Microbiota manipulation during
pregnancy and breastfeeding
Gregor Reid

Lawson Health Research Institute
University of Western Ontario, London, Canada

Assuming reproduction is unstoppable, what is it we are
reproducing?
If we are composed mostly of bacterial cells that reproduce
every 20-30 minutes, are we simply making sure they
continue to have a host?
What’s the most important thing we pass along?

Arguably the most critical effects occur in the reproductive female

http://www.fccj.org/campuses/north/lac/reproductive_system/images/female_sideview.jp

At a rally in Tampa, Florida on June 17th, 2004, the
great George W. Bush said:
“We must always remember that all human beings
begin life as a feces. A feces is a living being in the
eyes of God, who has endowed that feces with all of
the rights and God-given blessings of any other
human being”.
So, if we’re only just feces, why would we want to reproduce?

Let’s start with conception – the key factor being the virile male!

Yet, women with bacterial vaginosis undergoing in vitro fertilization, will not get
pregnant.
In women who do conceive and deliver a live birth at term, the vaginal log
concentration of lactobacilli is significantly higher than those who have early
pregnancy loss. Eckert et al. 2003
A combination of Lactobacillus brevis [CD2], L. salivarius [FV2], and L. plantarum
[FV9]) prevented sperm lipid peroxidation that was induced in vitro by a ferrous
ion promoter, thus preserving sperm motility and viability.
Barbonetti et al. 2011

What is the role of these bacteria?
-Healthy outcomes of pregnancy and later in life – eg
immune homeostasis
-Vascularisation of placenta (and baby?)
-Production of microbial by-products in gut: SCFA,
conjugated linoleic acid, and neurochemicals that
modulate anxiety, memory, cognitive function
-Microbial modulation can induce conditions as
extreme as schizophrenia; and induce depression
(casein)

Probiotics - ‘Live microorganisms which
when administered in adequate amounts
confer a health benefit on the host’

Prebiotics – “a selectively fermented ingredient
that results in specific changes in the
composition and/or activity of the
gastrointestinal microbiota, thus conferring
benefit(s) upon host health”

Microbial DNA in amniotic
fluid and placenta was
associated with changes in TLRrelated gene expression in the
fetal intestine. Maternal
probiotic supplementation
significantly modulated the
expression of TLR-related
genes both in the placenta
and in the fetal gut.
Rautiva et al. 2012

Changes in the maternal diet either throughout pregnancy,
or at defined stages therein, can have pronounced effects
on organogenesis in conjunction with endocrine
sensitivity.
These processes can be brought about by either maternal
consumption of an imbalanced diet and/or a global
reduction in macro or micro-nutrient intake.

3rd WEEK: Central nervous system begins to develop.
Heart beating begins.
14-16th WEEKS: Brain developed to the point that baby can
suck, swallow and make irregular breathing movements.
Iron/Folic acid supplement from early pregnancy to 3
months post-partum showed enhanced working memory,
inhibitory control, and fine motor functioning.
Christian et al. JAMA 2010
The human brain is nearly 60% fat. Essential fatty acids,
particularly the omega-3 fatty acids (α-Linolenic Acid , are
important for brain development during the fetal and
postnatal period (Chang et al. 2009). Lactobacilli can
produce conjugated isomers of α-linolenic acid.

How could bacteria in the gut possibly affect the brain?
Diversity of neurochemicals isolated from various microbial species
Genus

Neurochemical

Lactobacillus, Bifidobacterium

GABA

Escherichia, Bacillus, Saccharomyces

Norepinephrine

Candida, Streptococcus, Escherichia,
Enterococcus

Serotonin

Bacillus, Serratia

Dopamine

Lactobacillus

Acetylcholine

Which other brain functions can we manipulate using bacteria?

(Lyte, 2011)

Probiotics and Myocardial Infarction
Could this help pre-eclampsia?
ACUTE Ischemic Injury
(University of Wisconsin, 2012)

-Rats are pretreated with Goodbelly
Probiotic Drink (Lactobacillus
plantarum 299v) for 14 days
- 30 minute ischemia/ 2 hour
reperfusion surgery, sacrifice
-Measured ischemic injury, serum
cytokine levels

CHRONIC Ischemic Injury
(2012 Pilot study with Dr. Karmazyn)

-Rats undergo coronary artery ligation
WITHOUT reperfusion
-Immediately after surgery, rats are put on
probiotic treatment with Lactobacillus
rhamnosus GR-1
-Sacrificed after 4 weeks
RESULTS:
1. Reduction in maladaptive hypertrophy
2. Increased mechanical function by 40%

RESULTS:
1. 29% decrease in ischemic injury
2. 41% decrease in blood leptin levels
3. 23% increase in mechanical function

Probiotics reduce ischemic injury in both models of acute
and chronic heart failure

So, which probiotic or nutrients
should we give, when and how
during gestation?

What if probiotics could cure of major risk factor for preterm
labour - Bacterial Vaginosis?
20 non-pregnant BV patients inserted vaginally two gelatin capsules
containing Lactobacillus rhamnosus GR-1 and L. reuteri RC-14 (1x109 each
organism) at bedtime for five days. 20 BV patients applied 0.75%
metronidazole vaginal gel to the vagina twice a day (once in the morning,
once in the evening) for five days. (Anukam et al. 2006)
Probiotic Group
BV status

Day 0

Metronidazole (0.75%)
Group

Day 6

Day
15

Day
30

Day 0 Day
6

Day
15

Day
30

Signs and 20
Symptoms

2

2

2

20

8

8

Nugent
Score 7-10

4
20%

3
15%

2
12%

20
11
100% 55%

11
55%

9
50%

20
100%

8

15% of Canadian women of reproductive age have mercury
levels above the levels where neurodevelopmental
abnormalities may occur in children

Toxic metals in Tanzanian children
Toxic Trace Element
Lead (µg/L)
Total Mercury (nmol/L)
Arsenic (nmol/L)
Cadmium (nmol/L)

Average (±SD)
47.1 ± 16.2
9.5 ± 5.3
6.5 ± 2.1
1.2 ± 0.7

Canadian Average1
10.2
2.9
11.4
1.0

Fold Difference
4.6
3.3
-1.8
1.2

1- Canadian children aged 6-11 from the 2010 Canadian Health Measures Survey (Data collected 2007-2009)
2- Reference ranges provided by Trace Elements Laboratory- London Laboratory Services Group

Perhaps recommending
probiotic food can help
reduce subsequent risk of
disease.
We have shown that intake
of probiotic yogurt for one
month can lower some of
these toxins by 2.2% and
2.3% in children while in
the control it increased
7.8 and 13.3%. This trend
was statistically significant
in a pregnant group where
the intervention was for >3
months (p=0.035 and
p=0.012 for mercury and
arsenic respectively).

More than one third of pregnant women receive antibiotics
Asymptomatic bacteriuria
Cystitis
Pyelonephritis
Intra-amniotic infection
Group B streptococcus
genital colonization
Endometritis
Vaginal delivery
Cesarean delivery
Wound infection
Episiotomy
Cesarean section
Mastitis
Nonbreastfeeding
Breastfeeding
Endocervicitis
Chlamydial
Gonococcal
Trichomoniasis
Bacterial vaginosis
Yeast vaginitis
HIV infection

4–8%
1–3%
3–7%
2–10%
10–30%
1–5%
5–30%
1–5%
2–10%
1–4%
5–15%
2–25%
0.5–10%
1–10%
15–30%
5–20%
0.5–30/1000

Newton, E, Glob. libr. women's med.,
(ISSN: 1756-2228) 2008; DOI
10.3843/GLOWM.10175

Prevention of urinary tract infection post-menopause versus antibiotics
252 postmenopausal women with rUTIs (and many complications –
functional abnormalities, post-surgery, incontinence pads) received 12months prophylaxis with either TMP/SMX 480 mg QD (12 were catheterized)
or oral capsules with 109 cfu L. rhamnosus GR-1 and L. reuteri RC-14 BID (5
were catheterized).
Mean number of symptomatic UTIs the year before = 7.0 in the TMP/SMX
group and 2.8 after one year treatment.
Mean number of symptomatic UTIs the year before = 6.8 in the lactobacilli
group TMP/SMX and 3.1 after one year treatment.
After 1 month on TMP/SMX, resistance to TMP/SMX, trimethoprim and
amoxicillin increased from about 20-40% to about 80-95% in faecal and
asymptomatic bacteriuria E. coli. Antibiotic resistance did not increase on
lactobacilli.
Beerepot et al. 2012

How do we change this practice?

We manipulate the microbiota through birthing

Reid et al. Nat. Rev. Microbiol. 2010

Even the microbiota of an obese mother who delivers by C-section
influences the baby’s gut microbiotia. However, fecal samples in the
newborn (blue) collected later in time appear to differ from samples
taken closer to the birth.

Probiotics for NICU – the issues
At 8.20am on December 18th, 1992 my kids were rushed by me from the OR into NICU
They stayed there for five weeks.

Jennifer 32 weeks 4 lb 3 oz

Melissa 32 weeks 3lb 9 oz

Melissa’s life was saved by bovine surfactant created by a Lawson scientist, but a baby in
the unit died from necrotizing enterocolitis
NEC is the most common gastrointestinal emergency occurring in neonates
It is devastating for the infant and family.
In 2000, I urged our NICU to consider using probiotics to prevent it

The evidence in favour of probiotics keeps mountin

In 2014, this Quebec study showing probiotic benefits was the tipping point
– since Sept 2014 every premature baby in London receives probiotics – over
100 babies – no NEC so far.

FloraBABY (Renew Life Canada, Oakville, Ontario, Canada) probiotic mixture; this was chosen because it has a Health Canada
Natural Product Number and contains 4 Bifidobacteria (Bifidobacterium breve, bifidum, infantis, and longum) and Lactobacillus
rhamnosus GG (2 × 109 colony-forming units per 0.5 g) mixed with 1 mL of water just before a milk feed once a day.

We asked the hospital formulary to approve FloraBaby.
The formulary committe said because the ‘big 3’ Toronto
hospitals were using L. reuteri drops, should we do the same?
Even with no data against NEC.

Colic may be a consequence of early gut dysbiosis
- But probiotic therapy helps.
Babies who received the Lactobacillus reuteri probiotic drops went
from crying 3.2 hours (197 minutes) per day at the start of the
study to crying only 0.85 hours (51 minutes) per day after 28 days
of treatment.
Babies receiving the drug simethicone went from crying 3.2 hours
(197 minutes) per day at the start of the study to 2.4 hours (145
minutes) per day after 28 days of treatment.
Pediatrics, 2007

Novel infant formula with fermented Lactofidus resulting from
fermentation by two specific strains of lactic acid bacteria and
0.8g/100ml scGOS/lcFOS 9:1, facilitates the digestibility of proteins
and improves the intestinal transit. Its use in 432 healthy term
infants resulted in 60% lower incidence of colic in infants at 4
weeks of age compared to control infant formula.
Vandenplas et al. 2014 Arch Dis Child.

Aug 4, 2014 – “Let's come together again in the spirit of progress and score for
children by making breastfeeding a global priority”.
So which countries are in the top 10 for exclusive breast feeding for 6 months?
http://www.therichest.com/rich-list/rich-countries/10-countries-with-the-highest-breastfeeding-rates/10/

Top 10 breastfeeding for 6 months
Rwanda
Sri lanka
Cambodia, Solomon Islands, Nepal
Malawi
Peru
Eritrea
Uganda
Egypt and Iran
Bolivia
Madagscar

%
90
76
74
72
71
59
57
56
50
48

Only Iran
(28th) is
ranked in
the world’s
top GDP
countries

The microbiota being
passed on in the milk does
not seem to be influenced
by when the baby arrives
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Which two to select? S21 - no Bifidobacterium detected; S6- high levels of
Bifidobacterium; S41 preterm, C-section, male baby, high Actimomyces;
S34- Pasteurellaceae and Pseudomonas; S24 – very preterm, high Gram –
ves; S9- high Streptococcus; S46- high Acinetobacter and Bifids.

Which organisms do we want to give – when, why and how do we measure success?

In conclusion
• Microbes are critical for health and reproduction
• Probiotics should be considered as part of standard
care during pregnancy and early life.
• They may counter dangerous environmental
pollutants
• Encourage vaginal delivery but consider the profile
being passed on
• Same for breast milk
• Work to align nutrition and microbiotas of mother
abd baby for optimal child development.

