HUMAN VACCINES & IMMUNOTHERAPEUTICS
2016, VOL. 12, NO. 10, 2565-2571
http://dx.doi.org/10.1080/21645515.2016.1193658

Taylor & Francis
Taylor & Francis Group

RESEARCH PAPER

Mycobacterial L-forms are found in cord blood: A potential vertical transmission of

BCG from vaccinated mothers

Nadya Markova®, Georgi Slavchev?, Ljubomir Djerov®, Asen Nikolov®, and Tanya Dimova©

3nstitute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria; "Medical University, Sofia, Bulgaria; Institute of Biology and Immunology of

Reproduction, Sofia, Bulgaria

ABSTRACT

Our previous studies showed that mycobacterial L-forms persist in the blood of BCG vaccinated people
and that BCG vaccine is able to produce, under appropriate conditions, filterable, self-replicating L-bodies
with virus-like size. Because filterability is one of the characteristics of L-forms, considerable interest has
been shown in their capacity to cross the maternal-fetal barrier. The current study demonstrated isolation
of mycobacterial L-form cultures from umbilical cord blood of 5 healthy newborns of healthy mothers
vaccinated previously with BCG. The isolated cultures showed distinctive growth characteristics of cell wall
deficient L-form bacteria. Transmission electron microscopy demonstrated presence of L-bodies with
extremely small size of 100 nm and revealed morphological transformations, typical for L-forms. 1S6110
Real Time PCR assay confirmed that all L-form isolates were of mycobacterial origin and belonged to
Mycobacterium tuberculosis complex which includes vaccinal BCG substrains. In conclusion, we could
suggest that reproductive filterable L-bodies of BCG origin are able to fall in blood circulation of the fetus
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by vertical transmitted pathway and colonize newborns.

Introduction

BCG is the only licensed TB vaccine in use at present, with an
estimated 100 million children receiving BCG every year glob-
ally."* Although the ability of BCG to provide an immune pro-
tection has been debated since the 1930s, BCG was introduced
into the Expanded Program of Immunization (EPI) in 1974.°
However, randomized controlled trials have shown efficacies
ranging from 0 to 80%."* Like many other currently used vac-
cines, BCG was developed empirically, without understanding
the mechanisms of its immune protection.’ In addition, the
development of new TB vaccines continued, with no under-
standing of their protective immune mechanisms, and their
immunogenicity is tested against BCG itself.”'° The prophylac-
tic vaccine strategy relies on replicating BCG bacilli in order to
obtain long-lasting immune response.'” The maintenance of
specific immunity necessarily needs BCG bacilli to produce
immunogenic substances, associated mainly with cell wall
compounds.'?

Our last study confirmed that live mycobacterial L-forms persist
in the blood of BCG vaccinated people. Forty five of 97 genetically
tested blood cultures were identified as L-forms of mycobacteria
belonging to Mycobacterium tuberculosis complex.> We also
found that BCG bacilli can convert to cell wall deficient forms
(L-forms) inside macrophages during infection in guinea pigs and
that the L-conversion phenomenon significantly enhanced their
survival and persistence ability.'* As far as cell wall deficiency is
considered as a natural phenomenon facilitating the bacterial adap-
tation under unfavorable circumstances, many authors believe that

mycobacterial L-forms are able to persist within the hosts for a
long period and that they are of clinical significance for latent,
chronic and relapsing infections.””*° Under stress conditions
mycobacteria can transform into L-forms, which undergo through
various morphological stages and replicate by unusual modes."
Although not yet proven, we hypothesize that when BCG bacilli
transform into L-forms, they probably cease to be immunogenic.
They turn into strongly modified population of live microbial
forms with new biological properties, which are able to persist in
blood of BCG vaccinated people."

In fact, the pleomorphic L-forms represent various stages in
the life cycle of stressed bacteria. They exist as unusual mor-
phological units, such as large and elementary bodies, vesicles,
granules, filterable forms and others.’>*” We found that BCG
vaccine is able to produce under appropriate conditions filter-
able self-replicating L-form elements with virus-like size
smaller than the size of bacterial filter pores of 0.2 m.*

Because filterability is one of the characteristics of BCG L-forms,
considerable interest is shown in their capacity to cross the mater-
nal-fetal barrier. In this respect, the aim of our study was to isolate
mycobacterial L-form cultures from cord blood of newborns whose
mothers were previously vaccinated with BCG.

Results

Bacterial cultures were isolated from cord blood samples of all 5
investigated newborns. Light microscopy examinations of isolates
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Figure 1. Light microscopy of primary broth phase culture from a cord blood sample of newborn F4: native unstained smear - spherical L-form cells of different size in
their natural image (A); Giemsa stained smears — granular and spherical L-bodies (B, C). Magnification: 1000 x.

revealed step-phase morphological L-form transformations during
primary broth and subsequent agar growth phases. Native
unstained smear from primary broth phase culture showed spheri-
cal L-form cells of different size in their natural image, demonstrat-
ing that they were live and replicating (Fig. 1A). Giemsa stained
smears revealed granular forms, most of them aggregated in clus-
ters (Fig. 1B) and large spherical bodies (Fig. 1C).

TEM of broth-growing cultures demonstrated the presence
of small granular L-bodies of different size but also as small as
0.2 pum in diameter, indicating that they were able to pass
through bacterial filters (Fig. 2A, B, C). It should be noted that
most of them were of extremely small size - around and under
100 nm (Fig. 2A, B). They were observed mostly as heavily clus-
tered granules (Fig. 2A, B). Round single bodies with well-
defined outlines (Fig. 2C) and such with irregular shape and
granular internal structure were also seen (Fig. 2D). It is

interesting to note that fusion of individual elements within the
clusters occurred, as shown at greater magnification in electron
micrographs (Fig. 2B).

Electron microscopic examinations in keeping with the
observations made with light microscopy, demonstrated that
broth-growing L-phase variants developed to medium-sized
bodies of 0.4- 2.0 um in diameter (Fig. 3A, B, D) or large bodies
reaching diameters of 5 um or greater (Fig. 3C). Generally, the
ultrathin sections of L-bodies from broth cultures showed lack
of bacterial cell walls. The shape of L-form variants was primar-
ily spherical, but they varied strongly in size (Fig. 3). Different
modes of L-form replication as binary and asymmetric fission,
budding or segmentation resulting in release of elementary
bodies were ubiquitously noticed (Fig. 3). It is interesting to
note that some of cells underwent disorganization and lysis
(Fig 3E, F, G) which resulted in releasing of electron dense

100, m-
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Figure 2. TEM of small granular L-bodies in broth-growing cultures, isolated from cord blood samples of newborns F3 and F4: densely clustered granules with extremely
small size - around and under 100 nm (A, B); round single L- body with well-defined outlines (C); L-body with irregular shape and granular internal structure (D).



HUMAN VACCINES & IMMUNOTHERAPEUTICS e 2567

Figure 3. TEM of broth-growing L-phase variants, isolated from cord blood samples of newborns F3 and F4: spherical cell wall deficient L-bodies of different size, replicat-
ing by binary and asymmetric fission or budding (A, B, C, D); L-form cells, which underwent segmentation and lysis resulting in release of elementary bodies (E, F, G); small

electron dense L-bodies, seen among fibrillar material in the external milieu (H).

L-bodies. Such were seen among fibrillar material in the exter-
nal milieu (Fig. 3H).

Subsequent sub-culturing from broth onto semisolid
medium resulted in fine grained growth (Fig. 4A) or forma-
tion of L-type colonies with so called “fried egg appearance”
(Fig. 4B), which are distinctive for L-forms. Some of the L-
type colonies were ingrown into the agar (Fig. 4C). The cul-
tures isolated from the all 5 cord blood samples were tested
by IS6110 Real Time PCR, which is specific for detection of
Mycobacterium tuberculosis complex (MTC), and they were
all positive. Figure 5 presents the Cycle threshold (Ct) values
of the 5 positive cultures. It should be noted that, excepting

the pathogenic species, MTC also includes the vaccinal strain
of Mycobacterium bovis BCG.

Discussion

The umbilical cord blood composition is similar to peripheral
blood composition of fetus during the last stage of gestation.”
The fetus is anatomically and physiologically protected from
the systemic circulation of mother by the placental barrier.
However, in cases of intercurrent disease during pregnancy and
despite the integrity of placental barrier, there are a number of
bacterial and viral pathogens capable of crossing it and causing
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Figure 4. Growths on semisolid medium after sub-culturing from primary broth isolates of newborns F3 and F4: fine grained growth (A); typical L-form colonies with
“fried egg appearance” (B); L-type colonies, ingrown into the agar (C) Magnification: 400x.

subsequent fetal infections, known as vertically transmitted
infections.”” The mechanisms by which microbial agents ini-
tially invade this barrier are not well known.

Today, the central dogma of human microbiota states that
the blood of healthy people is sterile; respectively the blood cir-
culation of fetus in healthy pregnant women is also a sterile
environment.”* However, some authors suggest that term
fetuses are not completely sterile and that a prenatal mother-
to-child efflux of commensal bacteria may exist.””

The current study demonstrates successful isolation of bac-
terial cultures from umbilical cord blood of 5 healthy new-
borns, all born of healthy mothers after normal pregnancy. It
became evident that the isolated cultures showed the distinctive
characteristics of cell wall deficient L-form bacteria. Formation
of colonies with unique shape of “fried eggs” was a convincing
criterion for L-form growth.* Significantly, 1S6110 Real Time
PCR assay confirmed that all L-form isolates were of mycobac-
terial origin. The insertion sequence 6110 is a unique conserva-
tive marker of mycobacteria belonging to MTC.>” Moreover,
IS6110 is present in the genome as multiple copies which signif-
icantly increase the sensitivity of PCR amplification.*®

Here, TEM observations revealed typical for L-forms mor-
phological transformations and developmental stages, as well
as unusual modes of replication such as budding, asymmetric
division or segmentation and breaking of large L-bodies up
into small elements. Cell wall-free mode of proliferation,
involving membrane blebbing, tubulation and vesiculation, was

found to be dependent on an altered rate of membrane
synthesis.”

Of great interest was the observation of L-bodies with
extremely small sizes of under 100 nm which was clearly dem-
onstrated by TEM. Remarkably, processes of fusion of these
densely clustered small bodies were noted. Klieneberger
described firstly processes of regeneration initiated by the
fusion of the smallest L-bodies. She believed that these bodies
are elementary living units consisting mainly of DNA granules
with narrow fringe of protoplasm.*

Keeping in mind that L-form cultures were isolated after
filtration of inoculated with cord blood broth through bacte-
rial filters with 0.2 um size of pores, we suggest that these
very small L-bodies were able to germinate again and to
launch a new life L-cycle. In fact, we show here that the fetal
blood circulation of all investigated neonates was colonized by
mycobacterial L-forms. In our previous study, we found that
mycobacterial L-forms were persisting in blood of vaccinated
with BCG people."” If the investigated cord blood from babies
born to mothers vaccinated with BCG was a carrier of
extremely small (filterable) elements, we can assume that live
vaccinal bacilli existing as cell wall free L-bodies in pregnant
women, might be transmitted vertically from mother to fetus.

It is considered that the molecular transport mechanism
across the maternal-embryonic barrier depends on the stage of
embryogenesis and physiological changes during pregnancy.’!
Much of the current knowledge about placental barrier comes
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Figure 5. 1S6110 Real Time PCR of L-form cultures from cord blood of 5 newborns (F1, F2, F3, F4, F5). Legend: MQ-molecular grate water; NTC — non-template control;

MTC- M. tuberculosis Hs;Rv.



from the understanding of its impermeability to many large
molecules and circulating pathogens.’® Silica nanoparticles
smaller than 300 nm have been shown to penetrate the placen-
tal barrier in mice.”> Nanosized vesicles of 30-100 nm in diam-
eter (exosomes) and their trafficking within the placental
micro-environment have been recognized to play a role in
mediating embryo-maternal interactions.>*** It has been
shown that exosomes, released by BCG-infected macrophages
contain mycobacterial components.®® In our previous study we
found that in BCG treated guinea pigs (i.p.), the macrophages
uptake BCG bacilli and that at the late intervals of infection, L-
form formations inside the macrophages have been detected.
The well packed BCG L forms could be released to the extracel-
lular space probably exploiting apoptotic-like pathway for sub-
sequent rounds of new entry and uptake by macrophages. '*

The key question in this study is how the observed mycobac-
terial L-bodies in cord blood of newborns were able to cross the
maternal-fetal barrier during normal pregnancy and how this
may result in colonization of fetal blood circulation. It is known
that some viruses enter the fetal tissues during the first trimes-
ter,”® when the embryo is separated from mother blood circula-
tion through not fully matured barrier and that in this period
trophoblast cells are invading into uterus tissue and entering
maternal spiral arteries.”” Therefore, there is a possibility for
the filterable L-bodies to pass in blood circulation of the fetus.
We could suggest routes like hematogenous transmission
across the placenta by direct infection of trophoblasts or
through intercellular communication and/or placental transfer
of infected macrophages or their products from the maternal
blood supply. Nevertheless, the most important finding is that
these small forms were reproductive and they developed typical
L-form culture.

It should be noted that the current study design is limited
within the country of Bulgaria, where the BCG vaccination is
obligatory and practically the entire population in the country
is vaccinated, including the mothers of investigated newborns.
Unvaccinated persons are absent or difficult to find.

The essence of the problem here is how to interpret the phe-
nomenon of vertically transmitted BCG L-forms and the effects
of their colonization in newborns. We should put a question
for reflection whether the unusual blood colonization in face of
mycobacterial L-forms could bring to unpredictable harmful
side effects of allergic and autoimmune character. Furthermore,
if the vaccination with BCG was introduced since 1921,
whether its vertical transmission from generation to generation
in humans has made the vaccine immortal and what is the ben-
efit or harm of this?

Materials and methods
Blood samples

Blood samples were recovered from umbilical vein of 5 new-
borns (F1, F2, F3, F4 and F5). A total of 5 subjects were studied,
which met the following criteria : healthy mothers vaccinated
with BCG; without history of exposure to tuberculosis (TB);
negative for TB by PPD skin test (Mantoux test); normal preg-
nancy and childbirth (without pathological complications);
newborns without pathological deviations. The investigated 5
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subjects were born to healthy mothers after normal pregnancies
and childbirths without pathological complications. The inves-
tigated newborns were without pathological deviations.

The gestational age was between 37 and 40 gestational
weeks, the birth weight — between 2930 and 3710 g, and the
length - between 47 and 52 cm.

The mothers of the investigated newborns had been vacci-
nated with BCG and none of them had a history of exposure to
tuberculosis. The mothers of investigated newborns were tested
negative for tuberculosis, according to the reading of PPD skin
test (Mantoux test). Since 1952, the BCG vaccine has been
given routinely and obligatory to babies in Bulgaria at 48 h after
birth by intradermal application. The strain used for vaccinat-
ing mothers was Mycobacterium bovis Sofia SL222.

Blood samples were aseptically collected using standard
technique with a needle that was connected to K2E-EDTA
Vacutainer tubes (BD Vacutainer, Plymouth, UK) and a cord
blood flowed through the needle into the tube . All specimens
were handled and anonymized, according to the ethical and
legal guidelines. The procedures were approved by the Ethics
Committee of Human Experimentation in Bulgaria.

Isolation of L-form cultures

Isolation of L-form cultures from cord blood of newborns was
performed according to the protocol described in our previous
study.'” In brief, blood lysis was done with sterile distilled water
at strictly fixed v/v ratio and after 30 min exposure to room
temperature. The lysed blood samples were inoculated in tubes
with Tryptic Soy Broth (TSB, Becton Dickinson), which were
then filtered through a bacterial filter with 0.2um size of
pores and incubated at 37°C for 72 hours. Then, strictly fixed
aliquots from broth were plated with special technique on Petri
dishes with semisolid medium. The semisolid medium was pre-
pared from TSB solidified with 0.8% (w/v) Agar (Fluca) in Petri
dishes of 94x 15 mm. At least 3 Petri dishes per one broth cul-
ture were plated. The Petri dishes were enveloped with parafilm
and incubated at 37°C for one week. Induction of visible
growth, respectively formation of L-form colonies or biofilm
was achieved by specific technique of the so called “blind pas-
sage.” The “blind passage” was performed by flooding the sur-
face of 3 Petri dishes with TSB, after that aspirating, merging
and transferring the lavage fluid to the surface of a new Petri
dish with semisolid agar, which was then incubated again for a
period of one week at 37°C. Colonial or biofilm growth
occurred by the end of the second week. The plates were exam-
ined daily macroscopically and microscopically for appearance
of growth. Direct light microscopic observations of cultures
were combined with Ziehl-Neelsen stained preparations.

Transmission electron microscopy (TEM)

Observations of cord blood L-form isolates were performed by
electron microscopy. Selected samples from L-form colonies and
biofilm that developed during the second phase/week of cultivation
in semisolid agar, were fixed with 4% (v/v) glutaraldehyde in 0.1 M
cacodylate buffer with 4.5% w/v sucrose, pH 7.2 and post-fixed in
1% (w/v) osmium tetroxide in the same buffer at room temperature
for 2 h and dehydrated in serial ascending ethanol concentrations.
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After dehydration in ethanol and propylene- oxide series, cell pel-
lets were embedded in epoxy resin Epon-Araldite (Serva,
Heidelberg, Germany). Resin blocks polymerised at 56°C for 48 h.
Ultrathin cell sections were made with crystal glass knives on a
Reichert-Jung Ultracut Microtome and were stained with 5% (w/v)
uranyl acetate in 70% (v/v) methanol and 0.4% (w/v) lead citrate.
Observations were made with electron microscope JEOL
JEM -1011 SAP10 (Japan) at 40-100 kV.

Real time PCR detection of specific for MTB complex 1S6110
in L-form cultures

Single L-form colonies were picked up for genetic testing. Sev-
eral precautions were taken to avoid contamination during the
extraction procedure and in the PCR reactions. The DNA
extraction, PCR and post-PCR analyses were conducted in sep-
arate laminar flow biosafety cabinet and rooms. Sterile aerosol
protection filter tips were used to avoid cross-contamination.
Two extraction blanks were always included in the same proce-
dure and an additional PCR blank was included in each PCR
reaction, containing no DNA template.

Chromosomal DNA was isolated as described by Van
Embden et al’® Real Time PCR mixtures containing a final
concentration of 1X PCR buffer (Tris.Cl; KCI; (NH4)2SO4;
15 mM MgCl2, pH 8,7, Qiagen), 2.5 mM MgCI2, 0,2 mM of
each dNTPs (ANTP Mix, Qiagen), 1,75 U HotStarTaq DNA
polymerase (Qiagen), the target specific primers and probes,
were used at a final concentration of 0.5 uM, finally 5 ul of
DNA template was added. The reaction mixture was performed
in a final volume of 30 ul. The primers and the probe sequence
were selected from a region of the IS6110: Primers 1S6110 D-1
(5'- ACCTGAAAGACGTTATCCACCAT-3") and

IS6110 D-2 (5'-CGGCTAGTGCATTGTCATAGGA-3) which
amplify a 100 bp fragment; the probe: (5- [6 FAM] TCC
GACCGCGCTCCGACCGACG-[TAMRA-Q]-3'), was synthe-
sized and conjugated with the reporter dye FAM and TAMRA
quencer dye, which were covalently linked to 5" and 3’ ends oligo-
nucleotide respectively. The reaction was optimized to obtain the
best amplification kinetics and the cycle condition was performed
for 1 cycle, 15 min at 95°, 30 s at 95°C and 50 s at 60°C for 50
cycles.”
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