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“Death on a Pale Horse”, oil on canvas, 1825 - 30, Joseph Mallord William Turner,
Tate Gallery, London.

“....And I looked, and beheld a pale horse, and his name that sat on him was Death...”

Revelations, 6:8
A dreadful plague in London was In the year sixty-five,
Which swept an hundred thousand souls
Away; yet | alive!



It was about the beginning of September, 1664, that I, among the rest of my neighbours,
heard in ordinary discourse that the plague was returned again in Holland; for it had
been very violent there, and particularly at Amsterdam and Rotterdam, in the year 1663,
whither, they say, it was brought, some said from Italy, others from the Levant, among
some goods which were brought home by their Turkey fleet; others said it was brought
from Candia; others from Cyprus. It mattered not from whence it came; but all agreed it
was come into Holland again. We had no such thing as printed newspapers in those days
to spread rumours and reports of things, and to improve them by the invention of men, as
I have lived to see practised since. But such things as these were gathered from the letters
of merchants and others who corresponded abroad, and from them was handed about by
word of mouth only; so that things did not spread instantly over the whole nation, as they
do now. But it seems that the Government had a true account of it, and several councils
were held about ways to prevent its coming over; but all was kept very private. Hence it
was that this rumour died off again, and people began to forget it as a thing we were very
little concerned in, and that we hoped was not true; till the latter end of November or the
beginning of December 1664 when two men, said to be Frenchmen, died of the plague in
Long Acre, or rather at the upper end of Drury Lane. The family they were in
endeavoured to conceal it as much as possible, but as it had gotten some vent in the
discourse of the neighbourhood, the Secretaries of State got knowledge of it; and
concerning themselves to inquire about it, in order to be certain of the truth, two
physicians and a surgeon were ordered to go to the house and make inspection. This they
did; and finding evident tokens of the sickness upon both the bodies that were dead, they
gave their opinions publicly that they died of the plague....

...a blazing star or comet appeared for several months before the plague, as there did the
year after another, a little before the fire. The old women and the phlegmatic
hypochondriac part of the other sex, whom | could almost call old women too, remarked
(especially afterward, though not till both those judgements were over) that those two
comets passed directly over the city, and that so very near the houses that it was plain
they imported something peculiar to the city alone; that the comet before the pestilence
was of a faint, dull, languid colour, and its motion very heavy, Solemn, and slow; but that
the comet before the fire was bright and sparkling, or, as others said, flaming, and its
motion swift and furious; and that, accordingly, one foretold a heavy judgement, slow but
severe, terrible and frightful, as was the plague; but the other foretold a stroke, sudden,
swift, and fiery as the conflagration. Nay, so particular some people were, that as they
looked upon that comet preceding the fire, they fancied that they not only saw it pass
swiftly and fiercely, and could perceive the motion with their eye, but even they heard it;
that it made a rushing, mighty noise, fierce and terrible, though at a distance, and but
just perceivable. | saw both these stars, and, | must confess, had so much of the common
notion of such things in my head, that | was apt to look upon them as the forerunners and
warnings of God'’s judgements, and especially when, after the plague had followed the
first, | yet saw another of the like kind, I could not but say God had not yet sufficiently
scourged the city. But | could not at the same time carry these things to the height that
others did, knowing, too, that natural causes are assigned by the astronomers for such
things, and that their motions and even their revolutions are calculated, or pretended to
be calculated, so that they cannot be so perfectly called the forerunners or foretellers,
much less the procurers, of such events as pestilence, war, fire, and the like. But let my
thoughts and the thoughts of the philosophers be, or have been, what they will, these



things had a more than ordinary influence upon the minds of the common people, and
they had almost universal melancholy apprehensions of some dreadful calamity and
judgement coming upon the city; and this principally from the sight of this comet, and the
little alarm that was given in December by two people dying at St Giles'’s ....

...It came very warmly into my mind one morning, as I was musing on thiS particular
thing, that as nothing attended us without the direction or permission of Divine Power, so
these disappointments must have something in them extraordinary; and | ought to
consider whether it did not evidently point out, or intimate to me, that it was the will of
Heaven | should not go. It immediately followed in my thoughts, that if it really was from
God that | should stay, He was able effectually to preserve me in the midst of all the
death and danger that would surround me; and that if | attempted to secure myself by
fleeing from my habitation, and acted contrary to these intimations, which I believe to be
Divine, it was a kind of flying from God, and that He could cause His justice to overtake
me when and where He thought fit. These thoughts quite turned my resolutions again,
and when | came to discourse with my brother again | told him that I inclined to stay and
take my lot in that station in which God had placed me, and that it seemed to be made
more especially my duty, on the account of what I have said.....

....Indeed, the poor people were to be pitied in one particular thing in which they had
little or no relief, and which | desire to mention with a serious awe and reflection, which
perhaps every one that reads this may not relish; namely, that whereas death now began
not, as we may say, to hover over every one’s head only, but to look into their houses and
chambers and stare in their faces. Though there might be some stupidity and dulness of
the mind (and there was so, a great deal), yet there was a great deal of just alarm
sounded into the very inmost soul, if I may so say, of others. Many consciences were
awakened; many hard hearts melted into tears; many a penitent confession was made of
crimes long concealed. It would wound the soul of any Christian to have heard the dying
groans of many a despairing creature, and none durst come near to comfort them. Many
a robbery, many a murder, was then confessed aloud, and nobody surviving to record the
accounts of it. People might be heard, even into the streets as we passed along, calling
upon God for mercy through Jesus Christ, and saying, ‘I have been a thief, ‘I have been
an adulterer’, ‘I have been a murderer’, and the like, and none durst stop to make the
least inquiry into such things or to administer comfort to the poor creatures that in the
anguish both of soul and body thus cried out. Some of the ministers did visit the sick at
first and for a little while, but it was not to be done. It would have been present death to
have gone into some houses. The very buriers of the dead, who were the hardenedest
creatures in town, were sometimes beaten back and so terrified that they durst not go into
houses where the whole families were swept away together, and where the circumstances
were more particularly horrible, as some were; but this was, indeed, at the first heat of
the distemper .....

....The contagion despised all medicine; death raged in every corner; and had it gone on
as it did then, a few weeks more would have cleared the town of all, and everything that
had a soul. Men everywhere began to despair; every heart failed them for fear; people
were made desperate through the anguish of their souls, and the terrors of death sat in
the very faces and countenances of the people....In our parish of Aldgate the dead-carts
were several times, as | have heard, found standing at the churchyard gate full of dead



bodies, but neither bellman or driver or any one else with it; neither in these or many
other cases did they know what bodies they had in their cart, for sometimes they were let
down with ropes out of balconies and out of windows, and sometimes the bearers brought
them to the cart, sometimes other people; nor, as the men themselves said, did they
trouble themselves to keep any account of the numbers....

...Nothing but the immediate finger of God, nothing but omnipotent power, could have
done it. The contagion despised all medicine; death raged in every corner; and had it
gone on as it did then, a few weeks more would have cleared the town of all, and
everything that had a soul. Men everywhere began to despair; every heart failed them for
fear; people were made desperate through the anguish of their souls, and the terrors of
death sat in the very faces and countenances of the people...Nor was this by any new
medicine found out, or new method of cure discovered, or by any experience in the
operation which the physicians or surgeons attained to; but it was evidently from the
secret invisible hand of Him that had at first sent this disease as a judgement upon us...

Daniel Defoe, “A JOURNAL OF THE PLAGUE YEAR -

being observations or memorials of the most remarkable occurrences, as well public as
private, which happened in London during the last great visitation in 1665. Written by a
Citizen who continued all the while in London. Never made public before”, 1722.

Daniel Defoe’s chilling account of the great Plague of London in 1665, though written in
1722, was in fact an eye witness account of sorts. He was 5 years old at the time and he
certainly knew many who lived through it. Indeed he signed the work “H.F” . Henry Foe
was his uncle and Defoe probably got many of the stories from him. Indeed even as a five
year old he would certainly have had vague but terrifying memories of the event that
killed about a quarter of London’s population. It was the most devastating biomedical
disaster since the Black Death. Defoe, as a highly educated man of the Enlightenment
struggled to understand the cause of this apocalypse. He dismisses the notions of
astrologers, and wonders if there was a natural explanation. Newton’s Principia was
published 20 years after the event and he conjectures that if Astronomers could now
predict the heavens, then perhaps one day disease could also be predicted. Though
knowledge in Physics was rapidly advancing at this time, medical knowledge remained
archaic and positively medieval. In the end he can only attribute the terrible visitation to
the will of God, who wished to punish a sinful people. Though none knew it at the time, or
even in 1722, the first brilliant step in understanding disease was in fact made in the
Plague year itself. | Robert Hooke published his “Micrographia” in 1665, which brought
to light an astonishing living microscopic world, which people previously had been in
complete ignorance of. Amoung the many drawings of these microscopic animals was
one of a flea. Hooke in detail that barely differs from modern representations, had
unknowingly depicted the vector of the Great Plague! It was the bite of the flea that
carried Yersinia pestis from the black rat to humans that caused the plague.

In part the Plague of 1665 ended, if not entirely by the will of God, then at least in large
part by the Great Fire of London in 1666, which went a long way in eliminating the
monstrous population of black rats that inhabited London at the time. In the 21st century
modern rodenticides such as the super-warfarins can now do the same job as the
apocalyptic, but ultimately cleansing, inferno of 1666!



RODENTICIDES - ANTICOAGULANT

Introduction

Anticoagulant rodenticides are long-acting, (months), high potency “super
warfarins”.

Massive or repeated overdose can lead to:
° Profound anticoagulation.
° Very prolonged effects (weeks to months).

Anticoagulant rodenticides include the following agents:

° Brodifacoum, (a 4-hydroxycoumarin).

° Bromadiolone, (a “second generation” 4-hydroxycoumarin)
° Chlorophacinone

° Difenacoum, (a 4-hydroxycoumarin).

° Diphacinone

° Flocoumafen, (a 4-hydroxycoumarin).

In contrast to intentional warfarin overdose (in those not requiring anticoagulation),
empirical vitamin K is not given in cases of anticoagulant rodenticide ingestion.

If coagulopathy does develop, then treatment is complex and should be guided by a
clinical toxicologist.

History

In the early 1920s, an outbreak of a previously unrecognized cattle disease in the northern
United States and Canada occurred. Livestock were dying of an unknown hemorrhagic
disease. It was discovered that the cause was ingestion of spoiled sweet clover. The toxic
component was found to be bis-hydroxycoumarin.

From this coumarin derivatives were developed and later used therapeutically as
anticoagulants and commercially as rodenticides.

Pharmacokinetics

Absorption:

° The anticoagulant rodenticides are completely absorbed when ingested.



Distribution:

° They are highly lipid soluble and so have large volumes of distribution, with
particular concentration within the liver.

Metabolism and excretion:

) Enterohepatic recirculation results in very prolonged elimination half lives
of the order of weeks to months.

Pathophysiology

The anticoagulant rodenticides antagonize the production of the hepatic vitamin K
dependent clotting factors (i.e I1, VII, IX and X) in the same way as warfarin.

Increased potency and prolonged duration of action are a result of:

° Increased affinity for vitamin K1 2,3 epoxide reductase
° Disruption of the vitamin K cycle at multiple sites

° Hepatic accumulation

° Prolonged elimination half - lives.

Risk Assessment

° Single accidental ingestion does not cause significant anticoagulation.

° Massive single ingestions of Brodifacoum will result in significant
anticoagulation

Massive single ingestion of Brodifacoum may be defined as:

v > 0.1 mg/kg

v 2 grams/kg of 0.005 % bait

v 3 x 50 gram pellet packs (in a 75 kg adult).

The most common long-acting anticoagulant rodenticide agent is brodifacoum. It
is available at a concentration of 0.005% and large amounts need to be ingested to
have any effect. More concentrated formulations are also available so the dose

ingested should always be estimated by the weight of brodifacoum (milligrams)
ingested rather than the amount of bait.



Paediatrics: ingestions of less than 0.5 mg brodifacoum are not associated with
clinically important bleeding.

Adults: ingestions of less than 1 mg brodifacoum are not associated with
clinically important bleeding.

Ingestions exceeding the amounts specified above may cause anticoagulation,
although severe anticoagulation usually requires much larger amounts. There is
enormous individual variability in response to these agents, similar to warfarin.

Repeated ingestion can result in severe and prolonged anticoagulation requiring
massive doses of vitamin K.

Children:
v Anticoagulation has not been reported in a child. It has been estimated that

a young child would need to ingest > 30 grams of a 0.005 % formulation
as a single ingestion to result in significant anticoagulation.

It should be noted that there is significant individual variability in response to these
agents, similar to warfarin.

Clinical Features

Following a single ingestion patients in the first instance are usually asymptomatic.

The onset of coagulopathy is delayed for 12 - 48 hours.

Peak abnormalities are delayed up to 3 - 4 days.

Investigations

1.

2.

FBE

U&Es/ glucose

INR:

Following single ingestion:

° INR is normal for the first 6-12 hours following deliberate ingestion.

° Following massive overdose, the INR should be performed every 12
hours for 48 hours looking for evidence of developing toxicity. (Vitamin

K is withheld until anticoagulation is documented).

° A normal INR at 48 hours excludes a toxic ingestion.



Following repeated ingestion, (over several days);

) The INR is abnormal on presentation, (and vitamin K can be commenced
immediately).
° Ongoing INR measurements monitors response to treatment
4. Super warfarin levels:

These are useful to:

) Confirm diagnosis in suspected paediatric non-accidental poisoning
° Confirm diagnosis in occult poisoning.
) Determine when it is safe to cease vitamin K therapy.

Management

Haemorrhaging patients

Cases of life threatening bleeding from super warfarin rodenticides are managed as for
warfarin induced life threatening bleeds.

Give:

° 10 mg IV vitamin K

° FFP 15mis/kg.

° Prothrombin X 50 U / kg.

Non - Haemorrhaging patients

1. Charcoal:
° Charcoal is not necessary following small accidental ingestions.
° Charcoal is indicated following massive single ingestion. 50 grams should

be given to cooperative patients up to 12 hours post massive ingestion.
2. Vitamin K:
° Here the situation is different to overdose with warfarin.

Rather than being given empirically, vitamin K is withheld for rodenticide
overdoses.



It should not be administered prophylactically as a single dose because
this will just delay the onset of anticoagulation.

It is only given when, (and if) anticoagulation develops.

The reason for this is that the long-acting superwarfarins seldom produce
any appreciable toxicity in humans - very large doses are in fact required.

Furthermore the decline in coagulation factors is relatively gradual and
giving vitamin K will mask the onset of toxicity.

So if empirical treatment is given then you are committed to therapy with
large doses of vitamin K for possibly many months when in fact and the
vast majority of patients will not require it.

If coagulopathy does develop, then treatment is complex and should
be guided by a clinical toxicologist.

Initiation of Vitamin K 2

° If coagulopathy is seen, then very large doses of vitamin K are
required for a period of weeks to months (due to slow elimination
of the super-warfarin)

It is difficult to determine the appropriate initial dose, but safest to
start with a relatively large dose and titrate to maintain a normal
INR. In patients with an INR greater than 2.0, use:

v Phytomenadione 20 - 100 mg orally or 1V, twice daily

For patients with an INR greater than 10, the higher end of the
dosage range should be used.

The dose may need to be increased for large ingestions based on
daily INR. Therapy should continue for a minimum of 1 month
with weekly INRs, and then be weaned if the INR remains normal
(using daily INRS).

The vitamin K analogue menadione (vitamin K3) or any other
vitamin K analogue except K1 (phytomenadione), cannot be
used for treatment of long-acting warfarin rodenticide overdose.

Cessation of vitamin K

v The safe withdrawal of vitamin K therapy must be determined by
close medical specialist supervision.



Disposition:

INR Monitoring:

Minor unintentional ingestions do not require hospital observation, investigation
or treatment with vitamin K

An INR is indicated following cases of repeat ingestion.
Following massive single ingestions the INR should be monitored for 48 hours.
A normal INR at 48 hours excludes toxicity.

Established anticoagulation requires hospital admission for stabilization on high
dose oral vitamin K.

It is essential to ensure ongoing compliance with vitamin K therapy.

Vitamin K therapy may be required for some months.

Criteria for discharge: 2

Children who have ingested less than 0.5 mg brodifacoum can be discharged.

Adults who have ingested less than 1 mg brodifacoum can be discharged.

Criteria for admission: 2

All ingestions of more than 0.5 mg brodifacoum in children

More than 1 mg brodifacoum in adults, should be admitted for at least 48 hours
after ingestion for serial INR
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Human remains from
the Liverpool
Crossrail
Archaeological site,
discovered in 2015.
This astonishing
discovery has yielded
around 3,000
skeletons from a mass
burial ground dated
from a tombstone
inscription to the year
1665. The remains are
believed to be those of
victims of the Great
Plague of London.




“Flea”, from Robert Hooke, “Micrographia - or, Some physiological descriptions of

minute bodies made by magnifying glasses with Observations and Inquiries thereupon”,
1665.
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