhood hygienic practice and family education
status determine the prevalence of Helicobacter pylori infection in Iran.
Helicobacter. 2009; 14: 40 — 46.

Takahashi K, Fukazawa M, Motohira H, Ochiai K, Nishikawa H, Mi-
yata T. A pilot study on antiplaque effects of mastic chewing gum in the
oral cavity. J Periodontol. 2003; 74: 501 — 505.

Song Q, Spahr A, Schmid RM, Adler G, Bode G. Helicobacter pylori in
the oral cavity: high prevalence and great DNA diversity. Dig Dis Sci.
2000; 45: 2162 - 2167.

Engstrand L. Helicobacter in water and waterborne routes of transmis-
sion. Journal of Applied Microbiology. 2001; 90: 80S — 84S.

van Duynhoven YT, de Jonge R. Transmission of Helicobacter pylori: a
role for food? Bull World Health Organ. 2001; 79: 455 — 460.

Siavoshi F, Nourali-Ahari F, Zeinali S, Hashemi-Dogahed MH, Male-
kzadeh R, Massarrat S. Yeast, a silent companion of Helicobacter pylori
which protects it against the environmental stresses. Gastroenterology.
1996; 110: A1015.

Siavoshi F, Salmanian AH, Akbari F, Malekzadeh R, Massarrat S. De-
tection of Helicobacter pylori-specific genes in the oral yeast. Helico-
bacter. 2005; 10: 318 — 322.

King RD, Lee JC, Morris AL. Adherence of Candida albicans and other
Candida species to mucosal epithelial cells. Infection and Immunity.
1980; 27: 667 — 674.

Salmanian AH, Siavoshi F, Akbari F, Afshari A, Malekzadeh R. Yeast of
the oral cavity is the reservoir of Heliobacter pylori. J Oral Pathol Med.
2008; 37: 324 — 328.

Lee JC, King RD. Characterization of Candida albicans adherence to
human vaginal epithelial cells in vitro. Infection and Immunity. 1983;
41: 1024 - 1030.

Soll DR. Candida commensalism and virulence: the evolution of pheno-
typic plasticity. Acta Tropica. 2002; 81: 101 - 110.

Martin MV, Wilkinson GR. The oral yeast flora of 10-year-old school-
children. Sabouraudia. 1983; 21: 129 — 135.

Linares LM, MarAn C. Frequency of yeasts of the genus Candida in
humans as pathogens and as part of normal flora. Proceedings of the 1V
International Conference on the Mycoses, 1978: 124.

Gugnani HC, Nzelibe FK, Gini PC, Chukudebelu WO, Njoku-Obi
ANU. Incidence of Yeasts in Pregnant and Non-Pregnant Women in
Nigeria: Hefen bei Schwangeren und Nichtschwangeren in Nigeria.
Mycoses. 1989; 32: 131 - 135.

Whyte RK, Hussain Z. Antenatal infections with Candida species. Ar-
chives of Disease in Childhood. 1982; 57: 528 — 535.

Maudsley RF, Brix GA, Hinton NA, Robertson EM, Bryans AM, Haust
MD. Placental inflammation and infection. A prospective bacteriologic
and histologic study. American Journal of Obstetrics and Gynecology.
1966; 95: 648.

Baley JE, Kliegman RM, Boxerbaum B, Fanaroff AA. Fungal coloniza-
tion in the very low birth weight infant. Pediatrics. 1986; 78: 225 — 232.
Sharp AM, Odds FC, Evans EG. Candida strains from neonates in a
special care baby unit. Arch Dis Child. 1992; 67: 48 — 52.

Sambrook J, Russell DW. Molecular cloning: a laboratory manual:
CSHL Press, 2001.

Lu'Y, Redlinger TE, Avitia R, Galindo A, Goodman K. Isolation and ge-
notyping of Helicobacter pylori from untreated municipal wastewater.
Appl Environ Microbiol. 2002; 68: 1436 — 1439.

Atherton JC, Cao P, Peek RM, Tummuru MK, Blaser MJ, Cover TL.
Mosaicism in vacuolating cytotoxin alleles of Helicobacter pylori. As-
sociation of specific vacA types with cytotoxin production and peptic
ulceration. J Biol Chem. 1995; 270: 17771 - 17777.

Marshall BJ, McGechie DB, Rogers PA, Glancy RJ. Pyloric Campy-
lobacter infection and gastroduodenal disease. Med J Aust. 1985; 142:
439 — 444,

Coleman D, Evans D. Biopsy pathology and cytology of the cervix.
London, 1988.

Ellis JE, Yarlett N, Cole D, Humphreys MJ, Lloyd D. Antioxidant de-
fences in the microaerophilic protozoan Trichomonas vaginalis: com-
parison of metronidazole-resistant and sensitive strains. Microbiology.
1994; 140: 2489 — 2494,

Pine L, Malcolm GB, Curtis EM, Brown JM. Demonstration of Actino-
myces and Arachnia species in cervicovaginal smears by direct staining
with species-specific fluorescent-antibody conjugate. J Clin Microbiol.
1981; 13: 15-21.

Reid G, McGroarty JA, Tomeczek L, Bruce AW. Identification and plas-

Archives of Iranian Medicine, olume 16, Number 5, May 2013 293



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

mid profiles of Lactobacillus species from the vagina of 100 healthy
women. FEMS Immunol Med Microbiol. 1996; 15: 23 — 26.

Loster BW, Majewski SW, Czesnikiewicz-Guzik M, Bielanski W, Pier-
zchalski P, Konturek SJ. The relationship between the presence of He-
licobacter pylori in the oral cavity and gastric in the stomach. J Physiol
Pharmacol. 2006; 57(suppl 3): 91 - 100.

Kossoff EH, Buescher ES, Karlowicz MG. Candidemia in a neonatal
intensive care unit: trends during fifteen years and clinical features of
111 cases. Pediatr Infect Dis J. 1998; 17: 504 — 508.
Waggoner-Fountain LA, Walker MW, Hollis RJ, Pfaller MA, Fergu-
son JE, Wenzel RP, et al. Vertical and horizontal transmission of unique
Candida species to premature newborns. Clinical Infectious Diseases.
1996; 22: 803 — 808.

Mendiratta DK, Rawat V, Thamke D, Chaturvedi P, Chhabra S, Narang
P. Candida colonization in preterm babies admitted to neonatal intensive
care unit in the rural setting. Indian Journal of Medical Microbiology.
2006; 24: 263.

Hannula J, Saarela M, Jousimies Somer H, Takala A, Syrjanen R, Ko-
nonen E, et al. Age related acquisition of oral and nasopharyngeal yeast
species and stability of colonization in young children. Oral Microbiol-
ogy and Immunology. 1999; 14: 176 — 182.

Saiman L, Ludington E, Dawson JD, Patterson JE, Rangel-Frausto S,
Wiblin RT, et al. Risk factors for Candida species colonization of neo-
natal intensive care unit patients. The Pediatric Infectious Disease Jour-
nal. 2001; 20: 1119 — 1124.

Caramalac DA, da Silva Ruiz L, de Batista GC, Birman EG, Duarte M,
Hahn R, et al. Candida isolated from vaginal mucosa of mothers and
oral mucosa of neonates: occurrence and biotypes concordance. Pediatr
Infect Dis. 2007; 26: 553 — 557.

Konno M, Fujii N, Yokota S, Sato K, Takahashi M, Mino E, et al. Five-
year follow-up study of mother-to-child transmission of Helicobacter
pylori infection detected by a random amplified polymorphic DNA fin-
gerprinting method. J Clin Microbiol. 2005; 43: 2246 — 2250.
Rothenbacher D, Bode G, Berg G, Knayer U, Gonser T, Adler G, et
al. Helicobacter pylori among preschool children and their parents:
evidence of parent-child transmission. Journal of Infectious Diseases.
1999; 179: 398 — 402.

Brenner H, Rothenbacher D, Bode Gn, Adler G. Parental history of gas-
tric or duodenal ulcer and prevalence of Helicobacter pylori infection in
preschool children: population based study. BMJ. 1998; 316: 665.
Bertaux J, Schmid M, Prevost-Boure NC, Churin JL, Hartmann A, Gar-
baye J, et al. In situ identification of intracellular bacteria related to Pae-
nibacillus spp. in the mycelium of the ectomycorrhizal fungus Laccaria
bicolor S238N. Appl Environ Microbiol. 2003; 69: 4243 — 4248.
Schiiller A KM. Geosiphon pyriforme and endocytosymbiosis between
fungus and cyanobacteria, and its meaning as a model system for ar-
buscular mycorrhizal research. The Mycota IX. Berlin: Springer \erlag,
2001:151 - 161.

Bianciotto V, Bandi C, Minerdi D, Sironi M, Tichy HV, Bonfante P. An
obligately endosymbiotic mycorrhizal fungus itself harbors obligately
intracellular bacteria. Applied and Environmental Microbiology. 1996;
62: 3005 — 3010.

Bianciotto V, Lumini E, Lanfranco L, Minerdi D, Bonfante P, Perotto
S. Detection and identification of bacterial endosymbionts in arbuscular
mycorrhizal fungi belonging to the family Gigasporaceae. Appl Environ
Microbiol. 2000; 66: 4503 — 4509.

Scannerini S, Bonfante P. Bacteria and bacteria- like objects in endo-

294 Archives of Iranian Medicine, Volume 16, Number 5, May 2013

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Vaginal Yeasts Transmit H.Pylori to Neonate

mycorrhizal fungi (Glomaceae). Symbiosis as Source of Evolutionary
Innovation: Speciation and Morphogenesis.1991: 273 — 287.
Bianciotto V, Genre A, Jargeat P, Lumini E, Becard G, Bonfante P. Verti-
cal transmission of endobacteria in the arbuscular mycorrhizal fungus
Gigaspora margarita through generation of vegetative spores. Applied
and Environmental Microbiology. 2004; 70: 3600 — 3608.

Mira A, Moran NA. Estimating population size and transmission bottle-
necks in maternally transmitted endosymbiotic bacteria. Microb Ecol.
2002; 44: 137 - 143.

Kuhn G, Hijri M, Sanders IR. Evidence for the evolution of multiple ge-
nomes in arbuscular mycorrhizal fungi. Nature. 2001; 414: 745 — 748.
Seeley ES, Kato M, Margolis N, Wickner W, Eitzen G. Genomic analy-
sis of homotypic vacuole fusion. Molecular Biology of the Cell. 2002;
13: 782 -794.

Walterspiel JN, Kaplan SL, Fishman I, Scott FB. Fungal infection as-
sociated with artificial urethral sphincters in children. J Urol. 1986; 135:
1245 — 1246.

Marrie TJ, Sung JY, Costerton JW. Bacterial biofilm formation on naso-
gastric tubes. J Gastroenterol Hepatol. 1990; 5: 503 — 506.

Zambon JJ, Reynolds HS, Genco RJ. Studies of the subgingival mi-
croflora in patients with acquired immunodeficiency syndrome. J Peri-
odontol. 1990; 61: 699 — 704.

Nair RG, Samaranayake LP. The effect of oral commensal bacteria on
candidal adhesion to denture acrylic surfaces. An in vitro study. APMIS.
1996; 104: 339 — 349.

Shirtliff ME, Peters BM, Jabra-Rizk MA. Cross-kingdom interactions:
Candida albicans and bacteria. FEMS Microbiol Lett. 2009; 299: 1 - 8.
Peleg AY, Hogan DA, Mylonakis E. Medically important bacterial-fun-
gal interactions. Nat Rev Microbiol. 2010; 8: 340 — 349.

Wargo MJ, Hogan DA. Fungal--bacterial interactions: a mixed bag of
mingling microbes. Curr Opin Microbiol. 2006; 9: 359 — 364.

Sobel JD. Pathogenesis and epidemiology of vulvovaginal candidiasis.
Ann N Y Acad Sci. 1988; 544: 547 — 557.

Wira CR, Richardson J, Prabhala R. Endocrine regulation of mucosal
immunity: effect of sex hormones and cytokines on the afferent and
efferent arms of the immune system in the female reproductive tract.
Handbook of Mucosal Immunity San Diego, Calif.: Academic Press,
Inc., 1994: 705 — 718.

Mazumder DN, Ghose N, Mitra J, Dutta G, Santra A. Immunological
status of women with prolonged oral contraceptives and occurrence of
giardiasis. J Indian Med Assoc. 1990; 88: 129 — 131.

Powell BL, Frey CL, Drutz L. Estrogen receptor in Candida albicans:
a possible explanation for hormonal influences in vaginal candidiasis.
23rd Interscience Conference on Antimicrobial Agents and Chemother-
apy, 1983: 222.

Blaschke-Hellmessen R. Vertical transmission of Candida and its conse-
quences. Mycoses. 1998; 41 (suppl 2): 31 - 36.

Delprado WJ, Baird PJ, Russell P. Placental candidiasis: report of three
cases with a review of the literature. Pathology. 1982; 14: 191 — 195.
Johnson DE, Thompson TR, Ferrieri P. Congenital candidiasis. Am J
Dis Child. 1981; 135: 273 — 275.

Segal E, Soroka A, Schechter A. Correlative relationship between ad-
herence of Candida albicans to human vaginal epithelial cells in vitro
and candidal vaginitis. Sabouraudia. 1984; 22: 191 — 200.

Burnie JP, Odds FC, Lee W, Webster C, Williams JD. Outbreak of sys-
temic Candida albicans in intensive care unit caused by cross infection.
Br Med J (Clin Res Ed). 1985; 290: 746 — 748.



