Mayrhofer’s Discovery

About one hundred miles west of Vienna, a short distance south
of Austria’s main east-west Autobahn, is an ancient Benedictine
monastery named Kremsmiinster, founded in the eighth century.
Its present buildings date from the seventeenth and eighteenth
centuries, and, like most Austrian architectural monuments,
they are predominantly baroque. The abbey is located in the
hilly transition zone between the Danube basin to the north-
cast and the Austrian Alps to the southwest and is beautifully
situated on the shoulder of a steep hill overlooking the Krems
river. The hills surrounding the abbey are mostly covered with
farms and pastures, but also with vineyards and isolated patches
of pine forest.

In 1839 Karl Wilhelm Mayrhofer was appointed physician to the
Kremsmiinster abbey. Mayrhofer and his wife, Josepha Wildschgo
Mayrhofer, moved into a large gray building located just outside
the northern walls of the monastery. At the time, the couple
had a son named Carl, who had been born two years earlier on
2 June 1837. As he grew older, Carl attended school in the abbey,
where his teachers recognized that he was unusually bright.
Following his father’s example, Carl Mayrhofer went on to study
medicine at the University of Vienna.
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In 1860, the same year in which Semmelweis’s book appeared,
Mayrhofer was awarded an M.D. degree. After studying surgery
for two additional years, he decided to specialize in obstetrics.
In 1862 he was appointed second assistant to Carl Braun, who
had replaced Johannes Klein as professor of obstetrics at the
university. Thus, Mayrhofer began working in the first section of
the Viennese maternity clinic—in the same facility where, fifteen
years earlier, Semmelweis had insticuted chlorine washings.

During the 1850s, in various books and articles, Carl Braun
had identified thirty possible causes of childbed fever. Among
these, he had given particular attention to the possibility of
infection by airborne germs. In the 1850s, tissue decomposition,
as is regularly observed in childbed fever, was believed to resemble
organic fermentation; and the young French chemist Louis Pasteur
had argued that fermentation occurred when a fermentable sub-
stance, such as grape juice, was invaded by airborne germs. This
made it seem likely that childbed fever could also be caused by
the invasion of germs. Semmelweis ridiculed Braun for trying to
explain the disease in this way;! he insisted that airborne germs
were itrelevant and that the disease always arose from the resorp-
tion of decaying animal-organic matter. At the time that Mayrhofer
became Braun’s assistant, Braun was intensely interested in this
dispute. Mayrhofer later wrote: “‘[Professor Braun] encouraged
me to the highest degree. He said he had such an interest in
resolving the affair he would gladly cover the research costs from
his own resources and make available to me, for this purpose, all
the clinical materials [ie., maternity patients and corpses).”’2 Braun
probably expected that Mayrhofer would confirm his own views
about the etiology of childbed fever.

Mayrhofer immediately began studying the possible role of
microorganisms in the disease. Because childbed fever often
seemed to originate in the uterus, Mayrhofer began looking
for living organisms in the uterine discharges of puerperal fever
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into the genitals of newly deliveted rabbits. Most of the rabbits
became diseased and died, and postmortem examinations revealed
large numbers of the same vibrions as well as morbid changes
similar to those in puerperal fever victims.
For more conclusive evidence of causality, Mayrhofer cultivated
vibtions in a sugar and ammonia solution. After filtering the
solution to isolate the vibrions from other decomposition pro-
ducts, he sprayed the vibrions into the rabbits’ genitals. Again
the rabbits died, and again Maythofer found the familjar morbid
remains in their carcasses.
Mayrhofer’s early work was based directly on Braun’s concept
of childbed fever, and his initial results were entirely compatible
with Braun’s views. Perhaps this contributed to the favorable
reception that Mayrhofer’s first publications received in Vienna.
By 1864 Braun had good reason to feel vindicated. His views
seemed to be supported by Maythofer’s discoveries, Another of
Braun’s students, August Theodor Stamm, presented papers in
which he argued that improved ventilation, rather than the use
of chlorine washings, was responsible for the favorable mortality
rates in the first section of the clinjc s Braun himself published
Papers maintaining that proper ventilation was the most important
prophylaxis against childbed fever.s Og the strength of the accumu-
lating evidence, Braun persuaded the Viennese authorities to
install an expensive new ventilation system in the maternity clinic.
However, just as Braun seemed to be winning the dispute about
the nature of childbed fever, further research led Mayrhofer to
conclude Braun’s concept of the disease was fundamentally wrong.
Toward the end of 1864 Mayrhofer delivered a second lecture
on childbed fever. This lecture was published in 1865—the same
year in which Semmelweis died in the Viennese insane asylum.,
It was to be Mayrhofer’s last work on childbed fever.” After this
lecture, Mayrhofer completely abandoned his innovative tresearch
on vibrions. Over the next several years, he published a few
articles on various topics in obstetrics, but in only one passage
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It was immediately apparent that Mayrhofer’s concept of the
disease was closer to Semmelweis’s than to Braun’s. While
Mayrhofer worked in the first section of the obstetrical clinic,
Joseph Spith supervised the second section—the section in which
midwives were trained. In 1863 and 1864 Spith published several
statistical and historical studies of the incidence of childbed fever.
In one such study, Spith wrote that Mayrhofer’s discoveries con-
firmed Semmelweis’s view because, according to Mayrhofer, the
infective agents in the disease were vibrions that flourished in
decomposed animal mattert Spith also noted that, in spite of
what may be said in public, every obstetrician now believed that
Semmelweis had been correct? Another Viennese obstetrician
went even further: A. C. G. Veit wrote that, in addition to
confirming Semmelweis’s view, Maythofer and Spith had actually
refuted Braun’s opinion that ventilation significantly influenced
the incidence of childbed fever:

Contemporary physicians at the Viennese General Hospital were
dismayed by the unusual bitterness manifested by advocates of
the opposing theories of childbed feveri4 By openly disagreeing
with his chief, Mayrhofer sealed his own fate: his second lecture
was poorly received, and, in spite of his initial success, Mayrhofer’s
work was rejected. Looking back a few yeats later, one contem-
porary physician observed, ‘‘If one says that Mayrhofer’s work
attracted universal attention, this should not be understood in
one sense only. Such an energetic talent that transcends the mass
of medioctity often finds itself all too vulnerable.’’15

Soon after giving his second lecture, Mayrhofer left the first
clinic and entered private practice. In 1870 he was appointed
private docent of obstetrics and women'’s diseases, and a few years
later he was appointed adjunct professor of the same specialty.
At first, Mayrhofer met success in his private practice. How-
evet, through the 1870s, he experienced a series of misfortunes.
While still working in the Viennese first clinic, Mayrhofer had

suffered from lymphangitis and had begun to spit up blood. These
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There has been a long-standing tradition that Semmelweis and
Maythofer were generally ignored through the middle decades
of the nineteenth century. While this was true in Austria and in
Hungary, in Germany the situation was quite different.

Semmelweis’s book was published in the fall of 1860. In 1861,
at 2 meeting of German physicians and scientists, Wilhelm Lange,
professor of obstetrics in Heidelberg, declared himself to be
an adherent of Semmelweis’s theory. Lange claimed that his own
experiences and the mathematical basis of Semmelweis’s work had

persuaded him that Semmelweis was correct.22 Between 1860 and
1865, the year in which Semmelweis died, Semmelweis’s work
was discussed in mote than forty major medical publications and in
more than a dozen reviews.23 Most of these accounts appeared
in German periodicals. Semmelweis, who had become preoccupied
with past events, seems never to have realized that his ideas were
being discussed and accepted in Germany.

In 1868, just three years after Semmelweis died, 2 German

professor named Max Boehr noted that Semmelweis’s theory of
the infectious origin of childbed fever

has the characteristic of every good pathological and physio-
logical theoty: it provides a unified, clear, and entirely
intelligible meaning for a whole series of anatomical and
clinical facts, and for the relevant experiences and discoveries
of reliable observers of epidemics among maternity patients.
None of the earlier or alternative theories or hypotheses

regarding the occurrence of childbed fever has this char-
actetistic to the same degree.24

Boehr believed Semmelweis’s theory could account for every case
of the disease. He observed that Semmelweis’s work dealt a severe
blow to “‘the superstitions of our predecessors, who believed
in unknown cosmic-telluric-atmospheric influences and . . . in

miasms.”’? Boehr mentioned that Veit, Spith, and Mayrhofer had
supported Semmelweis’s theory.
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made it seem plausible that wound infections were due to living
parasitic organisms. In the 1870s more than half of all publications
associating bacteria with diseases concerned wound infections, 3t
In the 1880s, both French and German physicians observed that
the germ theory of disease had originated from studies of wound
infections and especially from the investigation of childbed fever.
Thus, while the Austtians and the Hungarians ignored Mayrhofer
and seemed ashamed of Semmelweis’s memory, elsewhere, their
work was recognized and became part of the foundation for the
modern germ theory of disease.

Through the nineteenth century, obstetricians gradually came
to accept the views of Semmelweis and Mayrhofer, but, for tens
of thousands of women, this acceptance came too late.

Sophia Jex-Blake, one of the first women to be awarded an
M.D. degree in modetn times, gave the following account of the
otigin of a childbed fever epidemic that occurred in Boston during
the winter of 1866 and 1867:

On Friday, Nov 2nd, A. S. was admitted to the Hospital
and delivered of a female infant, which had apparently died
two or three weeks previously. . . . A. S. was a married
woman, but exhibited evident signs of syphilis, and to this
infection the death 7 wtero was probably due. On the
following day, Saturday, one of the assistant doctors in
the Hospital made a postmottem examination of the fetus,
femoving the uterus and other organs, and being thus
occupied probably for some hours.

On Sunday, Nov 4th K. M. entered the Hospital in the
second stage of labor. Age 22; unmarried; primipara [first
delivery). . . . She had had labor pains to a greater or lesser
extent, since the preceding Thursday, and, being homeless
and friendless, she had been exposed to great hardships, and
had, on the morning of her admission, walked into Boston
from a distance, and then wandered about the streets for
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hours before she was brought to the Hospital. It so haPpened
that on her admission she was received and first cxarmqed by
the assistant just mentioned, though subsequently delivered
by another petson. The baby . . . was born about 4 E.m.,
and a severe laceration of the perineum took place.

Five days later, after great suffering, the woman died of chll.d-
bed fever, and over the next few weeks several other maternity
i ied. o
pageunrtiix; the second half of the nineFecnth century—in s}p;ne of
the evidence generated by Semmelwets, Mayrhofer_, @d others—
many doctors continued dissecting cadaver; examining paft;er'lts,
and arguing about etiology. Each year, oblivious to the su ‘ermg
and tragedy by which they were engulfed, they consigne

thousands of young women to early deaths.
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Puerperal Infection

What is the current medical concept of puerperal fever, and how
common is the disease today? The US. Joint Committee on
Maternal Welfare has defined ‘‘standard puerperal morbidity,”
as a *‘temperature of 100.4 [or higher], the temperature to occur
in any two of the first ten days postpartum, exclusive of the
first twenty-four hours, and to be taken by mouth by a standard
technique at least four times daily."* A similar definition has
been adopted in England: “‘a fever of 100.4 over a petiod of
twenty-four or more hours during the three weeks after child-
birth.’’2 However, it is almost impossible to determine how fre-
quently these standards are met. Women are usually discharged
from maternity facilities within one to four days of delivery;
and once they are discharged, no one regularly records their
temperatures.

Moreover, even if one had such records, it is not clear exactly
what they would reveal. An elevated temperature is not always
a sign of morbidity. Fever is a common postpartum phenomenon,
and it can have various causes, such as hormonal changes, reaction
to drugs, or various medical conditions unrelated to delivery. Most
postpartum fevers subside spontaneously within a few days and
have no adverse consequences, so they may not really indicate
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puerperal morbidity. As nineteenth-century physicians of;
observed, not all fever in puerperae 1s puerperal fever e
. At present, medicine favors concepts of diseases that. describ
either an observable change in body tissues or the cause of sym )
toms. These preferences reflect the influence of patholoy i Pi
anzjl‘tomy and of the quest for causal definitions. Thus. the conglca
of ' puerperal fever’’ is no longer favored as a diagno;tic cate ory.
Il:l its place, modern medical texts employ two kinds of tc%:)nrz
‘Flrst,.as was the case in the nineteenth century, it is comm .
1dg1t1fy the specific organs or tissues that are cha;lged in pue o :l)
dlsca.sg FoF this purpose, physicians use such terms aE “;E(C;
fr‘letrltls” (inflammation of the mucous membrane of the ut ,,
“meFropbl‘cbitis’ " (inflammation of the veins of the uterus)emSZi’
peritonitis” (inflammation of the serous membrane that ’lia )
t}.le walls of the abdomen)—terms invented by eighteenth- amiis
pmeteer?th-century pathologists. However, there is this differc:nn :
1n tbe m_netecnth century, these terms simply identified infla o
mations in particular tissues and were strictly neutral with res e
to causation; today, the use of a term like “‘endometritis’’ olf)’SCt
presupposes that the inflammation in the specified tissue i c;cn
to an mfecp'on by parasitic microotganisms. TR
Second, in place of the term “‘puerperal fever,”’ physicians al
speak of infection, sepsis, shock, or toxicity. T}’ICSC terms d'ffS )
fr.om terms like “‘metrophlebitis’ or “peritonitis’’ in that tlh o
(gii\;; lr’l(; indication lwhc:rc: the disease process is focused They al:)’
ef from terms ike “‘fever’” or “‘inflammation’’ j '
name different ways in which fever and othetrl(())ri)selrsagiztsghey
and symptoms otiginate. In this latter sense, each of these c(f;’ns
cepts is at'lcast partially causal. ‘“Infection’ is any abn “i
@ultlpllcatlon of parasitic organisms in a living host ai;d “sc:O m’l?’
is the destruction of living tissues by parasitic org::misms ’IP;IS
tbese.terms are closely related. “‘Shock’’ refers to a sudden.r dus’
tion in the volume of blood returning to the heart fr . LLC
peripheral circulatory system. Shock can be caused by d?f"rfgrct:ni
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conditions, such as hemorrhage or allergy, but it can also be caused
by infection. **Toxicity’" refers to the accumulation of toxins ot
poisons within the body; this also can have various causes, one
of which is infection. Thus, in the context of puerperal morbidity,
while infection, sepsis, shock, and toxicity are distinguishable con-
ditions, they occur regularly in combination. The earlier concept
of puerperal fever included many, but not all, of the cases that
would now fall into each of these categories. The modern terms
used most commonly in reference to what earlier physicians would
have called *‘childbed fever” are ‘‘puerperal infection” and
“‘puerperal sepsis.”’

However, in using these
ot to introduce an ambiguity. Both terms could be taken to refer

to some condition in puerperae that is either unrelated or only
indirectly related to delivery. For example, urinary tract infections
are fifteen times mofre common in women than in men, and the
incidence of such infections increases during pregnancy. One could
refer to a urinary tract infection in puerperae as a puerperal
infection. However, using the term so broadly would reduce its
usefulness and would also be inconsistent with the historical con-
text from which the term has emerged. Insofar as they were able,
nineteenth-century physicians would have excluded these cases
from their categoty of “childbed fever,” and this is also done
today. Thus, ‘‘puerperal infection’’ and ‘‘puerperal sepsis’’ are
usually limited to genital tract infections that follow and result
from labor, delivery, or abortion; this is the sense in which we
will use these terms.
How common is puerperal infection? A study conducted 1n 1951
at Queen Charlotte’s Hospital in London found that of 2,701
deliveries there were 1,423 cases of fever but only 141 cases—
just over 0.5 percent of the total births—of ‘‘true genital tract
infections.’3 However, many physicians routinely prescribe pro-
phylactic antibiotics to all puerperae, and antibiotics are always
administered promptly to any patient who seems especially at risk.

two modern terms, one must be careful
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Thus, many incipient puerperal infections ate controlled before
they become clinically apparent, and the 1951 study is not
a reliable indication of the true incidence of such infections,
Obviously it would be unconscionable to withhold treatment
for the sole purpose of determining the ordinary frequency of
infection; therefore, one must be content with estimates. In the
United States at the present time, puerperal infection is believed
to occur in between 1 and 8 percent of all deliveries ¢ a rate
close to the incidence of puerperal fever reported in successful
nineteenth-century maternity facilities. On the other hand, in
the United States at the present time, only about one hundred
women die each year from puerperal sepsis—about three for every
one hundred thousand deliveries. This rate of mortality—although
a substantial part of the overall rate of maternal mortality and a
tetrible burden—would be regarded by nineteenth-century obste-
tricians as incredibly favorable.

Today, the single most important risk factor for puerperal
infection is cesarean section.

Both for frequency and severity of pelvic infection, cesarean
section has emerged in the last few decades as the major
predisposing clinical factor. . . . [Cesarean section involves)
a five to thirty fold increase in risk of puerperal infection.
Published accounts of post cesarean section infection reveal
that endometritis occurs in twelve to fifty-one percent. . . .
Bacteremia develops in eight to twenty percent, and other
serious complications . . . occur in two to four percent of
indigent patients with endometritis after cesarean section.
. . - Reasons for higher infection after cesarean section include
increased intrauterine manipulation, foreign body (suture
material), tissue necrosis at the suture line, hematomaseroma
formation, and wound infection.s

Another important risk factor for puerperal sepsis is socioeconomic
status: indigent women have higher than normal rates of infection.

PuerperaL INFECTION 101

The rates may be higher because these women are more likely
to deliver in teaching hospitals, where they are cxamine.d more
frequently during labor. In other words, as in Semmelweis’s flay,
their increased risk stems not from a lack of medical attention,
but from too much of it. o

Other risk factors include the frequency of vaginal examinations,
the level of fetal monitoring, and the length of stay in hospitals.
As in the past, most of today’s risk factors for puerperal infection
involve forms of medical intervention. Other things being equal,
the less the medical involvement in the birth process and the
shorter the patient’s stay in the hospital, the healthier she is
likely to be.

Within thirty years of the publication of Semme.lweis’s Et.z’ology
of Childbed Fever, physicians had concluded that microorganisms—
rather than decaying organic matter—caused what was then called
“‘childbed fever.’ By the late 1880s, physicians had concluded
that a particular kind of microorganism——strcptococq———were most
frequently involved in the disease. Which microorganisms are now
regarded as the causes of puerperal sepsis? o .

Postpartum genital tract infections ordinarily involve a variety
of organisms; in most cases, there is no one causal agent. In
a recent study, more than 80 petcent of cases of puerperal er}do-
metritis wete found to involve more than one species of organism.
On average, about three different organisms would be identified
in each case of the disease.$ N

At any given moment, the human body is inhabited by billions
of microorganisms. Those that regularly inhabit the body are
called ‘‘endogenous’’; those that invade opportunistically are c?.ﬂed
“‘exogenous.” Usually, both kinds of organisms are relaflvely
harmless, and many endogenous organisms actually contribute
to good health in various ways. The body’s defenses repel most
invasions of potentially pathogenic organisms before they cause
observable disease symptoms. Even many infections of streptococcal
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bacill%' have no harmful consequences. On average, people
experience symptomatic disease episodes caused by streptococei
about every three to four years, and asymptomatic infections are
even more common.

As a part of their ordinary metabolic processes, microorganisms
create various chemical byproducts that are either given off as
waste of become incorporated into the structure of the parasite,
Metabolic wastes diffuse more or less randomly through the tissues
surrounding the parasite; and while some of these byproducts are
harmless, metabolic wastes and even parts of the microorganism
its‘elf can be poisonous to the host. Some metabolic wastes from
microorganisms are exceptionally virulent. Indeed, they include
the most deadly of any known poisons: for instance, *‘it has been
calculated that as little as seven ounces of crystalline botulinum
type A toxin would suffice to kill the entire human population
of the world.”’” When pathogenic parasites multiply within the
body, the toxins they generate may become so abundant in
Fhe living tissues that they gradually poison the host. The result
1s what we call ‘‘disease.’” At present, it is not possible to trace
each specific disease symptom to the production of a specific toxin.
However, most of the symptoms associated with ordinary infectious
diseases are assumed to result from this process of intoxication.

' Stre‘ptococci ate unable to produce for themselves all the
vitamins and amino acids that they require, and these nutrients
must Qrdinarily be derived by breaking down the host’s tissues.
F0¥ this reason, streptococci cannot easily be grown outside living
animals. However, in the late nineteenth century, researchets found
that streptococci could flourish on a combination of sheep blood
and agar; this red opaque gelatin came into common use as a
culture medium. When streptococci grow on blood agat, some
colonies become surrounded by a greenish margin while others
foFm a margin that is transparent. When examined under a
microscope, agar from the greenish margins can be seen to contain
many discolored blood corpuscles, whereas agar from transparent
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margins contains no blood corpuscles at all. This is interpreted
to mean that the streptococci that form greenish margins are
unable to disintegrate completely the red blood cells embedded
in the agar, while those that form transparent margins are able to
do so. In 1903 Hugo Schottmuller proposed using this difference
as a basis for classifying streptococci. Strains of organisms that
form greenish margins on blood agar are called ‘“alpha-hemolytic,”
and those that produce clear margins are called “‘beta-hemolytic”’
or, frequently, just ‘‘hemolytic.” Still other strains produce no
visible changes in blood agar, and these strains are called *‘gamma-
hemolytic.” All three varieties can cause human and animal
diseases, but the overwhelming majority of all pathogenic strepto-
cocci are beta-hemolytic.

Streptococci are also classified in terms of the immune reactions
that they provoke when they invade a new host, and this classifi-
cation cuts across the classification in terms of hemolytic reactions.
When an alien substance is introduced into living tissues, the
immune system may begin producing distinctive molecules that
become attached to the alien ones just introduced. Alien sub-
stances that trigger this response in the immune system are called
“antigens,” and the molecules produced by the immune system
are called ““antibodies.” By becoming attached to an antigen, the
antibody helps reduce its harmful effect on the body. This can
be accomplished in various ways. Some antibodies group antigens
into clumps so that they cannot diffuse through the body; some
mark antigens for subsequent destruction by other components
of the immune system; and other antibodies merely coat antigens
so that the host is shielded from their toxic effects. For the most
part, each antibody is created specifically to attack one particular
kind of antigen, so new antibodies must be created each time
the body is invaded by antigens of a new kind.

In reality, streptococci and other bacteria are enormous in com-
parison to the size of individual antigenic molecules; and instead
of treating an invading bacterium as a single antigen, the immune
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system typically produces a variety of antibodies that attach
themselves to various specific parts of the cell walls of the invaders.
Thus, different segments of the cell walls of a given bacterium
may function as different antigens and provoke the production
of different antibodies. The cell walls of streptococcal bacilli
contain particular carbohydrate molecules that function as anti-
gens. In 1933 the American bacteriologist Rebecca C. Lancefield
proposed classifying streptococci according to the antigenic
properties of these carbohydrates. She originally distinguished
five main groups of bacilli, which she labeled by the letters
A through E.

Lancefield found that the streptococci recovered from most
human infections were included in her group A. She originally
isolated from cattle the bacilli that constituted group B. Group
C strains came from various animals such as cattle, horses, rabbits,
and guinea pigs. Group D organisms came from cheese, and
group E streptococci were isolated from milk.? Two years later,
Lancefield and Ronald Hare identified two new groups, F and G.
They also reported research on the incidence of different groups
of streptococci in infections of the birth canal of postpartum
women. They noted that

the vast majority of strains from definite infections of the
uterus are members of group A. . . . The vast majority of
hemolytic streptococci from the birth canal which do not
bring about active infections are not members of this group.
Most of them fall either into group Bor D. . . . The human
nasopharynx is the main reservoir of group A strains in
nature. Because of this, and because of the great rarity of
group A streptococci in the normal vagina, ante partum,
there can be little doubt that the vast majority of puerperal
hemolytic streptococci infections are due to inoculation from
some other source than the patient’s genital tract and prob-
ably arise from the above mentioned reservoir in the patient
or attendants.?
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This was an important discovery. In the 1930s, obstetricians
believed that puerperal sepsis was ordinarily due to streptococci
that were endogenous to the birth canal. This meant that the
physicians themselves were not responsible for most cases of
the disease and that they could do little or nothing to prevent
it. Of course, this was a slightly more sophisticated version of the
same general attitude that Semmelweis had opposed seventy years
earlier. And as in Semmelweis’s time, this belief fostered careless-
ness in the use of antiseptic measures. It was generally believed
that obstetrical operations—such as delivery—required less stringent
antiseptic measures than were required in surgery!® Lancefield’s
discovery that puerperal sepsis is usually caused by group A strepto-
cocci conclusively refuted this view and proved once again that
most cases of puerperal infection were caused by the intervention
of medical personnel.

Within Lancefield’s classification scheme, which is still in use
today, group A streptococci are recognized as the most important
bacterial agents in human disease. Consequently, organisms of
this group have been studied extensively. Group A bacilli seem to
form two natural classes: strains from one class usually attack the
skin, and strains from the other class attack the throat. Group A
strains that cause skin infections are mofe common in warm
climates, they seem not to occur epidemically, and they usually
cause local rather than systemic disease symptoms. By contrast,
group A strains that typically invade the throat are mote common
in cold climates and in the winter, they often occur in epidemics,
and they frequently cause systemic symptoms such as fever. If
allowed to invade the body under suitable conditions, group A
strains of this second variety can also cause such diseases as erysipe-
las, pneumonia, theumatic fever, scarlet fever, and puerperal fever.

Most of the horrible epidemics of childbed fever in the eigh-
teenth and nineteenth centuries wete probably caused by those
strains of group A streptococcal bacilli that normally attack the
throat. This conjecture is based on clinical, pathological, and
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epidemiological similarities between what was reported in the
great epidemics and modern observations of disease episodes
known to be caused by these group A bacilli.

In contrast to group A organisms, group B streptococci are often
endogenous to healthy humans; they are commonly found in the
intestinal tract and in the female genitals. Between 5 and 30 pet-
cent of pregnant women have vaginal colonies of group B strepto-
cocci, and the rate seems to be highest for Caucasian women
under twenty years of age. These bacilli can spread to the urinary
tract, where they can cause infections.

In 1935, R. M. Fry reported finding group B bacilli in three
cases of puerperal sepsis!! However, during the next three decades,
group B streptococci received little medical attention. Reports
of group B infections became more common in the medical
literature during the 1960s; and in succeeding decades, such
reports have become ever more prominent. Puerperal infections
from endogenous group B strep usually occur when the genitals
are damaged in delivery and the organisms invade the bloodstream
or other tissues. Patients undergoing cesarean section are particu-
larly at risk. Postpartum group B streptococcal infections typically
involve the sudden onset of high fever, usually within twelve hours
after delivery. However, the symptoms in group B infections are
sometimes indistinguishable from those obsetved in group A
infections, and conclusive identification of the causal agent requires
bacteriological examination. Whether the increase in reported
cases reflects a shift in the relative prevalence of the causal agents
themselves or whether the change is to be explained in some
other way remains to be seen.

In spite of the great notoriety of the puerperal fever epidemics
in earlier centuries, sporadic cases of the disease have probably
always accounted for at least as many total deaths as have the
epidemics?2 On the other hand, since the epidemics were mostly
limited to the inhabitants of maternity clinics, sporadic cases are
drawn from a larger population. Thus, while they may account for
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more total deaths, they are proportionately less common. That
many sporadic cases were caused by endogenous group B strepto-
cocci that exploited an opportunity to invade the damaged genital
tissues of the puerperae now seems likely. These cases would
explain many of the instances Semmelweis attributed to self-
infection.

In the context of human birth, there is one striking difference
between group A and group B infections. Group A streptococcl
generally attack the mother, usually when exogenous bacilli are
introduced into the birth canal by medical attendants. By con-
trast, group B infections generally attack the fetus or the neonate
when it is exposed to bacilli that are either endogenous to the
birth canal or else cartied by medical petsonnel. About 75 percent
of babies delivered by women who harbor vaginal group B strepto-
cocci become contaminated in the course of delivery; however,
only a small percentage of these babies become diseased. Moreover,
between 16 and 45 percent of nursery personnel carry group B
streptococci, and contamination of the newborn by medical atten-
dants is also very common.

Altogether it has been estimated that twelve thousand to fifteen
thousand newborns contract group B streptococcal infections
each year and that within this group the mortality rate is about
50 percent? A German study conducted between 1983 and 1988
examined 222 cases of neonatal septicemia and meningitis. The
incidence of disease was just below 1 percent of all the babies
delivered: and of those who became ill, the fatality rate was
45.9 percent. Group B streptococci were frequently isolated as
one of the causal agents. Following critetia established by the
US. Centers for Disease Control in Atlanta, these German re-
searchers concluded that **152 (68.5%) of the 222 infections were
nosocomial.’14 The term *‘nosocomial’’ refets to a condition con-
tracted within the hospital environment. So the conclusion of this
study is that well over half of all the neonates who became diseased
had contracted their infections from their hospital surroundings.
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There is also evidence that the rate of group B infection among
neonates is increasing. A recent Swedish study found that the rate
of neonatal group B infections increased consistently between 1973
and 1985. The authors concluded that the increase “‘probably
reflects a true increment related to an increased rate of coloni-
zation of pregnant women with GBS [group B streptococci]
during this period.’’1> So group B streptococci present a real
and growing threat to the health of mothers and especially of
infants.

Streptococci from groups C and G are also found in the female
genital tract, and both have been associated with epidemic and
sporadic puerperal sepsis6 However, these ate not common patho-
gens in puerperal disease.

In addition to streptococci, several other parasitic organisms
can cause puerperal infections. From the middle of the nine-
teenth century, it has been recognized that many organisms—
including streptococci—flourish in the presence of ordinary air
while others can survive only in atmospheres that contain little
free oxygen. The former are called “‘acrobic’’ and the latter
“‘anaerobic.”’ Various anaerobic microorganisms are normally
endogenous to the female genitals. During the latter part of the
nineteenth century, researchers established that various other
anaerobic organisms could invade the human body opportu-
nistically and cause different infections. Anaerobic organisms

have probably accounted for a significant percentage of sporadic
cases of puerperal infection 7

Escherichia cols, commonly known as E. co/, is an aerobic
bacterium that normally flourishes harmlessly in the intestinal
tract. However, when E. co/s invades other tissues, it can cause
several serious diseases, including gastric disorders among the
newborn, urinary tract infections in adults, and puerperal sepsis.
E. coli is readily spread by the bloodstream and can cause infec-
tions throughout the body. E, co/% invasions of the vascular system
are characterized by the sudden onset of alternating fever and
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even years—certainly long after all symptoms have disappeared
Moreover, many and possibly most cases of strep infection t:mz
a;yr;lptomatlc: Thus, at any given time, a significant petcentage
of the @pulaﬂon may be carrying and spreading group A stre

cocci without even knowing that they are infected. i

Following an epidemic that attacked twenty women in the
Boston hospital in 1965, epidemiologists found that about
five percent of ic hospital staff and ten to fifteen percent
of the ne.xghbormg community were asymptomatic carriers of
hemolytic streptococci. Of the forty hospital carriers, four had

posttive throat cultures for
. . group A and one ha iti
skin lesion.?! e posice

Even i .
: };rcn if meidlcal personnel were to wash conscientiously, many of
em [ ‘
throatswou d bct cartying group A streptococci in their noses and
o tat }z:ny glllven dt;mc. From these sources they could constantly
ct therr hands. Moreover, th I isi
: , the patients and visitors wh
vyge . 0
enter delivery facilities may also carry streptococci. After delivery,
a . . ’ !
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can be infected by visitors. , ’
Stre i are usu 1 also
S readpttl;)Icoca are 'ally spread by touching, but they can be
Ifis - kIi)ugh the air bY way of dust particles, called ‘“fomites.”’
own how readily streptococci can be carried by fomites

Currc‘nt infectious disease officers recommend a hospital
practice that places less emphasis on the control of fonI:it:s
and more emphasis on the isolation of carriers and the
washing of hands between patients. This is designed to pre-

vent . . . .
( the direct transmission of infection from patient to
patent and from attendant to patient.22

But ! i
; even 1df fomites are not the usual means by which infection
s con

veyed, such a conveyance can occur. Taking all of this into
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account, it is unlikely that even conscientious washing of the kind
that Semmelweis recommended could, by itself, prevent dis-
semination of the causal organisms. At least given present opinion,
the control of puerperal sepsis depends at least as much on therapy
as on prophylactic cleanliness.

Irvine Loudon has shown that 1937 was the crucial year in which
chemotherapy first significantly reduced maternal mortality. While
it is possible that the decline in mortality was due, in part, to
a spontaneous reduction in the virulence of streptococci, the
decline seems to have been due primarily to the introduction of
a class of drugs known as ‘‘sulfonamides.”??

In 1932 a group of German chemists working at an industrial
laboratory synthesized various chemical compounds in the quest
for an antibacterial agent that could be taken internally. One of
the chemicals they produced was called “‘prontosil.”” In 1935
a2 member of this group, Gerhard Domagk, announced that
prontosil—although relatively ineffective against bacteria grown
experimentally outside the body—protected living mice against
virulent streptococci. Four years later in 1939, Domagk was awarded
the Nobel prize for his work; but by that time the National
Socialists (the Nazis) controlled Germany, and Domagk was
obliged to refuse the award.

Shortly after the announcement of Domagk’s discovery, French
chemists showed that the specific part of the complex prontosil
molecule that was effective against streptococci was an aminophenyl-
sulfamide and that other related chemicals built from this same
constituent could also be useful.

Over the next few months, various physicians reported the
use of prontosil on humans suffering from erysipelas and from
puerperal fever. The reports wete consistently favorable but were
accompanied by too little clinical and bacteriological evidence to
be really conclusive. In 1936 Leonard Colebrook and Meave Kenny
published two reports of trials using prontosil on mice and on
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a total of sixty-four victims of puerperal sepsis. Prontosil was
found to be effective even in advanced cases in which streptococci
could be readily isolated from the patient’s blood—a condition
that, in most instances, ‘‘made the prognosis extremely grave. ’24
One very ill patient had a temperature of 105 degrees, and each
cubic centimeter of her blood produced more than five thousand
colonies of hemolytic streptococci. Colebrook noted that previously
he had found bacilli concentrations of this magnitude only in
terminal stages of fatal infections. Yet, incredibly, on the fourth
day of treatment, the patient’s blood was sterile and her tem-

perature had fallen to the normal level. Although he tried to be

appropriately cautious in reporting his work, Colebrook could

only describe the effects of prontosil as spectacular. This was the

first time any chemotherapy had been proven effective against
streptococci. Within months, the sulfonamides were being so
widely used that, even in the first year of their use, they signifi-
cantly reduced maternal mortality in the British Isles.

However, the use of prontosil and of the other sulfonamides

was subject to various problems. Strains of hemolytic streptococci
soon emerged that were resistant to treatment by these drugs,
and patients sometimes developed allergic reactions. There was
clearly a need for other drugs that would be more effective and
yet less toxic.

The discovery of penicillin by Alexander Fleming in 1928 (along
with its subsequent development in the 1940s) was destined to
have a greater impact on the treatment of streptococcal infections
than any other single therapeutic measure before or since. Fleming
made his initial discovery when airborne mold spores accidentally
invaded a culture plate and began growing among colonies of the
staphylococci that Fleming was cultivating. Fleming noticed that
the bacilli colonies surrounding the mold disintegrated spontan-
eously. He removed the mold and cultivated it in a new medium,.
He then brushed streaks of different pathogens across the new
mold cultures. As had happened with the colonies of staph,

PuerperAL INFECTION 113

many of the new pathogens were dcstroyfzc'i l?y the mold. I:ilemlrrlf
identified the mold as a variety of Penictllium, and he -Ciﬁl'o )
strated that the active substance, whic.h he named ‘‘penic ;n,
was not toxic to humans. Fleming tried to concentratlc aln :3
purify penicillin but could produce only an unstable liqu
i r medical purposes. .
un'sl'l;]:acll):cfgpmem of tfle slt)xlfonamides in the laFc 1930s stimu-
ated interest in chemotherapy gcncral!y.ar.ld provided the 1r)1;en(i
tive to renew the investigation of penicillin. A group o_f (():h ot
chemists, especially Howard Walter Florey and Ernst BOl:lS all;]le,
managed to concentrate penicillin and to pfoducc frOfn it ; sta ]
and solid substance that could be uscd. mcdlcally. During t e chr I};
1940s, they also conducted animal trials s‘howm,.g that P:lma 1e
was not toxic to animals but was very effective against a wi te)ll:alt.:gd
of pathogens. The results of the first h}lman trials were l;,u' is :r !
in 1941. Four years later in 1945, Fl(?nmg, _Florcy, and Chain w
obel prize for their discoveries. .
aw;:;llei::iil?ir?l and itl: numerous derivatives are generally cfffel:tl-vz
against group A streptococci, and they remain t.he drugs of c 01:‘:,e
for dealing with most cases of puerperal sepsis. Ho_wcx"crf, asl -
have seen, puerperal sepsis is usually a polymicrobial intectio B
and some of the possible causal agents—.—for cxarr'lp.le., gﬁ)up
streptococci—are not always fully responsive to penicillin t (;:raptylr;
For this reason, at present, puerperal sepsis 1s usually treated w1
ination of different antibiotics.
’ Cglrmnelr)rllr;?}t)l:rr;py is successful in most cascs,'but serious problf:ms
remain: First, some patients continue to die or to §uffcr serious
disabilities either in spite of the thc:rapy of sometimes l;lecause
of complications arising directly or indirectly frqm the t -zmp};
Second, microorganisms change rapidly, and thcfre is good ev(; enc
that their levels of virulence have ﬂu(;tuatcd s'1gmﬂcantly urm(g?rl
the past two or three centuries. There is also eyldcnce that new an
more virulent strains of group A streptococct may now be Cf:)lf:lfg-
ing.? But whether or not this proves to be true, the possibility
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remains a constant threat. Third, in many cases the virulence of
microorganisms is associated with ethnic and economic condi

tions; modern antibiotics have been less successful in controllin :
puerp.eral sepsis in non-Western cultures than in Europe ang
America. For these reasons, puerperal sepsis remains a formidable
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