
Infections, Infertility, and Assisted
Reproduction

Assisted reproductive technology (ART) treatment
is vulnerable to the hazard of potential infection
frommany different sources: patients, samples,
staff, and the environment. Culture of gametes and
embryos in vitro provides multiple targets for
transmission of potential infection, including the
developing embryo, neighbouring gametes and
embryos, the couple undergoing treatment, and
other couples being treated during the same period.
This unique situation, withmultifaceted opportuni-
ties for microbial growth and transmission, makes
infection and contamination control absolutely
crucial in the practice of assisted reproduction, and
in the laboratory in particular.
This unique and practical book provides a basic

overview of microbiology in the context of ART,
providing an up-to-date guide to infections in
reproductive medicine. The relevant facets of the
complex and vast field of microbiology are
condensed and focused, highlighting information
that is crucial for safe practice in both clinical
and laboratory aspects of ART. This is an essential
publication for all ART clinics and laboratories.
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Foreword

Roger G. Gosden
The Jones Institute for Reproductive Medicine
Norfolk, VA.

Lucinda L. Veeck
Weill Medical College of Cornell University
New York, NY

Wolbachia are gram-negative, intracellular bacte-
ria that shelter in the gonads of invertebrates, and
have profound effects on the fertility of their hosts.
In some species, infected hosts can only reproduce
parthenogenetically, in others cytoplasmic incom-
patibility prevents infected males from breeding
with uninfected females, and in some cases geneti-
callydeterminedmaleembryosare transformed into
females. Wolbachia engineers effects, as do all par-
asites, for selfish ends. Although this bizarre pathol-
ogy is unknown inmedical science, the relationships
betweenmicrobes and human fertility are nonethe-
less complex, fascinatingand important for theprac-
tice of reproductive medicine.
Unfortunately, andusuallywithoutadvancewarn-

ing, microbes occasionally enter the clinical lab-
oratory through infected semen or vaginal tissue.
Whenthisoccurs,apatient’s treatmentoutcomemay
be seriously compromised because microbes can
quickly deplete nutrients in culture media and alter
the pH, and it would be irresponsible to knowingly
transfer an infected embryo or semen to a patient.
Bacterial and fungal growth are often obvious and
easily tested, but how often do infectious agents
go unrecognized and contribute to the problems of
infertility, treatment failure and even possibly affect
the child-to-be?
This is the first book on medical microbiology

that has been written by experts in reproduction for
clinical scientists and physicians in their own field.
They are to be congratulated on filling a gap in the

xi
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xii Foreword

literature betweenmicrobiology and assisted repro-
duction, which they achieve in three sections. The
first serves as a primer of medical microbiology for
readers who are unfamiliar or rusty on the subject.
The second focuses on microbes that have implica-
tions for human reproduction, whether by causing
infertility (a familiar example being Chlamydia) or
by jeopardizing reproductive safety (such as HIV).

In the final section, the practical implications of this
knowledge are addressed in the context of infertility,
and especially the setting of the clinical embryology
laboratory. Every embryologist is trained in sterile
techniques, filtration of media and prudent use of
antibiotics to keep out the bugs, but a deeper knowl-
edge of the foundations of safe and effective practice
is an undervalued safeguard for patient care.
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Preface

The world of microbes is intrinsically fascinating.
Microbesareabundant ineveryplaceonearthwhere
larger living creatures exist, and they can also thrive
in habitat extremes where no other kind of organ-
ism can survive for long: from deep under the sea to
the stratosphere – up to 32 km in the atmosphere,
in oil formations and in hot telluric water. It is esti-
mated that the total biomass of microbes probably
exceeds that of all the plants and animals in the bio-
sphere. This biomass is predominantly composed
of bacteria, and these microorganisms play a cru-
cial role in recycling much of the organic material
in the biosphere. Despite theirminute size,microor-
ganisms carry out all the fundamental processes of
biochemistry and molecular biology that are essen-
tial to the survival of all living species. Although their
size may give them the illusion of being ‘primitive’,
their range of biochemical and biophysical capabil-
ities is far wider than that of higher organisms. One
of their most important properties is adaptability
and versatility, a key feature in their long history of
evolution. Fossil records suggest that at least some
members of the microbial world, oxygen-producing
cyanobacter-likeorganisms,hadevolved3.46billion
years ago (Schopf, 1993); a viable fungus, Absidia
corymbifera, was recovered from the right boot that
accompanied the frozen, well-preserved prehistoric
corpse, ‘Ice Man’, aged approximately 5300 years
(Haselwandter & Ebner, 1994).
Records of microbial disease that probably influ-

enced the course of history can be found in archae-
ological sites of early civilizations, as well as in later

xiii
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xiv Preface

periods of history. A hieroglyph from the capital of
ancient Egypt dated approximately 3700 BC illus-
trates a priest (Ruma) with typical clinical signs of
a viral infection, paralytic poliomyelitis. The mum-
mified body of the Pharaoh Siptah, who died in 1193
BC,alsoshowssignsofclassicparalyticpoliomyelitis,
and the preserved mummy of Rameses V has facial
pustular lesions suggesting that his death in 1143 BC
was probably due to smallpox. This virulent disease
was endemic in China by 1000 BC, and had reached
Europe by 710 AD. Hernando Cortez transferred the
disease to the Americas in 1520, and it appears that
around 3 500 000 Aztecs died of smallpox within the
next two years – arguably precipitating the endof the
Aztec empire.
In the early 1330s an outbreak of deadly Bubonic

plague occurred in China, one of the busiest of the
world’s trading nations, and rapidly spread to West-
ern Asia and Europe. Between 1347 and 1352 this
plague, ‘The Black Death’, killed 25 million people –
one-third of the population of Europe – with
far-reaching social, cultural and economic repercus-
sions.

The world of assisted reproduction is equally fas-
cinating, and is one that also has a long history of
evolution. The concept of assisted procreation by
human artificial insemination was a topic of dis-
cussion between Jewish philosophers as early as
the third century AD, and tales exist of fourteenth-
century Arab horse breeders obtaining sperm from
mated mares belonging to rival groups, using the
sperm to inseminate their own mares. Assisted
reproduction explores the fundamental principles
behind the creation of a new life, the intricate bio-
logical mechanisms that are involved when mature
gametes come into contact, combine genetically
and set in motion a cascade of events leading to
the correct expression of genes that form a new
individual.

Microbiology and assisted reproduction both deal
with a miniature world, magnified for observation

with the help of microscopy. Culture of microor-
ganisms and of preimplantation embryos in vitro
requires special media and growth conditions to
promote cell division, and both are visualized and
assessed at various stages following cell division. A
knowledge of microbiology is fundamental to the
safety and success of assisted reproductive tech-
niques–butthefieldofmicrobiology isvast,andcon-
tinues to increase in complexity with the discovery
of new organisms and implementation of newmed-
ical treatments. The field of assisted reproductive
technology also continues to expand and develop,
particularly in areas of science and biotechnology.
Members of an assisted reproduction team are not
usually also experts in infectious diseases, and may
find it difficult to identify and follow significant
areas of microbiology that can impact upon their
practice.
Thepurpose of this book is to select areas and top-

ics in microbiology that are specifically relevant to
assisted reproductive technology (ART), in order to
provide a very basic background of facts and funda-
mental principles. A background of understanding
can help prevent contamination and transmission
of disease in ART, and also limit the opportunities
for microbial survival in embryo culture and cryop-
reservation systems. The book is divided into three
Parts:

Part I provides an outline of microorganism
classification and identification, as a foundation
for understanding the relationships and the
differences between the types of organisms that
may be encountered in routine ART practice.
The microorganisms that are human pathogens
or resident flora, and those that are routinely
found in the environment are introduced. Each
chapter includes an Appendix of antimicrobial
drugs and their modes of action.

Part II details organisms that cause disease of
the reproductive tract and those that are
blood-borne pathogens, describing their
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Preface xv

etiology, pathogenesis, diagnosis, pathology and
treatment.

Part III describes the practical application of
microbiology principles within an assisted
reproduction laboratory.
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