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ABSTRACT
Bubonic plague—a fast-spreading, highly lethal infection

caused by Yersinia pestis—is most commonly associated
with the 14th century, when it wiped out at least one third
of the entire Eurasian population with a rapidly progressive
and often fatal illness characterized by lymphadenopathy,
septicemia, and pneumopathic effects. The incidence and
virulence of this disease has diminished over the years, being
limited to well-civcumscribed areas by the latter half of the
20th century. Howewer, its recent re-emergence around the
world, coupled with an expanded appreciation of its great
genotypic and phenotypic diversity, has introduced the threat
of multidrug resistance and a modern-day pandemic. This
may be avoided through our continued efforts to develop more
rapid diagnostic tests and strain-specific vaccines, as well as
through improved physician awareness, patient education, and
close monitoring of environmental and sociopolitical changes
that could reintroduce the conditions that contributed to the
“Black Death.”

INTRODUCTION

In October 1347, several Genoese ships pulled into
port at Messina, Sicily. The harbor master noticed crew
members who were clearly ill disembarking and quickly
sent the ships away. It was too late; within a matter of
days, people were dead or dying in the city."* The plague
had arrived in Europe.

Imagine the questions running through people’s minds:
What is this disease? Boils, gangrene, vomiting blood,
madness—it must have seemed more like Divine retribu-
tion than a potentially curable disease. Where did it come
from? Perhaps from Caffa, a Genoese city in the Crimea
that was attacked by Mongols who catapulted diseased
corpses over the walls to kill or drive off the citizens
within; or perhaps from China, where a similar disease
was seen years earlier;® or from a port along a trade route
between China and the Mediterranean. Why does it kill
so fast? Carts filled with dead bodies were wheeled past
dead rats lining the city streets. But with no knowledge
of bacteriology, the most learned medieval minds were
unable to make a connection between the animal and

the disease. Why were some sailors still alive? Many must
have prayed to be similarly exempted.

This article provides modern answers to these questions,
and offers lessons from this 14th century pandemic that
can be used to avoid such devastation today.

THE PLAGUE: A BRIEF HISTORY

1347 C.E. was not the first time Europe had seen the
plague, and it would not be the last. This was the sec-
ond of three plague pandemics. The first originated in
the Middle East circa 532 C.E., killing at least half of
the population in its path, and fostering the widespread
scapegoating and fear which characterized the Dark
Ages that followed. The second (the “Great Pestilence”
or “Black Death”) first appeared in China by 1334 C.E.
and spread along trade routes to Europe, killing 20-30
million people (one third of the European population)
between 1347 and 1351 (Fig. 1). The third pandemic
began with small outbreaks in China around 1855 C.E.
and exploded in 1894 wiping out as many as 12 million
people. It then spread to 77 ports globally over the next
7 years. In all, an estimated 200 million people died dur-
ing these three pandemics.’

Each pandemic was “extended” by periodic smaller
outbreaks. The 14th century Black Death pandemic
was followed by frequent epidemics through 1665, then
less frequently into the 18th century.” Unlike the main
pandemic, the later outbreaks were limited to smaller foci
and had progressively less virulent effects.? Currently, we
are in an extended period of the third pandemic, charac-
terized by an exponentially lower incidence of the disease
(1000-5000 cases and 100-200 deaths annually over
the past 20 years), contained primarily within Vietnam,
India, and Africa. In the United States 10 to 15 human
cases have been reported annually over the last few dec-
ades, mostly in the Southwest, Utah, and California, and
usually during the warmer months.* More recently the
appearance of cases on virtually every continent (Fig. 2)
has triggered concerted efforts to improve treatment and
prevention.’

The Jowrnal of Lancaster General Hospital ¢ Spring 2009 ¢ Vol. 4 — No. 1

JLGH-V4_1-2009.indd 10

3/13/09 5:23:47 PM



BUBONIC PLAGUE IN THE I4TH CENTURY

Figure 1. The path of plague through Europe during the 14th century.
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Figure 2. Global distribution of the plague today.

Countries reporting plague, 1970-1995
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*Compiled from the World Health Organization, CDC, and other sources.

MICROBIOLOGY OF BUBONIC PLAGUE

The drastic decline in the incidence of plague since the
onset of the third pandemic is largely due to the discovery
(near the end of the 19th century) of its causative organ-
ism (Yersinia pestis), transmission vector (the flea), and
primary reservoir (flea-infected rodents). This knowledge
has impacted the implementation of effective public

health efforts.

The Causative Organism

Yersinia pestis (formerly known as Bacillus pestis, then
Pasteurella pestis) is a non-motile, facultatively anaerobic,
intracellular, gram-negative member of the Enterobacteriaceae
family (Fig. 3).%" It has only one phage type, one serotype,
and 3 biovars, each of which was responsible for one pan-
demic—Antiqua for the first, Medievalis the second, and
Orientalis the third.> New Orientalis ribotypes have been
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Figure 3. Yersinia pestis.

identified recently in Madagascar, Vietnam, and India
which, along with a burst of phenotypic and genetic diver-
sity, raise concern about selective advantages that could
make the plague difficult to control in the future.® Most
Y. pestis virulence factors are encoded on three genus-spe-
cific plasmids, the products of which are variably expressed
among the different Yersinia species and at different growth
temperatures. These include proteins which inhibit phago-
cytosis and release of pro-inflammatory cytokines as well
as those which induce apoptosis of macrophages. Other
virulence factors include secreted toxins and a plasminogen
activator which promotes spread throughout the body.®

Transmission Vectors

Y. pestis infects fleas, most commonly Xenopsylla cheopis
(the rat flea), as well as ticks and human lice. Although
the plague is commonly associated with rats, more than
200 animal species can serve as hosts, including burrow-
ing rodents (ground squirrels, prairie dogs, marmots, and
Asian steppe-dwelling tarabagans), camels, and sheep.*
Surprisingly, most carnivores are highly resistant to Y
pestis, with the important exception of the domestic cat
which, when infected, can transmit plague to owners or
veterinary care givers by direct pneumonic transmission.’
Y. pestis has a fairly broad temperature range. It grows well
at 20-28C in fleas and may remain dormant but viable at
lower temperatures. The most recent proposal from the
group in Marseille is that it is a telluric organism, i.e. a
soil organism but with an unknown reservoir.'°

CLINICAL PRESENTATION

Plague appears in 3 clinical forms: bubonic, septicemic,
and pneumonic. Bubonic plague develops after a bite by
an infected flea, which introduces Y. pestis into the dermis

BUBONIC PLAGUE IN THE I14TH CENTURY

Figure 4. a) Common lesions in plague. Patient with bubo (enlarged,
inflamed lymph node) on the neck. b) Gangrene-induced necrosis on
the toes of a patient with plague.

r

from which it travels to regional lymph nodes and then
to the liver and spleen, where it multiplies very aggres-
sively.>® After a 2- to 6-day incubation period, the patient
experiences a sudden onset of malaise, headache, shaking
chills, and fever. Lymph nodes, most commonly in the
groin, axilla, and neck, become inflamed, swollen, and
can sometimes reach up to 10 cm (Fig. 4A). These buboes
(from which the term bubonic is derived) cause great pain
and can rupture percutaneously. Without immediate
treatment, 40% to 70% of infected individuals will die.’

Septicemic plague, which comprises 10% to 15% of all
cases, develops either as a primary condition or secondary
to bubonic plague. It begins as a massive bacteremia that
progresses rapidly to septic shock and disseminated intra-
vascular coagulopathy, often resulting in thromboembolic
peripheral gangrene (Fig. 4B). Generalized lymphadenopa-
thy may develop secondarily, along with splenic or hepatic
abscesses, endophthalmitis, meningitis, and pneumonia.
Without immediate treatment, the mortality is almost
100%; with treatment, it can still reach 40%.°

Pneumonic plague may also be primary or secondary. Primary
pneumonic plague begins with the sudden onset of infectious
pneumonitis within 24 to 48 hours of exposure in an other-
wise healthy individual. The infection progresses so rapidly
that the patient usually dies before it can reach an advanced
stage.’ Death is almost certain if treatment does not begin
within 18 to 24 hours.* Secondary pneumonic plague develops
when Y. pestis travels hematogenously from an established
infection to the lungs, causing severe bronchopneumonia.
When it invades the alveoli, Y. pestis can spread by droplet
transmission during close contact (<2 m) with infected
individuals, especially in a cold, humid climate.

PREDISPOSING CONDITIONS
It’s tempting to say that the 14th century pandemic
started with a change in the weather.!! Toward the end
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of the 10th century Europe experienced a period of
“global warming” that lasted well into the 12th century.
Accompanied by improved agricultural technology,
crops grew in abundance, contributing to considerable
improvements in the health and nutritional status of
the average European.? Between 1000 and 1200 C.E,,
Europe’s population tripled to more than 75 million.!

The explosion of the human population led to increased
demands for goods, and a surge in trade. Some had already
acquired a taste for goods from the Far East through their
transactions with merchants in the Middle East. The jour-
ney was arduous (2 years by ship to China), and Venice
and Genoa wanted their part of the action. The unification
of Asia by the Mongols dramatically changed the length
and nature of that journey. By 1279 the Mongol Empire
was the largest contiguous empire in world history cover-
ing 22% of the earth’s total land area and controlling a
population of more than 100 million. At first overland
trade traversed a variety of southern routes through or
around the Himalayas (The Silk Roads). By 1300 C.E., an
easier route was created over relatively flat terrain through
the northern steppes of Central Asia. Unfortunately, it
took travelers through the territory of an animal enemy
much more deadly than Mongols or bandits: the taraba-
gan. To steppe dwellers, this squirrel-like creature was a
flea-infested death trap known for transmitting a deadly
respiratory disease. To European traders, it was a valuable
source of fur, and being unfamiliar with signs of illness in
these animals, traders may have inadvertently transported
fleas or flea-infested furs to Europe. The black rat (Rattus
rattus) eventually became the primary carrier of Y. pestis-
infected fleas. This social, agile creature was well adapted
to life in ships’ galleys, making it a perfect vector for
seaborne transmission of Y. pestis from one Mediterranean
port to another, then “jumping ship” to spread the plague
throughout these crowded urban centers.

Y. pestis arrived during a tumultuous time in European
history. By the end of the 13th century, the economy was
under extreme stress. The population surge had caused
overcrowding and fierce competition for food, which was
worsened by the arrival of a Little Ice Age in 1300. The
cool, wet summers yielded mediocre harvests, and torrential
downpours washed away the topsoil. Impoverished peasants
abandoned their farms and mobbed the cities, making food
scarcer for everyone. Dwellings were largely made of mud,
wattle, and thatch, which provided ideal habitats for rats
and other vermin. Man and beast were brought even closer
together as humans filled the streets with garbage, waste,
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and dead livestock on which the rats could dine. Economic
instability was soon joined by political calamity following
the introduction of gunpowder and the cannon in 1327
C.E. Longstanding rivalries of the Papacy vs. the Holy
Roman Empire, Genoa vs. Venice, Naples vs. Hungary, and
France vs. England, exploded into bloody confrontations.
In this morbid environment, the plague struck.

AFTERMATH

When the major pandemic ended around 1351 C.E., it
left behind a devastated Europe. The average lifespan
decreased from 35-40 years in the 13th century to less
than 20 years in the 14th century. The lack of strong
young workers left Europe’s infrastructure and economy
in shambles. Ironically, it also resulted in socioeconomic
changes that had long-lasting positive effects:

e Redistribution of wealth and the end of feudalism. War,
famine, and most natural disasters reduce popula-
tion and food at the same rate, whereas the plague
reduced the population dramatically but did not
affect goods or property. Combined with continued
economic recession, the decreased demand for
food lowered food prices and deprived landlords of
capital, while the marked labor shortage enabled
peasants to demand higher wages which they could
save to buy land from the upper-class. Threatened
by this turn of events, landlords attempted to hold
onto their assets and power by freezing wages,
making it illegal for peasants to refuse work, and
subjecting peasants to excessive taxes in an attempt
to prevent them from accumulating wealth. The
resulting peasant insurrections eventually forced
landlords to improve wages and work conditions,
thereby bringing an end to the feudal system.

e Technological advances. The labor shortage led to
the invention of time and labor saving devices in
several industries, including book production (e.g.
the Gutenberg press), mining (e.g. water pumps),
and war (improved weaponry).

e Science and medicine. The Plague advanced the prac-
tice of medicine from magic and superstition, includ-
ing Galenic medicine (balancing the “four humors”
and avoiding “bad air”) to techniques that formed the
basis of modern medicine. Those physicians who did
not abandon their communities developed practical,
clinically oriented medical procedures to streamline
patient care and improve hospital procedures with
the goal of achieving a cure rather than merely giving
patients a place to die. One example is development
of the ward system, in which patients with the same

JLGH-V4_1-2009.indd 13

The Jowrnal of Lancaster General Hospital ¢ Spring 2009 ¢ Vol. 4 - No. 1

3/13/09 5:24:05 PM




illness were housed together to facilitate their care.
Scholarly activities resulted in more accurate text-
books and the development of the scientific method.
They also generated new ideas about the spread of
disease that evolved into the first systematic theory
of contagion.

o  Public hedlth. Two institutions were created to prevent
transmission of the plague. The municipal health
board oversaw sanitation and burial of the dead; the
plague house — part hospital, part rehabilitation unit,
and part prison — became the first institution to use
quarantine to prevent the spread of disease

LESSONS LEARNED

The Plague Is Still With Us

Today, Bubonic Plague remains a threat in many parts of
the world, albeit with continuously changing demographics
(Fig. 5) and a much more complex transmission pattern
than was previously thought. Of additional concern is
recent evidence that multiple drug resistance can be con-
ferred to Y. pestis by plasmids from other Enterobacteriaceae,
including reports of a multiple-resistant strain identified in
Madagascar as early as 1995.!? Moreover, many of the con-
ditions that facilitated the spread of bubonic plague during
the 14th century persist to some extent today, in addition
to some uniquely modern influences:

e Sustained global warming: Current global warm-
ing trends indicate that in discrete areas of the
world precipitation will decrease (and cause more
droughts) or increase (along with more floods)
throughout the 21st century. In high-risk areas of the
world such changes can compromise food and water
quality while increasing the rate and severity of
disease in both human and rodent communities;

Figure 5. Distribution of plague cases by continent over the past
50 years.
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e International travel, which allows the spread of
infection on a scale and with a speed never before
possible;

e Political unrest and population displacement in
large areas of Africa and the Middle East make it
difficult to control factors that foster the persis-
tence of plague, including poverty, malnutrition,
chronic infections (especially tuberculosis, HIV,
and malaria), and inadequate health care.

Bringing the Third Pandemic to a Close

If nothing else, the Plague pandemic of the 14th century
teaches us to be vigilant against key plague-promoting
factors, including changes in Y. pestis demographics, trans-
mission factors, and climate.!! Advances in immunology
and genomics allow us to monitor the causative organism
for the development of drug-resistance and to facilitate
the selection of the most effective antibiotics."” The rare
incidences of immunity that offered hope to 14th century
survivors reinforce the need for effective vaccines. The “tra-
ditional” anti-plague vaccines are based on a live attenu-
ated strain and a killed whole-cell preparation and do not
take into account strain-related differences in virulence,
nor do they protect against the deadly pneumonic form
of the disease. Researchers are now investigating strain-
specific subunit vaccines which seem very promising.

History also teaches us the importance of public health
education that promotes preventive practices and timely
treatment, especially in the most vulnerable areas of the
world. These observations highlight the importance of
maintaining a worldwide system for reporting disease
outbreaks. In 1997, WHO developed the Global Outbreak
Alert and Response Network (GOARN), which annually
identifies and responds to at least 50 outbreaks of various
infectious diseases through partner networks in more
than 120 countries.!* GOARN was first tested during the
Severe Acute Respiratory Syndrome (SARS) outbreak
which began in China. It was able to coordinate a global
response that promoted heightened vigilance and linked
laboratory scientists, clinicians, and epidemiologists from
around the world in a virtual network to rapidly identify
the causative agent, its mode of transmission, and its per-
tinent epidemiologic factors. WHO was thus able to guide
health care workers in developing effective procedures for
clinical management and protection that curtailed the
nosocomial spread of this disease, while issuing warnings
for international travelers. Within 4 months after this
system received accurate information, SARS transmission
had been interrupted in all partner sites.!*
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TABLE I. CLINICAL MANAGEMENT OF PLAGUE: AN OVERVIEW.*

Pre-Diagnosis

History Epidemiological “clues” e Residency in or visits to nonurban areas, especially
with known plague foci

e Contact with animals with known infections

e Wilderness activities

e FEvidence of a flea bite

e Occupation (veterinarian)

Symptoms e chills

e constipation, diarrhea, black/tarry stools
e cough, sometimes with blood sputum

e enlarged, painful lymph node

o fever

e gastrointestinal complaints (may precede bubo)
e headache

e myalgia

e nausea, vomiting (sometimes bloody)

e shortness of breath

e sore throat

e weakness, malaise

Physical examination Temperature e 37°C —409°C

Lymph glands Buboes (I-10 cm in diameter):
e inguinal: 60%
e axillary: 30%
e cervical: 10%

e epitrochlear: 10%

Dermatologic findings e maculopapular lesion at site of flea bite (rare,
because of late diagnoses)
e peripheral cyanosis, ecchymosis, petechiae, gangrene

(with septicemia)

Pulmonary e diffuse areas of dullness on percussion

e pharyngitis

Abdominal e diffuse tenderness

e splenomegaly

Joints e nuchal rigidity

e diffuse joint and muscle tenderness

CNS e change in mental status: mild confusion, agitation,
delirium, coma

® seizures

Hematologic e Bleeding from any body cavity

(continued)
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TABLE I. CLINICAL MANAGEMENT OF PLAGUE: AN OVERVIEW.* [CONTINUED]

Diagnosis
Laboratory studies CBC e WABC: 220,000 cells (may be low in patients
with late septic shock)
Urinalysis e gross hematuria
e proteinuria
e RBC casts
Arterial blood gases e hypoxia/acidosis
Gram stain e tissues: bubo aspirate, blood, sputum
e positive result: gram-negative, pleomorphic
coccobaccilli
Tissue cultures e blood: positive in 85%—96% of patients
e bubo aspirate: positive in 80%—85% of patients
e sputum: positive only with lung involvement
Chest x-ray e alveolar infiltrates with or without hilar
lymphadenopathy (pneumonic plague)
e bilateral consolidation
Other e Fl antigen rapid diagnostic test
e Y pestis fluorescent antibody stain; samples
(blood, sputum bubo aspirate) can be sent to
the CDC if this test is not available locally
e Y pestis fluorescent antibody titer
Treatment
Antibiotics e Patients at risk: administer empirically | e gentamicin
e Severe cases: multidrug regimen may |e streptomycin sulfate
become necessary e chloramphenicol
e doxycycline
e ciprofloxacin
e tetracycline
e cotrimoxazole
Supportive care e Crystalloid infusion Universal precautions
e Oxygen by nasal cannula,
nonrebreather mask, or intubation
e Pulse oximetry to monitor severity
of respiratory involvement
Consultation e Infectious disease expert
e CDC
The SARS experience revealed several potential barriers resulted in the secondary spread of SARS to health
to its effectiveness, including the following: care workers and then throughout China and the
1. Difficulty obtaining timely, accurate, and complete rest of the world;
information: Initially The People’s Republic of 2. Inadequacy of translation services: GOARN’s
China perpetrated a cover-up and did not indicate Canadian partner—the Global Public Health
the true number of cases and their location. This Intelligence Network (GPHIN)—identified a
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“flu epidemic” in China while monitoring the inter-
net. GPHIN had the facility to translate reports into
several languages, including Chinese, but was only
able to transmit information to GOARN in English
and French. This delayed the transmission of perti-
nent information to the Chinese government, which
allowed the continued spread of this infection.

Hopefully these experiences have made most nations
aware of the importance of providing accurate and
complete information as soon as an outbreak of a com-
municable disease is suspected.

Most importantly, the effectiveness of any containment
efforts begins with primary health care providers who
are prepared to provide infection-specific care to their
patients and promote disease prevention. Unfortunately,
there is considerable room for improvement in physician
training for plague management (Table 1). As of 2004,
only 28% of US office-based physicians were trained

BUBONIC PLAGUE IN THE I4TH CENTURY

specifically in this issue.”® Because patients with the
bubonic form of the disease may present to their physician
with flu-like symptoms and adenopathy, office-based phy-
sicians must know when to suspect plague, how to confirm
their suspicions, how to treat such patients, and when to
refer them to an infectious disease specialist. Patients with
septicemia or the pneumonic form of the disease are more
likely to be seen in the EMD or the morgue.

CONCLUSIONS

The incidence of plague today may seem miniscule com-
pared with the 14th century. Still, its reappearance in the
20th and 21st century mandates a well-planned strategy
for preventing new outbreaks. Information is our great-
est weapon against this disease. By monitoring potential
contributing factors, educating the public, improving
physician training, and developing strain-specific vac-
cines, we may be able to reduce the number and size of
plague loci and prevent the plague-related devastations
of the past from ever recurring.
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