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Pandora’s box

Pandora was the first woman to be created, fashioned from clay by
Hephaestus at the request of Zeus. She was given every advantage by the
gods that they were able to grant. Zeus then gave her a box to present to the
man who married her. He planned to destroy man, who had been created by
Prometheus, by giving a man Pandora as a wife. Knowing that Prometheus
would be too wise to accept the gift, Zeus persuaded his less cautious
brother Epimetheus to marry her. Later Pandora, against the instructions of
the gods, opened the box and let loose upon the world all evils and diseases.
In the bottom of the box only Hope remained. 

Ancient Greek myth 

Most of the zoonoses already discussed in this volume lead to death only in
an infected human after a prolonged untreated infection. The zoonoses
discussed in this chapter are less benign. Their very names – anthrax, Ebola,
plague and rabies – carry an echo of evil. This may be only a fantasy or a
folk memory, yet the facts speak for themselves. Once infected, and they
tend to be highly infective and pathogenic, the levels of associated mortality
are higher than with other zoonoses, especially if treatment is delayed once
symptoms appear. 

Their impact having been dramatised in a variety of media, this chapter
aims to realistically answer some of the questions relating to how dangerous
these infections are, what their mortality statistics are and what treatments
are available.

Although not endemic in the UK, all of these diseases could appear here
carried by fomites, animals or humans, depending on their mechanism of
spread. If robust measures were not put in place rapidly on the appearance
of an initial case, a pestilence of biblical proportions could ensue. It is not
for nothing that one of the horsemen of the apocalypse is named as pestilence
or plague. 
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In the USA, rabies, although rare in humans, is widespread, and plague
is found in natural reservoirs in some states. Anthrax is endemic in both the
UK and the USA, although, due to industrial and domestic precautions, few
clinical cases occur.

The UK is afforded some degree of protection by its temperate climate,
geographical isolation and quarantine system. The system of quarantine has
afforded comprehensive protection against rabies for many years, and the
advent of a well-regulated system of pet passports has not compromised that
system. The system cannot, however, quarantine human beings except in rare
and exceptional circumstances, nor do all arrivals to our country – be they
animal or human – stop at the immigration office on the way in, nor is it
possible to tell if they are infected if they do. Migrating birds are believed to
have been responsible for the outbreak of West Nile virus in New York,
which killed eight people between September 2000 and September 2001 and
has now spread across virtually the whole of the North American continent.
Similarly, the current pathogenic strain of avian influenza – H5N1 – which
has already killed millions of birds and some humans, and could under suit-
able circumstances cause a human pandemic, may be triggered by similar
events. The case of the swan that died in March 2006 in Scotland emphasises
well that wild birds do not stop at borders for a health check. 

In the past, bubonic plague was introduced into the UK by rats from
ships, and the outbreak known as the Black Death began with the first cases
being seen at Melcombe in Dorset. The likelihood of a recurrence of plague
from such a source is reduced by inspections and mandatory fumigation of
vessels as well as the system of public health measures aimed at controlling
rodent populations. Nevertheless there still remains a risk, and the price of
safety is constant vigilance. Part of any system of vigilance has to be the
education of healthcare professionals in the signs and symptoms associated
with these diseases and this chapter aims to forward that objective. 

It is not only animals and humans that travel today; goods are trans-
ported from far and near to fuel the appetite of our domestic market.
Fomites transfer or objects contaminated with spores are particularly
important in the transmission of anthrax. Recently the importation by both
tourists and commercial companies of items made from goatskins in Haiti
and the Dominican Republic has been banned because these items have been
shown to be contaminated with anthrax spores. It is believed that the illegal
import of infected skins, which he later turned into drum skins, led to
serious illness in a drummer, Vado Diomande, in New York in February
2006, and may have been related to the death of another man who was also
a drum maker in Scotland in a separate incident in October 2006.

There is another dimension to several of the diseases examined in this
section. Biological warfare and bioterrorism have been the subject of a wide
debate in modern society. The use of infectious disease in warfare, in either
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conventional or asymmetrical conflicts, has a long and less than glorious
history, ranging from the catapulting of dead animals and humans into
besieged strongholds by our ancestors to the possibility of missiles loaded
with anthrax being fired in recent, or future, conflicts. Biological warfare is
banned by international treaty, and enforced by United Nation’s inspection.
However, as the anthrax attacks of 2001 in the USA have shown, this is not
sufficient to prevent individuals or states pursuing this route in the hope of
causing casualties to their adversaries. Some of the organisms discussed in
this chapter have the potential to be biological agents for weapons of mass
destruction and also to be used by terrorists. The aim of this chapter is to
be realistic in the assessment of their potential, to dispel some of the wilder
journalistic assertions and to give some understanding of the healthcare
implications.1 

Anthrax 

Malignant pustule, woolsorter’s disease, charbon, malignant oedema,
splenic fever
Anthrax is an acute bacterial disease of animals and humans which can
cause rapid fatality (hence the old English name of ‘struck’ for the disease in
cattle). It is caused by Bacillus anthracis, a Gram-positive, encapsulated,
spore-forming bacterium that spores rapidly on contact with oxygen. When
cultured it produces dense colonies on agar with long chains of bacteria
forming so-called ‘medusa-head colonies’ from their shape and appearance.
This disease occurs worldwide and is an occupational hazard for those
involved in processing the wool, hide, hair or bones of animals, such as
farmers, slaughterers, skinners, hideworkers, tanners and woolworkers.
Most mammals are susceptible to the disease. It is most commonly seen in
cattle; goats, sheep, horses and pigs can also contract the disease. 

Anthrax is a notifiable disease in the UK and the USA. Notification also
applies to animals suspected of having died of the disease. Carcasses must
be disposed of by burning or by liming followed by deep burial. Definitive
diagnosis is not always possible because opening or moving suspect
carcasses is also prohibited. 

In the UK, the disease is rare. The last case before that of an amateur
drum maker in Scotland in July 2006 (see case studies) occurred in
November 2001 after a man involved in the animal hide trade was diag-
nosed as having the cutaneous form. After treatment he survived. There
were a total of 14 cases of cutaneous anthrax confirmed in the UK between
1981 and 2000. Many of those affected were involved in the handling of
dead animals, such as abattoir workers, or those whose work involved
handling animal hides, bonemeal or wool.2
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In the USA, before the cluster of cases associated with malicious contam-
ination of mail in 2001 (see below), industrial processing of animal hair or
hides was associated with 153 (65%) of 236 anthrax cases reported to the
Centers for Disease Control and Prevention (CDC) in the period between
1955 and 1999. Of the remainder, products made from animal hair or hides
accounted for an additional five (2%) cases. Of the total of 158 cases, the
majority presented with the cutaneous form of the disease, with only 10 being
inhalational anthrax. Many of the non-fatal cases in the USA associated with
the handling of contaminated mail have also been of the cutaneous form (see
Case history below).

An outbreak in 1979 at Sverdlosk, Russia, was later admitted by the
Russian Government in November 2001 to have been related to an acci-
dental release from a biological weapons research facility. Sixty-eight people
died, although the authorities claimed at the time that the cases resulted
from the ingestion of poorly cooked infected meat.3

A large outbreak in Zimbabwe from October 1979 to March 1980
caused more than 6000 (mostly cutaneous) cases. In Paraguay, 25 cutaneous
cases were seen in 1987 after the slaughter of an infected cow. Currently the
Department of Health (DH) considers South and Central America, southern
and eastern Europe, Asia, Africa, the Caribbean and the Middle East as areas
where the disease may occur in significant amounts. 

There are sporadic occasional cases, in isolation or in clusters across
eastern Europe, the Balkans and Turkey, usually associated with consumption
of meat harvested from infected carcasses.

Disease in animals 

Anthrax in animals often follows the grazing of pasture infected with viable
spores. Symptoms in animals are usually acute, with high fever of sudden
onset, localised swellings and profuse bleeding from orifices. Death usually
occurs 24–72 hours after onset. Animals may be found dead or moribund. 

In the USA, anthrax is endemic, with cases being reported on a regular
basis, e.g. in September 2005, the Journal of the American Veterinary
Medical Association reported that anthrax had been found in the states of
South and North Dakota and Texas in the preceding months.4 In South
Dakota Animal Industry Board a group of almost 300 unvaccinated buffalo
and rodeo bulls were believed to have been exposed to anthrax after grazing
on contaminated pasture, with approximately 40 of the animals being found
dead. The remainder of the herd were treated with antimicrobials, vaccinated
and the carcasses safely disposed of. 

Concurrently in the south-east of North Dakota, anthrax was detected
at in excess of 20 locations, with confirmed cases in cattle, horses, bison and
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farmed elk. All surviving animals in the herds containing infected animals
were quarantined and vaccinated. 

The spores are resistant to a wide range of climatic conditions and can
remain in contaminated ground for many years. In one reported incident
from Hawaii, a cow died after grazing a pasture where the carcass of a cow
suspected of having died of the disease 20 years previously was buried.
Animals may also demonstrate in-species spread from infected meat or by
close contact with an infected beast. 

In April 2006, two cattle were confirmed as having died of anthrax on a
farm in Rhonda Cynon Taff, South Wales, where there had been a previous
outbreak 35 years before. Five cattle had also died in the previous month;
however, the last two carcasses were the first to test positive for anthrax. No
cattle from the farm had been sent for slaughter into the food chain for the
previous 12 months. The source was identified as a pool on the farm, which
is believed to have become contaminated.

Transmission 

The spores present in the animal’s blood or secretions, infected pastures,
hides and bone or meat. Transmission to humans follows contact with these
spores. 

Disease in humans 

The disease presents in distinct forms in humans depending on the route of
infection. These are: 

• Cutaneous, following physical contact with spores and their
subsequent inoculation into wounds or abrasions

• Pulmonary, following inhalation of spores from infected hides
• Intestinal, following ingestion of spores or organism in undercooked

meat from infected carcasses. 

Infected individuals display the disease after a variable incubation period
depending on route of infection. The cutaneous form develops after 2–10 days,
the pulmonary after 1–5 days and the intestinal after 2–5 days. 

The cutaneous form, once known as malignant pustule, is responsible for
98% of cases worldwide. After the incubation period, a papular spot
develops on the skin. This papule becomes vesicular and turns black in the
centre. This forms an eschar (a plug of dead tissue, skin and blood) which
causes necrosis of the underlying tissue and then sloughs off. There is very
little pain or tenderness associated with the condition, although local lymph
nodes usually swell. Extensive oedema affecting the whole limb or upper
body is often seen and is important in differentiating the disease from tick-
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borne disease where an eschar may also be present. Some patients will
display fever, lethargy, sickness and severe headache. The skin lesion will
often heal without treatment, but there is a 5–20% risk of untreated cases
progressing to septicaemia or meningitis with fatal consequences after the
eschar sloughs. Cutaneous spread to other people is possible. 

In December 2004, a 31-year-old female Belgian traveller developed a
cutaneous anthrax lesion on one finger following contact with dead antelope
and a hippopotamus while touring South Africa.5

Pulmonary anthrax, known as woolsorter’s disease, follows inhalation of
spores from infected hides or wool. It presents as a flu-like illness after the
incubation period, followed by cough and severe shortness of breath. This
develops into respiratory failure and can be fatal within 24 hours, usually
following septicaemic spread. 

All of the fatal cases seen in the US terrorist attacks during 2001 were
from the pulmonary form. Before the extensive number of cases seen in this
incident, this form of the disease was believed to be fatal in all cases regard-
less of the rapidity with which treatment was commenced. This has proved
erroneous, with death occurring in only 40% of cases.6 There are still no
known cases stemming from pulmonary spread from existing patients to
other individuals, although precautions have been taken to prevent such an
eventuality. 

Intestinal anthrax follows ingestion of infected meat. The rarity of the
condition is related to the low incidence of the disease in meat in developed
countries, and the unlikely nature of ingesting enough viable spores or
organisms to cause disease. 

Severe copious diarrhoea occurs after the incubation period. Half of
untreated cases will die. 

Diagnosis 

Identifying the causative organism in blood smears is diagnostic. Growing
samples on standard culture media leads to the development of character-
istic colonies, with the bacterium showing centrally placed spores.
Immunofluorescent and enzyme-linked immunosorbent assay (ELISA)
techniques can also be used. 

Treatment 

In the UK, the Health Protection Agency (HPA) makes the following recom-
mendations for the treatment of anthrax. The antibiotics of choice are
ciprofloxacin and doxycycline. Later therapy may be switched to amoxicillin
if the infective strain is susceptible. Cephalosporins must not be used because
they are ineffective.
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As with any other therapy, the latest recommendations from the DH or
HPA should be checked before initiating therapy. It should be noted that
ciprofloxacin is not licensed for use in children or pregnant women, but
may be indicated in life-threatening illness, and also that doxycycline is
not recommended in childhood or pregnancy; however, its use would be
considered in a serious infection such as anthrax. 

Where a diagnosis of infection by anthrax is suspected due to clinical
signs or patient history, an early initiation of therapy before laboratory
confirmation may be required to reduce fatalities. Usually a short course
(3 days) of ciprofloxacin is used until blood culture results become available.
It should be noted that, in this case, other likely causes of acute respiratory
illness need to be investigated and treated concurrently.

In cases of inhalational and ingestional anthrax, ideally drug therapy
should be administered intravenously initially. As the patient improves and
once the drug sensitivity of the bacterium is identified, treatment can be
continued using oral antibiotics.7

In addition to ciprofloxacin, there is some evidence that additional anti-
biotics or vaccination may be incorporated into a multidrug antibiotic regimen
and that this can reduce mortality in inhalational anthrax.8 In anthrax
meningitis, moieties with good central nervous system (CNS) penetration are
essential additions, with penicillin, ampicillin, meropenem, vancomycin and
rifampin being proposed as suitable. Corticosteroids have been used
concomitantly to reduce cerebral oedema in some cases.9

The detailed HPA recommendations as of December 2008 are as follows.

Inhalational/ingestional anthrax
• Adults (including pregnant women):

– ciprofloxacin 750 mg i.v. every 12 h (750 mg twice daily by mouth
when appropriate)

– or doxycycline 100 mg i.v. every 12 h (100 mg twice daily by
mouth when appropriate)

– plus one or two additional antibiotics (agents with in vitro activity
include rifampicin, vancomycin, gentamicin, chloramphenicol,
penicillin, amoxicillin, imipenem, meropenem and clindomycin).

• Children:
– ciprofloxacin 10 mg/kg i.v. every 12 h, with the total dose not to

exceed the adult dose of 1500 mg/day (when changing to oral
therapy if appropriate, dosage is to be altered to15 mg/kg by
mouth, not to exceed the adult dosage of 1500 mg/day)

– or doxycycline initiated intravenously and then changed to oral
therapy when appropriate dosages are 
� 8 years and �45 kg: 100 mg every 12 h
� 8 years and � 8 years 2.2 mg/kg every 12 h
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– plus one or two additional antibiotics (agents with in vitro activity
include rifampicin, vancomycin, gentamicin, chloramphenicol,
penicillin, amoxicillin, imipenem, meropenem and clindamycin).

• In all cases, both adults and children, therapy should be continued for
60 days.

Cutaneous anthrax

Treatment as in inhalational anthrax is normally using ciprofloxacin or
doxycycline as first-line therapy. Unlike inhalational anthrax, treatment can
be initiated in adults with oral ciprofloxacin 750 mg or doxycycline 100 mg
twice daily for 7 days. If later the organism is found to be susceptible, or the
patient cannot tolerate fluoroquinolones or tetracyclines, this can be changed
to oral amoxicillin 500 mg three times a day. 

For children, the doses of ciprofloxacin or doxycycline follow the same
oral regimen as that already detailed for inhalational anthrax. If using
amoxicillin, a total daily dose of 80 mg/kg divided into three equal portions
and given every 8 hours is an option for completion of therapy after clinical
improvement. The oral amoxicillin dose needs to be sufficient to achieve
minimum inhibitory concentration levels.

Where cases of cutaneous anthrax show signs of systemic disease, with
extensive oedema, or lesions on the head or neck, intravenous therapy may
be required, with multidrug therapy being recommended.

If a deliberate release is suspected, treatment may need to be continued
for up to 60 days, so as to provide cover for inhalational anthrax, which
may have been acquired concurrently.

Prophylaxis

In people known to have been exposed to anthrax, and where no clinical
disease is currently present, prophylaxis using antibiotics must be initiated
as soon as possible. 

Ciprofloxacin is the current drug of choice for all patients. Ciprofloxacin
is also the drug of choice in prophylaxis against two other biological agents
that could be deliberately released, plague and tularaemia, so its use covers
the risk in advance of laboratory testing and identification. The risk of
adverse effects associated with administration of antibiotic prophylaxis has
to be weighed against the risk of developing a life-threatening infection. The
prophylaxis should continue for 60 days to cover the prolonged latency
period possible before germination of inhaled spores. 

In the UK, usually only 5 days supply of ciprofloxacin is initially made
to individuals, especially in an incident believed to be a deliberate release, in
accordance with DH guidelines, and the emergency drug ‘pods’ deployed by
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the HPA. After the initial treatment with ciprofloxacin, doxycycline may be
substituted to complete the 60-day prophylaxis, this needs to be supplied
through local prescribing or dispensing systems. There are patient group
directions (PGDs) in place for the initial and further supply of ciprofloxacin
and the further supply of doxycycline in the event of exposure to a suspect
biological agent (details may be found on the DH/HPA websites).

Made under Article 7 of the Prescription Only Medicines (Human Use)
Order 1997 (the POM Order) PGDs make it legal for medicines to be given
to groups of patients, e.g. in a mass casualty situation, without individual
prescriptions having to be written for each patient. This empowers staff other
than doctors (e.g. paramedics, pharmacists and nurses) to legally give the
medicine, but only in accordance with the detailed provisions of the PGD.

If anthrax exposure is confirmed, and the organism is identified as being
susceptible to penicillin, prophylaxis may be continued using oral amoxicillin
as an alternative to ciprofloxacin or doxycycline. 

The detailed HPA recommendations as of December 2008 are:

• Adults (including pregnant women), initial (5-day) therapy:
– ciprofloxacin 500 mg orally twice a day followed by a further 

(55-day) therapy of either ciprofloxacin 500 mg or doxycycline
100 mg orally twice daily

– if the strain is found to be susceptible, amoxicillin 500 mg orally
three times a day may be substituted. 

• Children, initial (5-day) therapy: 
– the dose of ciprofloxacin is age and weight dependent, with the

recommendation being that newborn babies up to the age of 6
months receive 100 mg/day in divided doses, and older children
receive 15 mg/kg orally twice a day (dose not to exceed 1 g/day,
i.e. adult dosage) followed by a further (55-day) therapy of either
ciprofloxacin at the same dosage or doxycycline

– only if older than 8 years and weighing more than 45 kg, at a dose
of 100 mg orally every 12 h

– if the strain is susceptible, amoxicillin may be substituted at a rate
of 80 mg/kg per day, in three divided doses (not to exceed 500 mg/
dose). 

In the USA, ciprofloxacin was the primary antibiotic used during the
outbreak in 2001 in the USA, with doxycycline and amoxicillin being used
only if a contraindication to fluoroquinolones existed. Combination therapy
was also used. 

The current CDC recommendations are similar to those of the HPA, with
in addition, levofloxacin now being approved by the US Food and Drug
Administration (FDA) for prophylactic therapy for B. anthracis exposure.10,11
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In Europe, BICHAT (Task Force on Biological and Chemical Agent
Threats) have made similar recommendations.12

Prevention 

A vaccine derived from a cell-free filtrate of killed bacteria is available and
licensed for human use in the UK. Supplies are kept by the HPA and usually
issued for use in workers considered to be at a high occupational risk. The
vaccination regimen consists of three doses given over a period of 6 weeks
with a booster dose given after 6 months. An annual booster is necessary to
maintain immunity. A vaccine is also available for animals, but it is only for
emergency use and is obtained through the Department for Environment,
Food and Rural Affairs (Defra). 

Physical prevention methods are based on preventing or limiting contact
with infected animals or their hides, hair or meat. All surface wounds
should be disinfected and covered. Physical disinfection of hides and hair is
considered to be good practice in the tanning and wool industry. The use of
formaldehyde as a disinfectant is carried out by specialist companies for
imports of hide, bones and bonemeal (much reduced in volume since the
advent of bovine spongiform encephalopathy [BSE]) and wool. Heat treat-
ment is also used. Animals suspected of having died of the disease are to be
handled in accordance with biohazard procedures. Suitable protective
clothing and filtered ventilation helmets should be worn. 

Spores may be killed by heat with autoclaving or boiling infected materials
or instruments where appropriate. In areas where anthrax is endemic, meat
should be thoroughly cooked or avoided. 

Formaldehyde and glutaraldehyde are effective disinfectants for dealing
with local contamination and spillages, although it is recommended that
clothing and other articles of victims should be incinerated carefully. 

Cases associated with drum makers

Vado Diomande, a dancer and drum maker, domiciled in New York, but
originally from the Ivory Coast, was hospitalised and then diagnosed with
inhalational anthrax in February 2006. He appears to have become infected
from spores present on hides that he had imported into the USA from West
Africa to make his own drumskins. Diomande may have inhaled the spores
when, after soaking and stretching them, he scraped the hair off the hides.
He was also working untreated hides purchased from US suppliers at the
same time, so the source cannot be accurately determined. After extensive
antibiotic therapy he survived. Most of the contents of his workshop and
apartment were removed and destroyed by public health officials in the
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ensuing decontamination operation. Close associates were tested for the
disease and given antibiotic prophylaxis.13

In July 2006, a Scottish artist who lived in Hawick, Mid-Lothian, died
of anthrax. This was the first fatal case of anthrax in the UK for 30 years,
with the previous fatality occurring in 1971. The victim, Christopher
‘Pascal’ Norris, apparently became infected after he used infected, imported,
untreated animal hides to make drum skins. The hides were scraped and
worked in a manner that could produce aerosols of infected matter. He
developed a rapidly progressive septicaemia and subsequently died. He had
previously been treated for cancer, and it is possible that the progress of the
disease was increased due to his impaired immune system. It was only
retrospective testing of postmortem samples that identified the causative
agent as anthrax, and by then his body had been cremated.

His house was quarantined, and had to be systematically decontami-
nated. Most of his close friends and relatives had to be screened for infection,
as a wake was held in the house after the funeral, with guests being
encouraged to take away items as keepsakes.

Another case in late 2008, led to the death of another drum maker/
drummer in the East End of London.

These were not the first cases associated with the conversion of untreated
animal hides into drum skins, with a similar case being recorded in Florida
in 1974.

In 2001, a woman was hospitalised in Vancouver, British Columbia,
Canada, with cutaneous anthrax on the palm of her hand, which she
contracted while handling animal hides during a drum-making class.

Potential as a biological warfare agent 

Anthrax can be cultured successfully and its spores harvested. The spores can
then be turned into a dry powder. During World War I, the Germans
produced sugar lumps inoculated with anthrax for feeding to allied draught
horses. There were also incidents of bags of powder containing anthrax
spores being dropped from German aircraft. In 1942–3, the British
conducted trials on Gruignard Island off the north-west coast of Scotland to
investigate the feasibility of biological warfare using anthrax. (The island was
finally declared safe in 1990.) In an associated programme, Britain developed
cattle cakes inoculated with anthrax for retaliatory strikes against Germany.
These were to have been dropped from bomber aircraft in the event of a
German strike. In Germany warheads containing anthrax were developed for
attachment to V1 and V2 weapons. The escalation of hostilities that such
weapons would have caused led to neither side employing them offensively. 

In Japan, during the 1990s, the Aum Shinrikyo cult released anthrax
spores in Tokyo. Luckily there were no fatalities. Following the Iran–Iraq
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war and the Gulf War, Iraq was shown to have produced shells and missile
warheads packed with spores. 

Many authorities view anthrax as the greatest threat for use in biological
warfare or terrorism. With the cases caused by contaminated mail in the
USA in the aftermath of the events of 11 September, it has become apparent
that as a terrorist weapon it has a tremendous potential to cause widespread
concern with some fatalities, even when the potency has not been enhanced
by finely grinding the powder containing the spores. 

Amerithrax: the 2001 cases in the USA

In September and October 2001, there were a cluster of cases of cutaneous
and inhalational anthrax, after maliciously contaminated mail was sent
through the US Postal Service to addressees in the US Congress, US govern-
ment departments, prominent journalists and other media figures across the
USA (Florida, New York, Washington, New Jersey).14

Initial diagnosis of patients was slow; however, once it was recognised
that a bioterrorism attack using anthrax spores had occurred, tracing and
screening were initiated.15 There were 22 cases, of whom 19 were confirmed
and 3 classed as probable, with 5 being fatal. Cases were seen in people
directly exposed to the contaminated letters, and indirectly by secondary
spread from sorting machines, or other post that was passing through the
mail facilities at the same time as the contaminated letters.

All the contaminated mail contained powder containing anthrax spores
The four letters that were recovered during the investigation also contained
notes, purporting to be from Islamic extremists, although this was later
dismissed as misdirection by the perpetrator. It is believed that seven letters
were sent in total; however, the other three have never been found.

Following detection of cases, work places where the letters had been
handled were screened for contamination, and then decontaminated. All
workers were tested for exposure, and given antibiotics (ciprofloxacin,
doxycycline or amoxicillin) as either treatment or prophylaxis; however, in
the cases of some postal workers and other victims this was not initiated
rapidly enough to prevent fatalities. Some suspected cases were never
confirmed as the bacterium could not be isolated from initial samples and,
as antibiotics were given on a precautionary basis, re-testing was negative.

Some of the fatal cases were sporadic (i.e. not linked to direct exposure
to the contaminated letters), with one in a healthcare worker apparently
after secondary exposure to infected clothing in a hospital emergency room,
and another (an elderly woman in Connecticut) being notionally linked to
mail contaminated by passing through a sorting machine at the same time
as one of the deliberately contaminated letters.16

A criminal investigation was launched by the FBI; however, it was
initially hampered by the need to focus on the events following the 9/11
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attack on the World Trade Centre and the Pentagon. With the strain
identified as one normally associated with scientific establishments, the FBI
focused on using profiling to try to identify suspects. To date nobody has
been charged in relation to the attack.

Facilities contaminated included mail offices, sorting offices and other
premises. The clean-up to date has cost many millions of dollars, and it has
been difficult to agree the level of decontamination required by workers’
unions to allow premises to re-open.

Before and since the Amerithrax incident, there have been a number of
hoax letters containing powder across the world, notably in Canberra in
2005 and again in 2008, against the Church of Scientology in the USA 
in 2006 and 2008, and by anti-abortionists in the USA and Canada, a
campaign that pre-dated the Amerithrax incident; there has been a total of
655 letters to date, including 554 mailed by one US activist in November
2001. The aim in all these incidents, none of which to date has contained
anthrax, seems to be to cause the maximum amount of disruption while
making a political or ethical point. The costs of dealing with such incidents
are high, requiring specialist staff and equipment to contain, identify and
control possible contamination.

Ebola 

African haemorrhagic fever; Ebola haemorrhagic fever
Ebola is probably one of the most dramatic zoonotic infections. It is caused
by a virus similar in form to Marburg virus but distinguished by differences
in antigen testing profile. The virus is named after a river in The Democratic
Republic of the Congo (DRC; formerly Zaire). Classified as an RNA
filovirus, it shows strange branching and filamentous forms displayed by no
other viral group. There are four subtypes of the virus. The three demon-
strated to be pathogenic in humans are Ebola–Ivory Coast, Ebola–Sudan
and Ebola–Zaire. The fourth, Ebola–Reston, has been shown to be patho-
genic in apes but not for infected humans. This last type was identified in
monkeys imported from the Philippines into Italy and North America for
laboratory use. Several research workers became infected with the virus,
although none became ill.17 

Ebola haemorrhagic fever was first recognised in 1976, when large
outbreaks occurred in southern Sudan and neighbouring northern Zaire.
Since then it has appeared sporadically in these and other areas of Africa.
There has been only one case recorded outside Africa with a single non-fatal
case in a laboratory in the UK after a needlestick injury. The pathogenic
forms of the virus are not known to be native to other continents. 
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Transmission 

The natural reservoir of Ebola virus is not proven fully; however, it has been
detected in three species of fruit bats. Scientists from the Institut Pasteur,
Paris, have also detected it in small rodents in the Central African Republic.
There is still work to be done to discover how the virus is transmitted to
apes and monkeys, which have previously been identified as the link to human
infection. The handling of ill or dead infected chimpanzees was shown to be
the source of human infection in outbreaks in the Ivory Coast, Gabon and
the DRC.18,19

The main concern for countries outside Africa stems from the latent
period of the infection. In theory it would be possible for an infected
individual to carry the disease into a city or country where, unrecognised,
the disease could rapidly spread. Mortality rates have been as high as 90%
in some outbreaks so the fear is not unfounded. 

Disease in humans 

The virus has an incubation period of between 2 and 21 days after expo-
sure and infection in humans before clinical signs are seen. Weakness and
lethargy follow a sudden onset of fever with a temperature as high as 39ºC.
Muscle and joint pain are seen in most cases, with sore throat, headache
and occasionally hiccups. More severe symptoms follow with anorexia,
nausea, vomiting and diarrhoea. The development of a severe skin rash and
mental confusion is concurrent with the progression of the illness. Kidney
and liver damage occurs and catastrophic internal and external haemor-
rhage leads to death towards the beginning of the second week. The virus
is present in high concentrations in the blood, tissue fluids and most organs
of the body. Patients lucky enough to survive require extended periods of
care. 

Human-to-human transmission occurs after direct contact with the blood,
secretions or semen of infected patients. Following the first confirmed or
index case, transmission occurs to those in closest contact with the victim.
These can be friends, family or healthcare workers. Nosocomial spread or
spread from a clinic or hospital to staff or other patients has occurred
several times in major outbreaks, leading to high mortality rates. In Africa
limitations on availability of disposable equipment and protective clothing
have also led to transmission. The disease can also be sexually transmitted
through semen up to 7 weeks after clinical recovery. All Ebola virus
subtypes have displayed the ability to be spread through aerosols under
research conditions, although aerosol spread has not been demonstrated
during outbreaks. 
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Outbreak statistics 

In the first recorded outbreak, between June and November 1976, the
Ebola virus infected 284 people in Sudan, with 117 deaths. During the
outbreaks 76 of the 230 staff at Maridi Hospital contracted Ebola fever,
with 41 subsequently dying. In Zaire (now the DRC) there were 318 cases
and 280 deaths in September and October 1976. 

There was an isolated case in the DRC in 1977 and a second outbreak
in Sudan in 1979. One human case of Ebola haemorrhagic fever and several
cases in chimpanzees were confirmed in the Ivory Coast in 1994 when a
scientist contracted the disease after conducting a postmortem examination
on a wild chimpanzee found dead with signs of haemorrhagic disease.
Fortune favours the foolish and the brave and he spontaneously recovered. 

A large epidemic occurred in Kikwit, DRC in 1995 with 315 cases, 244
of whom died. This outbreak was thought to have occurred after the index
case handled a monkey and smoked its flesh. 

Ebola virus infections were not reported again until the autumn of 2000
when an outbreak occurred in the Gulu district of northern Uganda. This
was the first outbreak ever documented in Uganda and, by the time that
it was declared over in February 2001, there had been 425 cases, including
224 deaths. Spread had been dramatic both in the community and in
hospitals, with healthcare workers among the dead. 

In Gabon, Ebola haemorrhagic fever was first documented in 1994 and
two outbreaks occurred in February 1996 and July 1996, with 37 cases and
21 deaths in Mayibout related to cooking a chimpanzee and 61 cases and 45
deaths in Booue. Another outbreak occurred in Gabon and the neighbouring
area of the DRC between October 2001 and March 2002 with 122 cases, of
whom 96 died.

Since then there have been series of outbreaks in the DRC, between
December 2002 and April 2003, November and December 2003, and May
and June 2005. All of these outbreaks were in the Cuvette Ouest Region of
the DRC. In the 2005 outbreak, only one case was laboratory confirmed
and 11 others epidemiologically linked; of these 12, 9 subsequently died.
Other contacts were monitored for 21 days after the last reported death, but
none was infected.

In 2004, a small outbreak occurred in Sudan with a concurrent measles
epidemic. This confused the differential diagnosis, with the final number of
cases actually attributable to Ebola being revised to 17 cases and 7 deaths.

The latest outbreaks were in 2007 and 2008, in the DRC and Uganda.
The 2007 outbreak in the DRC started in August, and finished in October
with 249 suspected cases and 183 deaths; another outbreak began in
December 2008. The last outbreak in Uganda was between November 2007
and February 2008. There were 149 cases with 37 deaths. Characterisation
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of the virus in the Uganda outbreak has led to the conclusion that this may
be a new species of Ebola virus, which as yet remains unnamed.

Treatment 

There is no therapeutic treatment for the disease. Supportive measures, such
as rehydration by intravenous fluids, blood transfusion, use of nutritional
supplements (again by intravenous route) and management of kidney failure,
can improve the outcome of the disease. Rapid treatment of secondary infec-
tions is also very important, especially in the convalescent patient. During the
Kikwit outbreak in 1995, eight patients were given blood donated by
survivors. Seven of the eight patients recovered, probably as a result of the
conferred immunity, although this treatment has not been properly clinically
evaluated.20 Research continues to try to develop a vaccine, and some
progress has been made with experimental protection using a live-attenuated,
recombinant, vesicular, stomatitis virus vector expressing the Ebola virus
glycoprotein.21 This product has been experimentally shown to completely
protect rodents and non-human primates from lethal Ebola virus challenge.22

Prevention 

Since 1989, there have been a number of cases of Ebola–Reston, fatal to
monkeys, but so far harmless in humans in quarantine facilities in the USA,
Philippines and Italy, all linked to primates sourced from the facility in the
Philippines where fresh-caught and captive-bred apes were mixed. The
recommendations from the CDC and other responsible bodies are that any
imported apes that have not been bred in captivity must be strictly quaran-
tined. For best practice this should be extended to all primates. Strict
hygiene measures should be employed. Appropriate protective clothing
should be worn at all times. 

Suspected Ebola haemorrhagic fever is a notifiable disease in the UK and
the USA, both domestically and to the World Health Organization (WHO).
For healthcare workers strict barrier nursing and the use and careful disposal
of gloves, syringes, needles and dressings are essential. All clinical specimens
have to be handled according to guidelines for extremely hazardous
substances. Immediate disposal of bodies in secure body bags with prompt
burial or cremation is necessary during an outbreak. 

Case contacts or individuals exposed in laboratories must be placed
under health surveillance for 3 weeks after their last possible exposure to
infection. If there is the onset of febrile symptoms they must be placed in
strict isolation until diagnostic test results have been obtained. 

In Africa, as the infection route is still incompletely understood, preven-
tion of Ebola poses a major problem. Educating healthcare workers and
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others to identify a suspected case early and be able to isolate the patient
with appropriate barrier nursing techniques is seen as the main thrust of
current limitation strategies. The main obstacle to the success of such a
strategy is the availability of sterile materials, protective clothing and
appropriate facilities. Usually once a case has been confirmed by diagnostic
tests an outbreak is already under way. 

Plague 

The Black Death, bubonic and pneumonic plague
Any book about zoonoses would not be complete without a section on
plague, and any section on plague must detail the historical importance of the
ravages associated with the disease. Even today, it is not unusual to see chil-
dren in the playground singing and acting out ‘Ring-a-ring o’roses, a pocket
full of posies, a-tishoo, a-tishoo, we all fall down’. This anonymous nursery
rhyme, originating in the middle of the seventeenth century, is a graphic and
simple representation of the effects of an outbreak of pneumonic plague. The
importance of rat control is emphasised in the same way, with the telling of
the tale of the Pied Piper of Hamelin. 

Historians differ in their view of the worst results of epidemic plague,
and the numbers of casualties quoted for pandemics are probably in legal
terms ‘unsafe’. The widest geographical epidemics are usually known as
pandemics and the consensus of opinion is that in recorded history there
have been three outbreaks that could be thus classified. 

The first to spread across Europe started in the sixth century, and was
known as the Plague of Justinian. There were widespread fatalities. This
outbreak was seen as a visitation by God on a sinful people; however, the
religiosity that it engendered was no protection against flea bites and disease. 

The outbreak now termed the Second Pandemic or the Black Death started
from a natural focus somewhere in Mesopotamia in western Turkey during
the eleventh century. Plague-infected rats and their associated fleas, carried
aboard trading ships, spread the Black Death from Tana in the Crimea,
Ukraine, to Messina in Sicily in 1347. In the ensuing European plague, which
endured up to the end of the seventeenth century, it is variously estimated that
a quarter to a half of the population died as a result of this disease alone. At
the height of the epidemic in the fourteenth century, the effect upon all aspects
of social and international development was profound: large swathes of land
in Europe became uninhabited. The epidemic in the UK in the 1660s, which
caused the Plague of London and other local outbreaks, stemmed from this
pandemic. Although important in British history, it was insignificant in world
terms, with only 70 000 fatalities. 

The third and last pandemic occurred during the late nineteenth century.
It owed its rapid spread to commercial shipping, with infected rats
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becoming stowaways on fast steam packets leaving Hong Kong and Canton
in 1894 for many other ports the world over. Within a decade it had spread
to over 70 ports on 5 continents. Coming as it did at a time when scientific
endeavour and disciplines were developing, the bacterium, its association
with rats and the rat flea as a vector were soon identified, allowing prevention
strategies to be put in place. 

The disease 

The pathogen responsible for plague is Yersinia pestis, a Gram-negative
coccobacillus. A facultative anaerobe, the bacterium is capable of forming
an encapsulated spore swiftly when exposed to the air. The risk of infection
from the spores, which are able to survive under suitable conditions for
prolonged periods of time, is considered to be significant in archaeological
excavations of burial sites. 

During World War II, part of the Blitz upon London was aimed at
disturbing the plague pits used for burials during the Plague of London three
centuries previously, in the hope of releasing viable spores into the environ-
ment. Had this succeeded, the death toll from this disease, let loose in a city
with increasing rodent numbers, poor sanitation and a displaced human
population, would arguably have been high. 

This was not the first use of the disease as a weapon of war. Corpses of
humans and animals that had died of this and other diseases have in the past
been hurled into besieged cities using catapults. This stratagem was used in
the hope and certainty of infecting the garrison from the earliest recorded
incidents of siege warfare until modern times. In 1346 a Tartar army
besieging the city of Kaffa, in what is now Turkey, suffered from plague.
They threw their dead into the city over the walls, and the resulting
epidemic forced the defenders to surrender. 

Plague has been identified as a pathogen at the centre of several coun-
tries’ programmes of biological warfare development. Russia is known to
have designed for use a genetically manipulated strain. Both North Korea
and Israel are known to have studied the use of this pathogen extensively in
an offensive military role. If employed, the pathogen would be delivered
using an air-borne route, so giving pneumonic plague to victims. 

Wild foci 

Wild plague foci, where suitable rodent populations and habitat conditions
exist, are found in the western USA, some countries in South America,
extensive areas of north-central, eastern and southern Africa, Madagascar,
Iran, and also along the frontier between Yemen and Saudi Arabia, central
and south-east Asia, and portions of the former Soviet Union23 (Figure 6.1). 
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These foci are associated with dry areas, usually where desert or prairie-
type landscapes form. Foci are normally away from urban areas because of
their inaccessibility, or their inhospitable nature. It is therefore unusual to find
human cases emanating from wild foci sources; however, in the USA where
there has been rapid expansion of urban areas and isolated condominium
building, an increasing number of human cases come from this source. 

Rodents in a natural plague focus become immune to the disease.
However, if they spread from the focus into another distinct rodent popula-
tion, especially one linked to an urbanised site, infection of a susceptible
population of rodents may produce massive fatalities. This can lead to the
phenomenon known as rat-fall, where a large number of rodent corpses are
seen in open areas. Associated with this event are usually reports of fleas
biting humans: the rat fleas leave the corpses in search of new hosts, and this
results in disease transfer. 

The world picture 

The WHO and the CDC have formed the World Health Organization
Colloborating Center or WHOCC for Plague at the CDC, Fort Collins,
Colorado, USA. The centre provides epidemiological assistance, with advice
on prevention strategies, diagnostic support (including a reference collection
of strains) and in-country training, and supports research into all aspects of
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plague. Plague is one of only three infectious diseases subject to international
health regulations. All confirmed cases should be reported to the WHO.23

The last worldwide study of plague was completed by the WHO in 1997,
and the overall world picture remains consistent with that study; however, this
may change in the future as alterations in climate may alter the epidemiology
(see below). 

In 2003, when the CDC conducted a survey, there were 2118 recorded
cases of plague worldwide with 1882 fatalities. Over 98% of the cases and
98% of the fatalities occurred in various plague foci in Africa. 

In Africa, Madagascar reports the highest number of cases in most years,
probably due to the large numbers of rodents in its unique ecosystem. The
disease has also been reported in Algeria, the DRC, Malawi, Tanzania and
Uganda.24

In the USA, there are two main regions where natural plague foci are
found: northern New Mexico, northern Arizona, southern Colorado and
California, southern Oregon and far western Nevada.

Plague also occurs across South America with cases being reported
recently from Bolivia, Brazil, Ecuador and Peru. 

In Asia, cases have been recorded in China, India, Indonesia, Kazakhstan,
Mongolia, Myanmar and Vietnam. Although cases are reported it is
possible that reporting may be incomplete. 

Epidemiology 

In terms of the development of an epidemic, the re-emergence of plague in
India in 1994 after a gap of reported cases of almost 30 years was dramatic. In
1993 a severe earthquake hit areas previously identified as having wild
plague foci. The resulting devastation allowed the rat population to increase
dramatically, with a corresponding increase in the population of their asso-
ciated fleas. In August 1994 a village in the Beed district reported rat-fall
and subsequent flea nuisance. An outbreak of bubonic plague followed,
with 596 cases but no fatalities. 

A separate outbreak in Gujarat followed flooding associated with a
record monsoon rainfall. During the clean-up operation, workers came into
contact with infected animal corpses. The initial cases turned into secondary
pneumonic plague, and subsequently, during an influx of people into Surat
City for a religious festival, an outbreak of pneumonic plague ensued. Of
151 cases, 52 died. 

Only sporadic cases were seen in India from 1994 until 2002, when a
cluster of cases was seen in Himachal Pradesh. The index case had killed a
sick wild cat, and then skinned it; he subsequently developed pneumonic
plague, infecting 13 of his relatives (probably due to close contact and
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poorly ventilated living accommodation) and 2 other people who acquired
the disease while in the same hospital as other victims.

In the USA, there were 107 cases and 11 deaths from human plague
between 1990 and 2005; of these cases 81 were bubonic, 19 septicaemic, 5
pneumonic and 2 unclassified. In 2006 there were thirteen cases, of which
two were fatal, in four US states: seven in New Mexico, three in Colorado,
two in California and one in Texas; five were septicaemic and eight bubonic. 

The most dramatic cases in the USA, and the ones that caused a major
public health response, were a married couple from Santa Fe, New Mexico
who travelled to New York City in November 2002. After arriving in New
York they both became ill, and were diagnosed with plague. An alert emer-
gency doctor who carried out the initial case assessment became aware that
the couple might have the disease, and a comprehensive health response led
to a number of healthcare workers and other contacts receiving antibiotic
prophylaxis. No further cases resulted. This case highlighted the risk that
infected people might travel to different areas, where the disease might not
be recognised during the pre-patent period.

There have been a number of outbreaks in Africa: Malawi (2002),
Uganda (2004) and the DRC (2005). The DRC outbreak in Oriental
province was unusual in that there were 130 suspected cases of pneumonic
plague, of whom 57 died. Thousands of people fled the region to avoid the
infection.25

An outbreak in Oran, Algeria in 2003 was not linked to a previously
identified focus; however, it may have been triggered by the building of a
new floor mill with subsequent rodent colonisation. Oran had historically
had a number of outbreaks, notably in the last two pandemics.26

In Tanzania, a natural focus has been identified in Lushoto province.
This focus is believed to have led to 7600 cases of plague in the period
1980–2004. 

The area of most concern in plague infection in Africa is currently
Madagascar. A strain of Y. pestis showing multiple antibiotic resistance has
emerged there.24 The island has an unusual animal population: rodent
species are widespread, leading to an atypical pattern of foci with a higher
risk to the human population. The majority of cases are bubonic, due to the
virtually universal source of infection being primary contact with rodent
fleas.

Climate change

The current changes in world climate with warmer springs and wetter
summers might increase the incidence of plague. This could stem from a
number of factors, such as increases in the numbers of rodents and more fleas
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(which because of the higher temperatures are more active and breed faster).
A 1°C increase in temperature in Kazakhstan over spring and summer has led
to a 59% increase in the number of reported cases of plague. Increased
temperatures were also associated historically with the previous pandemics.

A similar pattern has been seen in the USA around foci, with high rain-
fall in spring, and cool summers increase the numbers of rodents and fleas,
leading to pressure on rodents to move outward from the foci, thus
contacting susceptible rodents or humans.

Disease in animals 

The primary wildlife reservoirs of plague are rodent species. The rat, either the
domestic black rat (Rattus rattus) or the urban brown rat (R. norvegicus), is
the most important reservoir and rodent vector in terms of previous
pandemics. Other species may be involved depending on the site and situa-
tion of the natural foci involved. In the USA, ground squirrels, rabbits and
chipmunks have been identified as important maintenance hosts. Under
the normal circumstances in a natural wild focus, the disease cycles within
the rodent population and is transferred by fleas, which are often specific
to the rodent species involved27 (Figure 6.2). 
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Other animal species capable of carrying, amplifying or transmitting
plague include goats, dogs, cats, squirrels, camels and rabbits. Dogs usually
have a brief illness and often recover; cats are not so fortunate. They will
often have severe fatal infection with high fever, swollen lymph nodes,
pneumonic symptoms and encephalitis. Cats have caused human infection,
usually after bites or scratches or inhalation by the human of aerosolised cat
secretions. Other non-rodent species are also theoretically able to infect
humans via similar routes.

Transmission 

The infection of the first, and sometimes only, victim in an outbreak can
almost be classed as accidental, following bites from rodent fleas, either in
a natural focus or after a rat-fall. The infection may also follow direct
contact with rodents or other infected animals, especially if they are
butchered or skinned. The route of infection under these circumstances can
be by direct transfer of blood, ingestion of infected tissue, or inhalation of
infected aerosols of blood or mucus. There is some evidence that fomite
spread by knives or other instruments used to slaughter or butcher rodents
is also possible. 

Once an infected host has been bitten, the bacterium is ingested and
multiplies in the flea’s gut. The bacterium secretes a coagulase, causing an
occlusive clot to form in the mid-gut of the flea. This causes blood from a
previous bite to be regurgitated during the next bite, due to the obstruction
and the structure of the flea’s mouth parts. Inevitably this leads to transfer
of the bacteria in the most efficient manner possible. 

Once infected, fleas can remain infective for a period of weeks or
months. The coagulated mass can also ultimately kill the flea. The inoculum
necessary to initiate clinical disease, if delivered by the bite of a flea, is
believed to be a single viable organism. 

The usual route of infection for humans is by rat flea bite. There have
also been cases of plague being transmitted from human to human via the
bite of a human flea. This is believed to be extremely rare. 

Disease in humans 

The course that the disease then takes depends upon the route of infection
and the symptoms displayed. Cases are classified as bubonic, septicaemic,
meningeal, pharyngeal or pneumonic plague. 

Bubonic plague 

This is the classic pattern of infection following the bites of infected fleas or
inoculation of a wound with contaminated material. After infection, an

182 | Zoonoses

06 Chapter 1707  23/4/09  14:42  Page 182



incubation period of 2–6 days is normally seen. As with many other
diseases, the initial signs and symptoms after inoculation can be very gener-
alised and non-specific, but with an acute onset. A fever with headache,
chills, fatigue, sickness, joint pain and sore throat are the first clinical signs,
indistinguishable from infection with other pathogens. 

Following these initial symptoms, and the development of a persistent
fever that may increase, there is a progressive swelling of the lymph nodes.
This usually commences with the node nearest the site of inoculation. The
nodes become tender and are known as buboes, hence the condition’s name.
Vomiting and muscle pain with delirium usually follow. The swollen nodes
fill with pus and the disease spreads, through both the lymphatic system and
the bloodstream. The skin over the node becomes reddened, shiny and
swollen. 

On treatment the reddening starts to resolve. However, the buboes, espe-
cially the first, subside only over a period of time. The initial site can remain
swollen for weeks and may require surgical removal for full recovery to take
place. In untreated cases, more than half of patients will die. 

Septicaemic plague 

Primary septicaemic plague does not present with a bubo. There is a high
fever, with gastrointestinal disturbance. Symptoms may be confused with
urinary tract or chest infections, appendicitis or a viral infection. Pneumonic
plague may develop. The disease is progressive, and mediated by an endotoxin
secreted by the pathogen. There is an overwhelming immunological response,
resulting in a syndrome similar to anaphylactic shock. Intravascular coagula-
tion may occur with multiple-organ failure and respiratory distress, throm-
bosis and subdermal haemorrhage leading to the blackening and focal
necrosis (the symptom from which the soubriquet ‘Black Death’ comes) of the
skin. Meningeal plague can be present, as can ophthalmic involvement and
hepatic or splenic abscesses. 

Meningeal plague 

Usually seen as a complication of bubonic or septicaemic plague, it can also
be a primary infection. Fever, headache and stiffness of the neck, with
increasing delirium and confusion followed by coma, are normally seen. The
pathogen can be isolated from the cerebrospinal fluid. Most cases follow
delayed, inappropriate or bacteriostatic antibiotic therapy. The use of any
antibiotic incapable of crossing the blood–brain barrier carries with it the
risk of developing this form of disease. 

Pharyngeal plague 

Pharyngeal plague follows inhalation and deposition in the nose, mouth or
throat of large droplets of infected pulmonary exudate or ingestion of
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infected raw or undercooked meat. Clinical signs mimic bacterial or viral
pharyngitis, with severe lymph node swellings. The only way of character-
ising the infection and the responsible pathogen is by identification from a
throat swab and subsequent culture. The course of the disease is variable;
however, it normally progresses to a bubonic infection if the patient survives
that long. 

In 1994 (finally reported in 2005), there was a cluster of cases of pharyn-
geal plague associated with eating raw camel liver from an infected animal.
The index case slaughtered the camel, and presented with the bubonic form,
although he also did not eat any meat from the animal.5 People who ate raw
liver contracted pharyngeal plague, and a large number of other people who
ate the cooked meat or liver remained disease free.26

Pneumonic plague 

Patients suffering from bubonic or septicaemic plague may have a dissemi-
nation of infection to form a focus in the lungs, known as secondary
pneumonic infection. Although their infection remains mainly bubonic, and
the clinical course is relatively unaltered, they can develop cough with
production of aerosolised infected pulmonary exudate. This can transfer
infections to other individuals who then develop a primary pneumonic form
of the disease. Once individuals display pneumonic symptoms, they are
extremely contagious and the spread of the disease within human outbreaks
is usually by this rapid route, without the further involvement of rodents or
fleas. For the infection to spread, other individuals need to usually be within
2 m of an actively coughing patient. Humid overcrowded living areas
encourage and promote human-to-human spread by this transmission
route.29

Pneumonic plague is the form of the disease associated with the highest
rate of fatality. The pre-patent period is very short: 24–72 hours after expo-
sure. The initial symptoms are similar to other forms of the disease but there
is marked physical weakness and respiratory difficulty. A productive cough
with copious thin sputum, gradually increasing chest pain, breathing diffi-
culties and the coughing of blood are progressive signs as the condition
worsens. Deterioration is very rapid and death occurs within 3 days in
almost all untreated patients. 

To avert this outcome, antibiotic therapy must be commenced within
18–24 hours of clinical onset. Development of concurrent septicaemic plague
and associated complications make supportive therapy and nursing difficult. 

Diagnosis 

The WHOCC recommends that, immediately a diagnosis of human plague
is suspected on clinical and epidemiological grounds, appropriate specimens
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for diagnosis should be obtained and the patient should be started on specific
antimicrobial therapy without waiting for laboratory results. Victims
suspected of having the pneumonic form should be placed in isolation wards
and barrier nursed. 

Confirmation of the diagnosis follows isolation, culture and identifica-
tion of Y. pestis from specimens. Staining with Wayson or Giemsa stain
leaves the pathogen showing a distinctive bipolar appearance. On micro-
scopic examination they have a distinctive ‘safety-pin’ shape. Serological
testing, ELISA and antibody testing can also be used if available. In some
cases, diagnosis is only confirmed retrospectively post mortem. 

Treatment 

The first response to plague infection is antibiotics. The following notes
come from the WHO, CDC and HPA; however, not all drugs are licensed in
every country for use in plague. Any cases seen in the UK or the USA would
be treated by specialists. 

Streptomycin, tetracyclines and chloramphenicol have been tradition-
ally used to treat plague, with streptomycin being the treatment of choice,
especially in severe infections, in particular the pneumonic form. However,
the HPA now recommends gentamicin instead. Two pieces of research
suggest that gentamicin (either alone or in combination with a tetracycline
– doxycycline) was as effective as streptomycin and that doxycycline can be
used on its own as a monotherapy.30,31

Chloramphenicol 

Chloramphenicol is a suitable alternative to aminoglycosides in the
treatment of bubonic or septicaemic plague and is the drug of choice for
treatment of patients with meningeal, ophthalmic or pleural complications.
Chloramphenicol may be used together with either streptomycin or
gentamicin.

Tetracyclines 

The tetracyclines are bacteriostatic, and their use can lead to the development
of complications. However, they are deemed suitable for use in uncomplicated
cases. Tetracyclines can be used in addition to other agents.32

Other antibiotics 

Fluroquinolones such as ciprofloxacin and levofloxacin have been shown to
be effective against Y. pestis in laboratory and animal studies.33 Penicillins,
cephalosporins and macrolides have been shown to be ineffective or of
variable effect in the treatment of plague and they should not be used for
this purpose. 
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In the UK the current HPA recommendations are:

• Adults:
– gentamicin (first choice in pregnancy) 5 mg/kg i.m. or i.v. once a

day or 2 mg/kg loading dose followed by 1.7 mg/kg i.m. or i.v.
three times daily (renal function should be monitored and blood
taken for gentamicin or streptomycin levels)

– if aminoglycosides are unsuitable ciprofloxacin 400 mg i.v. twice
daily may be used (in milder cases only, 500 mg orally twice daily
may be used), or doxycycline 100 mg orally twice daily (for
ciprofloxacin, other fluoroquinolones with proven activity, e.g.
ofloxacin, levofloxacin, may be substituted, at equivalent doses)

– if plague meningitis is suspected chloramphenicol 25 mg/kg i.v.
four times daily may be given.

• Children:
– ciprofloxacin 10 mg/kg i.v. twice daily (max. 400 mg) not to

exceed 800 mg/day (in milder cases only, 15 mg/kg orally twice
daily may be given with total dose not to exceed 1 g/day)

– or doxycycline 100 mg orally twice daily in children � 8 years and
who weigh � 45 kg; in children � 8 years but weighing � 45 kg
the dosage of doxycycline should be 2.2 mg/kg every 12 h

– in cases of suspected meningeal plague, chloramphenicol 25 mg/kg
(max. 500 mg) orally or i.v. four times daily can be used. 

• In both adults and children therapy should be continued for 14 days.

Prophylaxis 

Healthcare workers or others who come into close contact with infected
patients should receive prophylactic treatment. It may also be suitable for
scientific fieldworkers investigating plague foci. Tetracycline, doxycycline or
co-trimoxazole is currently used. Chloramphenicol has fallen from favour,
due to the incidence of severe side effects. 

In the event of exposure to a deliberate release or contact with a case of
pneumonic disease, prophylactic antibiotic therapy should be initiated imme-
diately. Contacts of cases of bubonic plague should be assessed for the need
for prophylaxis. For adults, children and pregnant women, ciprofloxacin is
the drug of choice. 

The risk of adverse effects from antibiotic prophylaxis must be weighed
against the risk of developing clinical disease in both adults and children.
Other antibiotics, such as chloramphenicol or co-trimoxazole, could be
used in individuals who cannot tolerate the antibiotic, or where the risk is
considered to be too great.
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After initial treatment with ciprofloxacin, doxycycline may be substituted
to complete the 7-day prophylaxis. People who come into contact (� 2 m)
with patients with pneumonic plague should receive antibiotic prophylaxis
for 7 days. In healthcare and laboratory staff with continuing exposure,
prophylaxis should be extended to 7 days after the last contact with a patient
or sample considered to be infectious. Prophylaxis should continue until
exposure has been excluded.

As with anthrax, in the UK, the duration of initial course of antibiotic
treatment is currently 5 days from the HPA emergency system, and a PGD has
been developed to provide the necessary continuation course. Details may be
found on the DH website. In the UK the current HPA recommendations are:

• Adults (including pregnant women), initial (5-day) therapy: 
– ciprofloxacin 500 mg orally twice a day followed by a further 

(2-day) therapy of either ciprofloxacin 500 mg or doxycycline 100
mg orally twice daily.

• Children, initial (5-day) therapy:
– the dose of ciprofloxacin is age and weight dependent, with the

recommendation being that newborn babies up to the age of 
6 months receive 100 mg/day in divided doses, and older children
receive 15 mg/kg orally twice a day (dose not to exceed 1 g/day,
i.e. adult dosage) with a further (2-day) treatment of ciprofloxacin
at the same dose

– doxycycline may also be used at the following dosages: if the child
is � 8 years and weighs � 45 kg at a dose of 100 mg orally every
12 h; in children � 8 years but weighing � 45 kg the dosage of
doxycycline should be 2.2 mg/kg every 12 h.

Prevention 

Vaccination is available; however, the likelihood of travellers contracting
plague is very low. People going to work or live in areas where there is a
known wild focus may be vaccinated. Laboratory workers who could be
exposed to plague through clinical samples should be vaccinated in endemic
areas, especially if investigating the focus. Development of immunity takes
at least 1 month after immunisation. Immunisation with the vaccine does
not protect against developing primary pneumonic plague, so workers in
risk areas, especially if geographically isolated, should be educated about
signs and symptoms and encouraged to carry suitable antibiotics for imme-
diate use if required. The vaccine is available in the UK through specialised
centres, such as the Hospital for Tropical Diseases and the DH, and in the
USA through the CDC. It is unlicensed in the UK, although if needed this is
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probably not significant. The vaccine does not offer immediate protection
and should be used only for prophylaxis. 

Avoiding exposure to rodents and their fleas, and controlling rodents
and their fleas, remain the best methods of prevention. Domestic and
companion animals in endemic areas should be treated for fleas, and bites
and scratches avoided wherever possible.21

Rabies (hydrophobia) 

Classic rabies is caused by a genus Lyssavirus, family Rhabdoviridae virus,
sometimes known as genotype 1 virus, to distinguish it from other closely
related viruses that have been identified as causing similar illnesses (see
below). It is a continual challenge to public health systems worldwide,
especially in developing countries, with an estimated 55 000 deaths, and
approximately 10 million people receiving post-exposure prophylaxis
(PEP) annually worldwide, mainly in Africa and Asia.34

The expense of vaccine as PEP for patients exposed to animals suffering
from the disease or potentially rabid animals is a significant cost for the
public health purse in countries or areas where the disease is endemic. 

The UK and Europe

The UK benefits from a geographical advantage when it comes to rabies.
As an island it has been possible to eradicate the disease in the past and
prevent its re-introduction. The last indigenous case of rabies was in 1902,
and after a nationwide campaign and enforcement of a system of strict
quarantine the country was declared disease free. The continued enforce-
ment of these regulations and the strict rules relating to the issuing of pet
passports has maintained the UK in this status; however, this is not true of
continental Europe. 

Rabies is believed to have crossed the Polish border into Europe in the
late 1930s. At this point, the virus transferred from dogs (its previous reser-
voir) into its main reservoir species in western Europe, the red fox (Vulpes
vulpes); however, it is now believed that it also spread into the racoon dog
(Nycterentes procyonides). This has led to the current pattern of dog-
mediated rabies in eastern Europe, fox-mediated rabies in east and central
Europe, and racoon dog rabies in north-eastern Europe. Currently, only
Turkey has ‘dog-mediated rabies’, where wild and feral dogs form the main
disease reservoir. The southern portion of the former Soviet Union is unique
in having a mixed pattern of dog- and fox-mediated infection.35

The area where the disease was considered to be endemic advanced
towards the English Channel at approximately 20–60 km (12–36 miles) each
year, and had engulfed Paris by the late 1970s. A concerted effort by European
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governments over a number of years to vaccinate domesticated animals and
wildlife (by using baits loaded with an oral vaccine) has led to many states
being declared ‘rabies free’. The effectiveness of such schemes can be gauged
from the reduction seen in Germany, from 10 000 animal cases per year in
the late 1970s, to 56 cases in 1999, to 6 bat-linked cases in 2007.

During 2007, the WHO European rabies monitoring centre reported a
total of 9563 cases. Of these, 54% occurred in wild animals and 45% in
domestic animals. There were only nine human cases, with six in the Russian
Federation, two in the Ukraine and one in Romania. 

Cases in domestic animals totalled 4329, of which cats and dogs were
the most significant species. Cattle, horses, sheep and other farm animals
can also contract the disease, but onward transmission is unlikely. Rodents
and other small mammals may also carry and suffer from the disease. The
WHO programme also records and includes the detection of bats with
lyssavirus; however, although in 2007 26 bats were found with the disease,
reporting is probably incomplete. 

Many European countries are now considered to be rabies free, but this
status can be lost due to unforeseen circumstances, e.g. in September 2004,
France notified the WHO of a recent case of rabies in a dog illegally
imported from Morocco into France, which could have transmitted rabies
to humans and other dogs during August 2004; 187 people were given PEP,
no secondary cases were detected in animals during this period and the area
was declared rabies free again in March 2005. 

In March 2008, France lost its rabies-free status after the illegal importa-
tion of an infected dog, which subsequently infected two other dogs. A low
but increased risk of rabies was declared in three areas of France (Gers,
Grandpuits and Calvados). If no cases had been detected following this case,
the ‘rabies-free’ status should have been reinstated later in 2008.36 However,
after another case of rabies in an infected dog in October 2008, France is still
not considered to be rabies free. Similar incidents have occurred elsewhere in
Europe, notably in Switzerland in 2003. 

Rabies in North America 

Historically, rabies was endemic across the USA. The pattern of rabies infec-
tion in the USA has altered dramatically since the early twentieth century
when canine rabies predominated. Following extensive vaccination
programmes and a culling policy from the 1850s, domesticated animals, and
particularly dogs, as a source of rabies declined from 82.6% of reported cases
in 1950 to 7.9% in 2006. The total number of rabies cases in animals – both
wild and domesticated – across the USA in 2006 was 6490, of which 318
(4.6%) were in cats. Cases of canine rabies have been seen stemming from
imported animals posing the risk of accidental reintroduction.37
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New reservoirs of infection have now been identified in wild animal
populations, with racoons, skunks, ferrets, beavers and bats forming disease
reservoirs. Racoon rabies has spread across the eastern USA since 1981, and
has also spread into skunks. It is possible that, in a similar manner to the
change seen in western Europe in the 1940s, a new genotype will emerge.
This would have implications for control measures which centre around
oral inoculation using baits, as the vaccine used is efficient in raccoons, but
less so in skunks. The first known human death occurred in Virginia in 2003
with a man aged 25 becoming ill after being bitten by a rabid animal.38

In Canada, efforts have been made to eliminate the disease. A compre-
hensive vaccination by bait programme in Toronto, Canada has virtually
eliminated fox-mediated Arctic variant rabies with over 300 000 baits being
distributed between 1989 and 1999. Only 5 cases of rabid foxes were seen
between 1990 and 2006 compared with 19 cases between 1972 and 1989,
with the last rabid fox in the greater Toronto area being reported in 1996. 

Rabid bats have been detected in every US state except Hawaii since the
1950s, and have also been detected in Canada. Approximately three-quarters
of rabies deaths in the USA are now associated with bat rabies. Between
1990 and 2000, of 32 human cases of rabies, 24 were linked to bats, and
only 2 cases reported being bitten. Bats are difficult to control; they are
nocturnal, capable of living in large colonies in urban areas and often
protected by wildlife preservation statutes. 

Bat bites can be unrecognisable or easily overlooked and transmission
may have followed inoculation of wounds, mucous membranes or abrasions
with infected saliva. In many cases victims could not identify having been
bitten or exposed to contact with a bat, although they or their families
recalled bats being present in the patient’s work place or home. This has led
the CDC to issue guidance to clinicians that aggressive use of post-exposure
vaccination in individuals suspected of possible exposures to bats should be
considered. 

Rabies elsewhere in the world

In Asia and Africa, canine rabies predominates and is considered to be the
most significant animal reservoir worldwide, and control of rabies in canids
is seen as a high priority for preventing human infection. Rabies control
measures have improved in many South American countries, and the pattern
of infection has changed with canine rabies becoming less prevalent;
however there is another transmission path that has become more important
– transmission of the disease by vampire or haematophagous bats. Outbreaks
of bat-transmitted rabies have occurred in several remote areas in Brazil,
Peru and Venezuela, with sporadic cases occurring in Mexico, Chile and
Colombia. 
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The increase in vampire bat attacks and the transmission of rabies
appear to be linked to deforestation, and the change of roost from forest to
caves and disused mines.

During 2006, there were two rabies outbreaks in Portel and Viseu
municipalities in Para State, northern Brazil associated with vampire bats. A
total of 21 human deaths occurred. There had also been a outbreak in
Turiacu, northern Brazil in October 2005 which killed 12 people, and
another outbreak in Para in 2004.39

Disease in animals 

The causative rhabdovirus is shed in large numbers into the saliva of infected
mammals. Transmission follows inoculation of a bite wound or abrasion
with infected saliva. Any animal suffering from rabies will display symptoms
of CNS disturbance. After the incubation period and before the ‘mad’ or
excitative phase, the animal may display certain prodromal symptoms.
Behaviour will start to change: animals may display antisocial behaviour,
becoming solitary and sexually aroused, and having increased urinary
frequency. 

The animal shows a lack of appetite for food and will not drink. After a
few days the animal may become very excitable and vicious, biting or
attacking anything or anybody in close proximity. This phase may be
prolonged or short, and in some species is totally absent. The third or para-
lytic stage of the disease follows. As paralysis sets in, the animal becomes
progressively more docile and death follows rapidly, usually within 10 days of
the start of clinical signs. 

Transmission 

Humans contract the disease from bites of rabid animals, or by inoculation
of wounds with virus-containing saliva. The possibility of air-borne droplet
transmission has been demonstrated in caves where there are large popula-
tions of bats. The possibility of contracting the disease by organ or corneal
transplantation from patients dying of undiagnosed disease has also been
documented (see below). There is a theoretical risk of transmission of rabies
from the consumption of milk or meat from an infected animal, although
pasteurisation or thorough cooking is known to inactivate the virus.

Disease in humans 

The virus is localised for a period post-exposure in the immediate vicinity of
the wound. The area around the site of entry may be painful or itch.
Localised numbness, especially of the limb nearest the site, may be reported.
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There is a pre-patent period following infection: this period seems to vary
according to where the wound is in relation to the CNS – the closer the
wound, the shorter the period. However, it is usually between 3 and 12 weeks,
with variations linked to amount of inoculum and age of the patient; higher
inocula and younger patients show more rapid onset of disease. Incubation
periods of more than a year have occasionally been reported, with the
longest being 19 years and the shortest 4 days. Of infected people 93%
show symptoms earlier than 12 months after exposure.

The virus migrates from the point of inoculation during this period, and
enters the CNS. Early symptoms are very generalised, consisting of fever,
headache and lassitude. As the CNS involvement begins, more serious clin-
ical signs occur, often with acute onset. Symptoms progress as the neuro-
logical involvement increases. These can include insomnia, confusional states,
anxiety, paralysis, hypersalivation, with swallowing difficulties caused by
spasm of the oesophageal and laryngeal muscles (leading to the classic
symptom of foaming at the mouth), altered perception and aggression. The
patient may be extremely excited and often has convulsions. Disturbances
of normal breathing and cardiac function are also seen. In the final stages of
the disease most victims pass through phases of delirium, convulsions to the
almost invariable outcome of death. 

The synonym hydrophobia for the disease relates to the physical difficul-
ties of drinking experienced by humans and animals, which are probably
exacerbated by the abnormal mental state that occurs. The duration of the
disease is short: death follows within a few days of the start of clinical signs. 

Person-to-person transmission is extremely rare; however, precautions
should be taken to prevent exposure to the saliva of the diseased person. 

Diagnosis 

Diagnosis is often presumptive from the patient’s history or presence of bite
wounds. The virus can be isolated from bodily fluids or tissue samples and
identified by microscopy, after treatment with fluorescent antibody-staining
techniques. Rabies nucleic acid can also be detected using polymerase chain
reaction tests. Isolating and identifying the virus from brain tissue or saliva
post mortem often confirms diagnosis. 

Treatment 

Vigorous cleansing of bites or wounds with copious amounts of surfactant
disinfectants or soap and water is a vital measure to reduce the risk of infec-
tion. This must be carried out immediately or as soon after the event as is
practicable. In children, any bites are usually on the limbs, head, face or
neck, and they must be cleaned very thoroughly. Rapid use of post-exposure
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vaccination is recommended. Suturing should not take place because this
can spread the virus more rapidly.

Post-exposure treatment also uses human rabies immunoglobulin (HRIG)
(also known as antirabies immunoglobulin) locally infiltrated around the
wound site with concurrent administration intramuscularly. The dose used
is calculated on a weight basis at a rate of 20 units/kg; if all of the dose
cannot be infiltrated locally, or the wound has healed or is not visible, the
remainder may be given intramuscularly in the thigh, but not the buttocks.
HRIG is manufactured by Bio Products Laboratory and is available in the
UK from HPA laboratories and regional blood transfusion centres in England
and Wales. It is also available to the Scottish National Blood Transfusion
Service (see Appendix 2). 

In patients with overt clinical signs intensive care is required to maintain
respiration. If convulsions and seizures are controlled using anticonvulsants,
there is a small chance of survival. 

In 2004, a 15-year-old girl who had contracted rabies after a bat bite in
Wisconsin, USA, was placed in a drug-induced coma and treated with intra-
venous ribavirin. She was kept in the coma for 7 days, and her antirabies IgG
titre rose steadily. On day 33 of her illness she was taken off a ventilator and
3 days later transferred to a rehabilitation unit.40

This case was the sixth known human recovery from rabies; however, the
case was unique because the patient received no rabies prophylaxis either
before or after symptoms were seen. Previously no unvaccinated patients
had survived. All other survivors were either previously vaccinated or
received some PEP before symptom onset. 

The treatment method has been used in several cases since, with some
clinical variations; however, no other patient has survived.

Prophylaxis

Vaccination programmes in domestic animals, with rigid guidelines on the
control of stray or feral dogs, cats and other mammals, are important in
reducing risks and exposure in countries where the disease is present. The
vaccination of wild animal populations using inoculated baits has become
very important in reducing levels of disease in the wild animal reservoir
within endemic areas. Rigid control of animal imports and the use of pet
passport schemes or quarantine facilities allow risks to be reduced and
disease-free status to be maintained. 

Travellers to rabies-endemic countries should be warned about the risk
of acquiring rabies, although rabies vaccination is not a requirement for
entry into any country. The avoidance of bites and scratches from stray dogs
or companion animals in countries where rabies is endemic is the most
important part of any prevention strategy.
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Pre-exposure rabies vaccination should be considered for patients who
will be staying a month or more in countries where dog rabies is endemic.
The necessity of post-exposure rabies prophylaxis after an animal bite
should be discussed with patients planning to travel to a non-industrialised
country. They should be made aware that vaccination within a few days
after a bite is capable of preventing the disease developing. Prophylaxis is
recommended for travellers going to countries where there is a risk that
post-exposure therapy may be unavailable, or available only using products
of dubious quality.

All travellers to such countries may wish to ensure that they carry sterile
packs containing needles and syringes. In the event of the need for vaccina-
tion, clean equipment is then available. Travellers should be encouraged to
avoid handling, feeding or caressing wild and feral animals unless wearing
appropriate protective clothing. 

Individuals at risk of occupational exposure, such as workers in labora-
tories, quarantine facilities, port officials, customs officers, animal and bat
handlers, and veterinary surgeons, whose employment is likely to carry a
higher risk of exposure, should be considered for routine immunisation.
Healthcare workers likely to be exposed to patients with the disease must be
immunised wherever possible. 

Vaccination regimens 

There are wide regional variations in the types of rabies vaccines available.
In the UK a human diploid cell rabies vaccine (HDCV: Pasteur Mérieux) is
available, as is a purified chick embryo cell (PCEC) vaccine (Rabipur:
Novartis, MASTA); both are inactivated, containing no live virus, and may
be used interchangeably in the event of supply disruption. 

In other countries, especially developing nations, other products may be
in use. These include neural tissue vaccines prepared from sheep or mouse
tissue. These vaccines have a high incidence of associated neurological
complications; however, they may be the only product available. Some
countries also use more modern vaccines prepared on different substrates
to those in common use in western Europe or the USA. These include
purified Vero cell rabies vaccine (PVRV) and purified duck embryo vaccine
(PDEV). 

The UK DH recommends that for prophylactic use HDCV vaccine should
be given in a three-dose schedule on days 0, 7 and 28, with booster doses
every 2–3 years if the individual is at continued risk. The last dose may be
given from day 21 if insufficient time is available before the individual
travels to an endemic area. A booster dose should be given 12 months after
the first dose for those at regular or continuous risk, with further doses at
3- to 5-year intervals thereafter. For people at intermittent risk, or where
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they are returning to risk areas, and where no ready access to safe medical
care is available, a subsequent dose after every 2 years is required. 

Although pre-exposure vaccination does not eliminate the need for addi-
tional therapy after an incident, it does simplify post-exposure treatment by
removing the need for rabies immunoglobulin and by decreasing the number
of doses of vaccine required. 

Where it is not known what regimen (if any) a patient has been given as
prophylaxis, a full post-exposure regimen must be adopted unless there is
serological evidence of antibody response following a risk assessment.

Recommended post-exposure regimens differ according to the previous
vaccinations given. Fully immunised patients exposed to whatever level of
risk should be given two booster doses on days 0 and 3. Individuals who
have not been previously immunised, or who may have inadequate or out-
of-date prophylaxis, should receive a course of injections starting as soon as
practicable after exposure on days 0, 3, 7, 14 and 30, with a dose of HRIG
on day 0 if considered to be at high risk. 

Concomitant treatment with antimalarials, such as chloroquine and
mefloquine, interferes with the antibody response to HDCV. For patients
taking these medicines, intradermal vaccination is not recommended. The
intramuscular route must always be used. 

As with other immunisations, there may be a reaction to the injection.
Pain can occur at the injection site, with reddening, swelling or itching.
Headaches, nausea, gastrointestinal disturbance, generalised aching and
dizziness have been reported. Due to the serious nature of the disease, post-
exposure programmes must be continued despite mild localised or systemic
symptoms, or other factors such as pregnancy. The gluteal muscle must not
be used as an administration site, because past experience has shown that
there is a poor response to vaccine administered here. 

WHO recommendations 

The WHO endorses the use of the Essen or five-dose regimen in post-
exposure vaccination. This consists of five injections of one dose of vaccine
intramuscularly on days 0, 3, 7, 14 and 28. Day 0 is considered to be either
the day of the injury or the date at which treatment begins. In theory both
should coincide; however, in practice this may not always be the case.41

There is also a four-dose regimen with two doses of vaccine being given
on day 0, one in each deltoid/thigh, followed by one dose on days 7 and 21.
In addition to these vaccination schemes, there are other regimens that have
been developed to reduce the cost but not the effectiveness of post-exposure
treatment. 

Both of the following regimens use intradermal inoculation, reducing the
amount of vaccine required to produce a sufficient immune response. The
eight-site scheme requires injection of 0.1 mL at eight sites (one in each
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upper arm, one in each lateral thigh, one on each side of the suprascapular
region, and one on each side of the lower quadrant of the abdomen) on day
0, one injection in each upper arm and each lateral thigh on day 7, and one
dose in each upper arm on days 30 and 90 

The two-site scheme requires one injection of 0.1 mL at two sites on days
0, 3, 7 and 28. 

Other related viruses

There are a number of related lyssaviruses often referred to by genotype that
can cause a disease which in general terms is clinically similar to rabies.
They are closely related to the classic virus (genotype 1), and rabies vaccine
cross-reacts with these viruses, giving prophylaxis and treatment in human
cases. There are a number of other lyssaviruses identified in Russia that have
not yet been fully genotyped but are also capable of causing rabies-like
disease. These are known as Aravan, Khajard, Yuli, Irkut and West
Caucasian bat virus (Table 6.1).42

Lagos bat virus is carried by bats and has never been associated with
known human disease to date; it has recently been detected in bats in South
Africa, and appears to be sporadic, possibly reflecting bat migrational
patterns.43

Mokala virus is unusual in that it is carried by shrews, rodents, cats and
dogs. Mokala virus is believed to have caused disease in humans in Nigeria
during the 1970s shortly after its discovery, but no recent human cases have
been identified, although it has been identified in cats and dogs in South
Africa.

Duvenhage virus is also carried by bats, with the last recorded clinical
human case being recorded in 2006, when after a bat scratch a 77-year-old
South African man died; this was only the second human case ever attributed
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Genotype Name

2 Lagos bat virus

3 Mokala virus

4 Duvenhage virus

5 European bat lyssavirus 1

6 European bat lyssavirus 2

7 Australian bat lyssavirus

Table 6.1 Number of other lyssaviruses  capable of causing rabies-like disease
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to the virus, with the previous case occurring in 1970, when the virus was
first identified.44

European bat lyssavirus (bat rabies)

The risk of European bat lyssavirus (EBLV) is thought to be low; however,
much emphasis is placed on it in British public health circles. Since 1977
there have been five human deaths in Europe (three confirmed, two
possible) from EBLVs, all in cases where the human had been bitten or
scratched by bats and had not received rabies vaccination either before or
after the incident. Many other people have been bitten or scratched by bats;
however, they all received PEP.45

EBLV is split into two distinct genotypes: EBLV-1 is the predominant
genotype across Europe, but has been identified only in one (of 273 exam-
ined) serotine bat (Eptesicus serotinus) in southern England. EBLV-2 has
been detected in the UK with seven Daubenton’s bats (Myotis daubentonii)
testing positive: a pregnant female in 1996 in Sussex, a juvenile female in
2002 and an adult male in 2002 in Lancashire, a juvenile female in 2004 in
Surrey, an adult female in Oxfordshire in 2006, an adult female in Shropshire
in 2007 and another in Shropshire in 2008. In November 2002 in Scotland,
a bat handler became the first victim of EBLV-2 in the UK, after a bite from
an infected bat. Healthy bats often show lyssavirus antigens, although they
are not clinically ill, and are therefore believed to be capable of surviving
rabies-like disease. 

All bats in Britain are protected species and should not be handled,
particularly if sick or injured, except by professional bat handlers. In the
USA the situation is similar, and bats should not be handled by the general
public, if at all possible.

Australian bat lyssavirus

In 1996 a rhabdovirus related to rabies, now known as Australian bat
lyssavirus, was found in a sick bat. A bat handler died after being infected
with this pathogen in 1996, and in a separate incident in 1998 a further
human fatality occurred. It has been found sporadically since in bats, but no
other human cases have been seen.

Case histories

Classic rabies

A rabid kitten that had been handled by members of 60 female softball
teams at an interstate competition in July 2007 held in Spartanburg, South
Carolina, led to a multistate health alert. The kitten was taken home by one
of the team coaches, where it became ill and later died. On investigation it
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was found to have been rabid. Following tracking and investigation of people
exposed to the kitten, 27 were given prophylaxis: 1 from South Carolina, 15
from Georgia and 11 from North Carolina. No clinical cases of rabies
followed.

Bat rabies (non-EBLV)

There have been a number of incidents of human rabies after exposure to
infected bats since 2000 in the USA. In March 2002, a 28-year-old man
from Glenn County, California died of rabies after exposure to a Mexican
free-tailed bat, probably from a colony in his home. A previous case in
Amador County, California in September 2000 was associated with the
same species. Also in 2002, a 20-year-old man in Iowa died after exposure
to either infected silver-haired or pipistrelle bats. This was the first case of
rabies in Iowa since 1951. A boy from Tennessee, aged 13, died in the same
year in a case also associated with silver-haired or pipistrelle bats.

Since 2002, there have been on average one or two cases each year in the
USA across a number of states.

In Alberta, Canada, a 73-year-old man died of rabies in April 2007 after
a bite from a silver-haired bat.

Imported cases 

There have been a number of cases of imported rabies in Europe, the UK
and the USA in the last decade. 

In 2003, a 3-year-old child died in France after returning from Gabon
having been bitten by an infected dog. The following year there were three
separate incidents, with an Austrian tourist dying after being bitten in
Morocco, a young German girl died in Germany after holidaying in India
(see below), and a 41-year-old man died in Florida of canine rabies after
visiting Haiti on holiday.46,47

The latest case of imported rabies in a human in the UK was in 2005,
and followed a bite from a dog in Goa, India, while the patient was on
holiday. Vaccination was not sought post-exposure and the patient subse-
quently died after returning to the UK. There had been three previous cases
of imported rabies: the first in 1996 after a bite from a stray dog in Nigeria,
the second from a dog bite in the Philippines in 2001 and the third also from
a bite in Nigeria.48

In November 2006, an 11-year-old boy in California died of rabies, from
a virus type associated with canine-borne rabies in the Philippines. His
family had immigrated from the Philippines 2 years earlier, with the child
being bitten just before their departure for the USA.

In 2007, another German national died after being bitten by a stray dog
in Morocco.
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All of the victims were unvaccinated and all cases were fatal. These cases
highlight the need for travellers to be educated about this disease, and to
realise that a bite from an animal requires medical attention as soon after it
occurs as possible. 

Organ transplantation

In June 2004, an organ donor from Arkansas died (of undiagnosed rabies);
his liver and two kidneys were used in three subsequent transplantations in
Alabama, Oklahoma and Texas, with all the recipients dying of rabies.
Rabies has also followed corneal transplantations in eight people across five
countries.49

In similar circumstances, in February 2005, German officials reported
that three of six patients who received organs transplanted from a single
donor who died in December 2004 were infected with rabies. The donor
appears to have been infected while on holiday in India (see above), but was
symptom free when she died from cardiac arrest. Two of the three infected
died; the other was in a critical condition but later survived; the other three
who had received corneal and liver transplantations remained disease free,
but received PEP.50

UK guidelines state that individuals must not donate blood or tissue for
12 months (and until fully cleared by a clinician) after a known exposure to
an infectious disease Although rapid diagnosis tests are available, accurate
travel and clinical history as well as exact identification of causes of death
remain essential to reduce the risk of disease transmission.

Prevention

As mentioned previously, part of the protection and prevention measures in
place in the UK and the USA is a strict quarantine system. Recently this has
undergone a slight modification in the UK to allow a pet passport scheme
to undergo trials (see below). The effectiveness of the quarantine system in
the UK was demonstrated in April 2008, when a social worker involved in
bringing Sri Lankan street dogs into the UK was bitten by a puppy that later
died of rabies while in quarantine. She and two kennel workers were given
PEP. No further cases occurred. 

In the USA, it is recommended by the CDC that all cats be vaccinated
against rabies because they are more frequently seen with clinical disease than
dogs (269 cases in cats in 2005 compared with 76 in dogs in the same year).
Imported dogs must be immunised in accordance with CDC vaccination
requirements. 

The CDC also recommends that livestock that are particularly valuable,
especially breeding stock, should be vaccinated as should animals used in
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petting zoos, agricultural fairs and horses that move from state to state. All
wild animals caught for use in zoos should be quarantined for 6 months and
employees of exhibitions or zoos with animals should be immunised on a
precautionary basis. 

In healthcare settings, adherence to standard infection-control precau-
tions minimises the risk for healthcare workers’ exposure to rabies; however,
PEP should be provided to healthcare workers who care for patients with
rabies where their mucous membranes or open wounds may have been
exposed to infectious body fluids or tissue (e.g. saliva, tears, cerebrospinal
fluid or neurological tissue) from infected patients.

Children should be taught to be cautious in their interactions with
animals, especially those that are unfamiliar, to avoid potential exposures to
rabies and other infectious diseases. An apparently healthy dog, cat or ferret
that bites a person should be confined and observed daily for 10 days. If the
animal becomes ill or dies during this observation period, its brain should
be examined for evidence of rabies virus infection. If rabies is detected,
prompt administration of PEP is indicated. If the animal is unavailable for
testing, public health officials should be consulted. 

In the UK, the advice on the provision of PEP has changed since the
detection of EBLV in UK bats. As classic rabies vaccine offers complete
protection to this virus, the latest guidance stresses that clinicians need to be
aware of the risk of rabies after significant exposure to bats. If a person is
bitten or scratched, or there is direct contact with a bat to mucosa or broken
skin, the area should be cleaned thoroughly with water and soap and
medical advice sought urgently and expert assessment performed. PEP
(vaccination and possibly administration of immunoglobulins) is recom-
mended. Any member of the public finding a bat behaving abnormally,
found in an unusual place or under unusual circumstances, should not
attempt to handle or move the animal, but contact their local bat conserva-
tion group or the Bat Conservation Trust. All bat handlers and other people
likely to be at risk of exposure through the close handling of bats should be
vaccinated against rabies and this is provided free of charge by the HPA
through the NHS. 

Awareness in the general public and healthcare professionals of this
small risk needs to be addressed without creating unnecessary fear of these
endangered and protected animals.

Anyone who is bitten or scratched by a bat should contact a doctor
immediately, who should, in turn, seek expert advice. This is available 
24 hours from relevant centres: in England, the HPA Virus Reference
Department (tel: �44 (0)20 8200 4400) or Communicable Disease
Surveillance Centre (tel: �44 (0)20 8200 6868); in Wales, the National
Public Health Service for Wales (tel: �44 (0)29 20742178, out of hours
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(tel: �44 (0)29 20747747. In Scotland the Scottish Centre for Infection
and Environmental Health (tel: �44 (0)141 300 1100); and in Northern
Ireland, the Consultant in Communicable Disease Control in the relevant
health board or the Communicable Disease Surveillance Centre (Northern
Ireland) (tel: �44 (0)28 9026 3765).

In the USA, medical services should contact local county and state health
officials and the CDC.

Pet Travel Scheme (PETS) 

This scheme was introduced in the UK in April 2000. The regulations, made
under SI 1999 no. 3443 The Pet Travel Scheme (Pilot Arrangements)
(England) Order 1999, form the basis of the scheme. European Union (EU)
Regulation 998/2003, which has applied since July 2004, has updated the
scheme and sets the requirements for the movement of dogs, cats and ferrets
travelling within the EU, and into the EU from third countries. The rules of
entry to the UK remain largely unchanged by the Regulation. The scheme
aims not only to prevent rabies entering the UK, but also to prevent estab-
lishment of Echinococcus multilocularis and certain tick-borne diseases
endemic elsewhere in Europe and the rest of the world. It does not replace
the quarantine system; however, it does allow cats, ferrets and dogs, espe-
cially hearing dogs for the deaf or guide dogs for the blind, to accompany
their owners abroad. The scheme allows owners and their animals to travel
to a number of EU and non-EU destinations and return without needing
formal quarantine.

To enter an animal into the scheme, it must have a microchip inserted to
identify it permanently, and be verifiably and effectively vaccinated against
rabies. A certificate is then issued under the scheme. This allows the animal
to enter or leave the UK by specified routes and carriers. Details can be
found on the Defra website (http://maff.gov.uk/defra). Booster injections
have to be given as recommended by the rabies vaccine manufacturer to
maintain immunity and validity of the certificate. 

In addition to this certificate, there is a requirement for the animal to be
treated for ticks and tapeworms between 24 and 48 hours before it enters
or re-enters the UK. Again a certificate is issued by a vet to verify that the
treatment has taken place with approved products on each occasion. These
certificates must be obtained before travelling otherwise the animal may not
be accepted by the travel company or may be turned back at the border. 

During 2006, 8375 cats, 74 285 dogs and 31 ferrets successfully entered
the UK under the Scheme. In total, 362 602 pet animals have entered the UK
under the PETS since 2000 (ferrets have only been able to enter under the
Scheme since July 2004). There have been no cases of imported rabies in the
UK in animals that have used PETS.
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Deliberate release – bioterrorism

Initial definitions

• Biological terrorism: use of biological agents or toxins (e.g. pathogenic
organisms that affect humans, animals, or plants) for terrorist
purposes.

• Deliberate release: the spreading of a pathogen or toxin deliberately to
cause casualties, fear or disruption.

• Threat: the capability of an adversary, coupled with intentions, to
undertake malevolent actions.

Background

Following almost immediately after the attacks on the World Trade Centre
in September 2001, the anthrax letters in the USA prompted the WHO,
CDC, HPA and other healthcare bodies to explore for the first time, in the
public domain, the issue of bioterrorism.51

Biological warfare is not new, but it was not until the twentieth century
that state-sponsored programmes to develop biological weapons began to be
established, reaching their zenith in the latter years of the Cold War. By then
many nations had either established or sought to establish biological weapon
programmes, often known as the ‘poor man’s atom bomb’ (a reflection of the
likely level of fatalities and casualties that such attacks might cause). 

Estimates vary as to the level of casualties a deliberate release would
cause; however, a study at Stanford University in California in 2003, using
a computer model, estimated that a kilogram of anthrax spores released effi-
ciently in a city of 10 million people could cause as many as 123 000 victims
if antibiotic treatment was not administered within 48 hours. This was
almost identical with UK estimates made in the 1970s.

As the threat increased a Biological and Toxin Weapons Convention
(BTWC) was proposed, being initially signed in 1972, and ratified by more
than 100 nations in 1975, in an attempt to control the spread of such
weapons.

Many nations have since chosen to destroy their stockpiles of these
weapons and scale down or cease their offensive programmes in accordance
with the BTWC, retaining only a defensive or protective programme. Since
then the UN has sought to prevent proliferation of the technology, materials
and information that would allow other nations or organisations to develop
such programmes and destroy bioweapon programmes and stockpiles. 

The Australia Group

The Australia Group grew out of the BTWC in 1985, being an informal
arrangement aimed at reducing the proliferation and export or tranship-
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ment of biological warfare materials or production techniques. It currently
has 40 members plus the EU. It develops and updates lists of organisms and
toxins that it considers to be of concern. Although not all the organisms that
are listed under the Australia Group, or covered by the legislation such as
the UK Anti-terrorism, Crime and Security Act (ATCSA) 2001 and the asso-
ciated orders, or the Public Health Security and Bioterrorism Preparedness
and Response Act of 2002 and the Uniting and Strengthening America by
Providing Appropriate Tools Required to Intercept and Obstruct Terrorism
(USA PATRIOT) Act of 2001 in the USA, are zoonotic pathogens, many
are. Many of the moieties known to have been developed within state
programmes were also zoonoses, because they had the essential attributes
necessary for warfare agents, being easily transmissible to humans, aggressive
in terms of pathogenicity, and capable of both causing massive fatalities or
severely ill casualties and fear or panic among the ‘worried well’.

The Global Health Security Initiative 

Since 2001, although there are still concerns over state programmes, such as
those of Iran and North Korea, the main emphasis has shifted to an act of
bioterrorism or a deliberate release resulting from malicious activity by a
terrorist or terrorist-related organisation. 

Part of the international response to this threat has been the establish-
ment of the Global Health Security Initiative (GHSI), an informal, inter-
national partnership focused on strengthening health preparedness and
coordinating the global response to threats of biological, chemical or
radionuclear terrorism (CBRN) initially. Its remit has since been widened to
include in addition planning and response to pandemic influenza. 

Launched in November 2001 by Canada, the EU, France, Germany,
Italy, Japan, Mexico, the UK and the USA, the GHSI has appointed the
WHO as an expert adviser on health and has started a series of initiatives,
including exploring and encouraging joint projects to procure and develop
vaccines and antibiotics to counter biological agents, share emergency
response plans, collaborate on risk assessment and management, and agree
frameworks for countries to share expertise and laboratory linkages. 

Surveillance of data and epidemiological information are seen as key
indicators in detecting a deliberate release or bioterrorism incident, so the
GHSI also seeks to ensure that such data are rapidly shared so that a speedy
response can be mounted. 

Likely agents

The literature on state-sponsored biological warfare is now extensive and
identifies anthrax, Ebola virus and other haemorrhagic fevers (Marburg,
Crimean–Congo haemorrhagic fever or CCHF), botulinum toxin, plague,
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tularaemia, Q fever, brucellosis, Lassa fever and associated arenaviruses as
organisms that have been investigated and in some cases fully developed
into bioweapons. 

Luckily obtaining and developing the majority of these organisms is
currently believed to be beyond the capability of terrorist groups according
to the CDC; however, the main fear is that a terrorist group might attempt
to use a bioweapon.

Historically, terrorists or other extreme groups have attempted to use
deliberate releases. In 1984, followers of the Bagwan Shree Rajneesh, in
Oregon, attempted to influence the outcome of a local election by contam-
inating salad bars with pathogenic Salmonella spp.52 In a similar incident at
a medical centre in Dallas, Texas in 1996, 12 people were severely ill after
a disgruntled colleague deliberately contaminated cakes with a strain of
Shigella sp.

Anthrax in particular has attracted the attention of terrorists, with Al
Qaeda allegedly attempting to develop the bacterium into a viable weapon
at a number of sites in Afghanistan before the invasion of Afghanistan in
2002. After the invasion of the country and the destruction of a number of
sites, it is unclear whether they are currently attempting to reconstitute this
programme.53

Slightly more unusual were the attempts by the Aum Shinrikyo cult in
Japan to use botulinum toxin on a number of occasions in the early 1990s.
They also cultured anthrax, which they attempted to disseminate. There is no
evidence that there were any casualties from their efforts, unlike their
successful attack with sarin nerve gas in 1995 on the Tokyo underground,
where 12 people died and thousands required medical or hospital treatment.54

In the USA, the CDC has classified likely agents into three categories: A,
B and C (see list below – zoonotic diseases in bold). In essence those agents
in category A are considered to pose the highest risk in terms of ease of
dissemination and should be treated as the highest priority in terms of both
risk to human health and secondary spread, category B are the second
highest priority and category C the third priority, and include pathogens
that are emerging and might be engineered in the future to become capable
of mass spread.55

Category A 

Anthrax (Bacillus anthracis)
Botulism (Clostridium botulinum toxin) 
Plague (Yersinia pestis)
Smallpox (variola major) 
Tularaemia (Francisella tularensis) 
Viral haemorrhagic fevers (filoviruses, e.g. Ebola, Marburg and arenaviruses,
e.g. Lassa, Machupo).
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Category B 

Brucellosis (Brucella spp.) 
Epsilon toxin of Clostridium perfringens
Food safety threats (e.g. Salmonella spp., Escherichia coli O157:H7, Shigella
spp.)
Glanders (Burkholderia mallei)
Melioidosis (Burkholderia pseudomallei)
Psittacosis (Chlamydia psittaci) 
Q fever (Coxiella burnetii)
Ricin toxin from Ricinus communis (castor beans)
Staphylococcal enterotoxin B
Typhus fever (Rickettsia prowazekii).
Viral encephalitis (alphaviruses, e.g. Venezuelan equine encephalitis, eastern
equine encephalitis, western equine encephalitis)
Water safety threats (e.g. Vibrio cholerae, Cryptosporidium parvum)

Category C 

Emerging infectious diseases such as Nipah virus and hantavirus.

Public health dimension

A deliberate or accidental release of a biological pathogen poses a threat to
the public, and therefore it is unsurprising that in the UK, the USA and the
EU there have been measures taken to try to put plans in place to tackle any
incident. It is also complex, because it requires, subsequent to the realisation
that an incident has occurred, a coordinated approach from health services
(primary and secondary care, government, public health authorities and
voluntary organisations such as the Red Cross), police and emergency
services, and also the media. 

In the UK and the USA, the police will always have the lead in such situ-
ations, because it is likely to stem from a criminal act; however, emergency
preparedness, and the mitigation of such an attack, is a civil authority
responsibility within national guidelines, so health authorities and adminis-
trations should have a plan in place to deal with any incident quickly and
appropriately.56

The HPA is pivotal to the response to any such incident in the UK, and
has issued guidance (which can be found on its website) for health profes-
sionals and public bodies, including the recent update of the HPA’s CBRN
Incidents – Clinical Management and Health Protection manual in
September 2008.57 Importantly the response in the UK relies on health
workers recognising new or unusual clusters of infections, where a number
of people becoming ill, at or around the same time, especially where associ-
ated with unusually high morbidity or mortality, or where a single case is
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seen that demonstrates unusual or particularly severe symptoms, where there
is no associated history to suggest an explanation of the illness. Where such
cases are seen contact should be made immediately with the medical micro-
biologist or infectious disease consultant at the local hospital. Failing this,
contact the Director of Infection Prevention and Control, the local health
protection unit or the HPA direct on �44 (0)20 8200 4400. Full details may
be found on the HPA website at www.hpa.org.uk.

In the USA, the county and then state and federal health authorities
should be contacted along with the CDC. More information can be found
on the CDC website – bioterrorism links (see Appendix).

Preparedness

In both the USA and the UK, emergency preparedness plans are exercised
regularly, sometimes using simulated casualties. Stockpiles of antibiotics,
protective clothing and decontamination materials are also maintained. As
healthcare professionals, the main role is to initially identify that an event
has occurred and be prepared to support the response to such an event with
the knowledge of treatment, prevention and infection control.
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