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Haemorrhagic Smallpox
2. Specific Bleeding and Coagulation Studies*

P. J. McKENZIE,l J. H. GITHENS,2 M. E. HARWOOD," J. F. ROBERTS,1
A. R. RAO3 & C. H. KEMPE4

A total of 60 patients in Madras with haemorrhagic and non-haemorrhagic clinica,
forms of smallpox were investigated by a variety of bleeding and coagulation studies in an
attempt to reveal specific haematological defects that might account for the haemorrhagic
diathesis in certain cases of smallpox.

The non-haemorrhagic smallpox patients had no coagulation abnormalities, although
some had thrombocytopenia.

The early haemorrhagic patients showed a deficiency of platelets, prothrombin and
accelerator globulin, and increased circulating antithrombin. Patients with the late form
ofhaemorrhagic smallpox showed significant thrombocytopenia and less severe deficiencies
of the same coagulation factors; a few also had increased antithrombin.

The authors suggest that therapy with fresh, frozen or lyophilized plasma should be
tried; fresh, platelet-rich plasma should offer the greatest benefit.

Preliminary studies carried out at the WHO-
supported research laboratory at the Infectious
Disease Hospital, Tondiarpett, Madras, India, have
demonstrated the presence of significant coagulation
defects of the tissue thromboplastin system and the
second stage of clotting (prothrombin complex) and
a circulating antithrombin in addition to thrombo-
cytopenia in persons with haemorrhagic smallpox
(Roberts et al., 1965).

* This is one of a series of studies carried out in Madras,
India, with the purpose of shedding new light on a number of
still unsolved problems in the epidemiology, immunology,
pathogenesis, prevention and treatment of smallpox. The
studies were conducted under the sponsorship of the World
Health Organization; the Indian Council for Medical
Research; the Director of General Health Services, Govern-
ment of Madras; the Commissioner, Corporation of Madras;
the Health Officer, Corporation of Madras; the King Insti-
tute, Guindy; and the Infectious Disease Hospital, Madras.
They were supported by grants from the World Health
Organization; the National Institutes of Allergy and Infec-
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Md., USA (Grant Al 01632-09 VR); and the Marcus Tullius
Reynolds III Fund.
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The type and degree of coagulation deficiency was
related to the clinical type of smallpox. The various
forms of variola have been classified by Rao (un-
published) as haemorrhagic, flat, ordinary and
modified. The three non-haemorrhagic types of
smallpox are each divided clinically into confluent,
semi-confluent and discrete, depending on the
density of the lesions.
Haemorrhagic cases are clinically of two types

-early and late. Early haemorrhagic smallpox
patients are extremely ill with a severe, prolonged,
prodromal fever and the development of haemor-
rhage (especially in the conjunctiva and mucuous
membranes) before the typical skin rash develops.
Death usually occurs before the sixth day of illness
with multiple haemorrhages that may involve any
organ. Late haemorrhagic patients do not show
evidence of bleeding until after the typical skin
lesions of variola have appeared. The course of the
disease is usually rapidly progressive with high fever.
Death occurs before the twelfth day in most cases.
The results of the present study are presented for

patients with the early haemorrhagic, late haemor-
rhagic, and the various non-haemorrhagic forms of
smallpox, and compare the results of the platelet
count and detailed bleeding and clotting tests in
each of these clinical forms of the disease.
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MATERIALS AND METHODS

Sixty patients were studied at the Infectious
Disease Hospital, Tondiarpett, Madras, India, from
December 1963 to September 1964. Thirty-nine had
haemorrhagic smallpox, including 14 with the early
haemorrhagic disease, and 25 with the late haemor-
rhagic form. Twenty-one smallpox patients without
clinical evidence of haemorrhage were also studied.
Normal control samples were obtained from labora-
tory and hospital personnel.

Essentially all haemorrhagic smallpox patients
who were admitted to the hospital during this
period were studied immediately after the diagnosis
had been made. The non-haemorrhagic smallpox
patients were chosen by random selection at various
stages of the disease.
None of the early haemorrhagic patients had

received treatment of any type before study. Several
of the late haemorrhagic and the non-haemorrhagic
smallpox patients had received penicillin or chloram-
phenicol, but very few other drugs had been adminis-
tered before the specimens were obtained.

Vascular integrity and platelet function were

studied with the bleeding time, tourniquet test,
platelet count and clot retraction. Coagulation
screening studies included the venous clotting time
and the Quick (1940) one-stage prothrombin time.
The plasma system of the first stage of coagulation
was investigated by the thromboplastin generation
test. The tissue system and the second- and third-
stage clotting factors were evaluated by assays of
accelerator globulin, specific prothrombin, pro-
convertin and Stuart-Prower factor, and a fibrinogen
titre. Antithrombin and fibrinolytic activity were

determined by the thrombin time and the euglobulin
fibrinolysin test respectively.

These factors are summarized in the simplified
scheme of the clotting mechanism shown in Fig. 1.
The bleeding time was performed by the Ivy

technique using a sphygmomanometer cuff on the
upper arm inflated to 40 Torr. The incision was

made on the forearm with a 2-mm lance. The normal
time by this method was found to be less than
10 minutes (usually less than 7 minutes).
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The tourniquet test was performed by observing
for petechia after the sphygmomanometer cuff had
been inflated to 40 Torr for 5 minutes.

Platelet counts were performed by the direct
counting method of Skirmont, Marks & Jacobson
(1949). The normal range by this method is 275 000
± 100 000 per mms.
Venous samples for plasma, serum, and whole

blood studies were obtained by a three-syringe
technique. Blood in the initial syringe was discarded.
Plasma was collected by drawing 9 ml of blood into
a siliconized syringe containing 1 ml of 3.2%
sodium citrate. This was immediately transferred
to siliconized tubes and spun for 10 minutes at 3000
rev/min in a cold centrifuge. Samples to be used at
a later date were labelled, frozen immediately and
stored at -10°C. Blood for the clotting time and
fibrinogen titre was drawn into a third siliconized
syringe.
The clotting time was performed by placing 1 ml

of whole blood into each of three clean, dry glass
tubes (13 mm x 100 mm). Tubes were incubated
at 37°C throughout the test and tipped approxi-
mately 10°-15° every 30 seconds until clotting
occurred. The result was listed as the average time
for all three tubes. The normal by this method was
found to be less than 10 minutes.
These same tubes were incubated at 37°C, and

the clot retraction was observed at one hour and at
24 hours. Results were classified as good, poor or
absent.
The one-stage prothrombin test was performed

by the method of Quick (1940) by adding 0.1 ml of
thromboplastin (Difco) and of 0.02 M calcium
chloride to 0.1 ml of test plasma in a plain glass tube
(13 mm x 100 mm). Results were recorded in
seconds. The median time of normal plasma was
15 seconds.
The thrombin time was performed by a modifi-

cation of the method of von Kaulla & von Kaulla
(1964). One thousand units of bovine thrombin
(Parke-Davis) were dissolved in 5 ml of 50% glycerol
and stored at - 10°C. For the test 0.5 ml of the
thrombin-glycerol solution was diluted with 1.8 ml
buffered saline (at pH 7.35); 0.15 ml of the diluted
thrombin was added to 0.15 ml of undiluted citrated
plasma and the rate of clotting was timed in a water-
bath at 37°C.
The euglobulin fibrinolysin test was performed by

the method of Copley et al. (1959) by precipitating
euglobulin fibrinolysins and essential clotting factors
with acetic acid. The precipitate was dissolved with

a borate solution and clotted with 0.025 M calcium
chloride. The lysis time of the clot was then de-
termined. The normal was found to be greater than
90 minutes and less than five hours.
The fibrinogen titre was determined by the method

of Bowman & Yelito (1957), using serially diluted
fresh citrated plasma, which was clotted by adding
10 units of bovine thrombin (Parke-Davis). This is
a semi-quantitative method that allows a rough
estimate of the fibrinogen level.
The thromboplastin generation test was performed

by the method of Miale & Wilson (1956), using
aluminium-hydroxide-adsorbed plasma, serum, com-
mercial platelet substitute (Platelin, lyophilized), and
0.025 M calcium chloride with normal plasma as the
substrate. The normal range was between 11 and
13 seconds after 6 minutes of incubation for the
generation mixture.
The accelerator globulin (factor V) assay was

performed by the method of Borchgrevink, Pool &
Stormorken (1960), using an accelerator-globulin-
free plasma prepared by treating normal plasma
with a Russell's viper venom cephalin reagent. The
accelerator globulih activity of the test plasma was
calculated as a percentage of normal activity, using
a dilution curve of normal plasma.
The specific prothrombin determination was

performed by the method of Owren & Aas (1951),
using commercially available prothrombin, pro-
convertin-free beef plasma (Difco), normal human
serum, and thromboplastin (Difco) as reagents. The
specific prothrombin activity of the test plasma was
calculated as the percentage of normal activity.
The proconvertin complex was assayed by the

method of Owren & Aas (1951), using proconvertin-
free ox plasma (prepared by passage through
asbestos-paper filter-pads) and thromboplastin
(Difco). The proconvertin complex activity of the
test serum was again calculated as a percentage of
normal plasma activity.
The Stuart-Prower factor was assayed by the

method of Bachmann, Duckert & Koller (1958),
using Seitz-filtered ox plasma assayed to contain
prothrombin, accelerator globulin and fibrinogen;
Russell's viper venom cephalin reagent supplied the
thromboplastin, platelet and proconvertin activity.
The Stuart-Prower factor activity of the test plasma
was determined as a percentage of normal activity.
Blood specimens for the study were collected over

a period of six months; the plasma was immediately
separated and frozen at -20°C. The thrombo-
plastin generation test, proconvertin, accelerator
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globulin, Stuart-Prower factor and specific pro-

thrombin assays were done on frozen samples for
the majority of patients. The thrombin time and
the Quick one-stage prothrombin test were done on

both fresh and frozen samples to determine the
effect of freezing on these studies. The samples were

stored in the deep-freeze before study for varying
periods up to six months. For 13 patients all the
tests were done on fresh plasma only.

RESULTS

A total of 60 patients were studied, but it was not
possible to complete the entire series of tests on all

of them. Twenty-five had late haemorrhagic small-
pox, while 14 showed the early haemorrhagic form
of the disease; and 21 were smallpox patients who
showed no clinical evidence of haemorrhage
(classified as non-haemorrhagic).

Vascular integrity and platelet function
These results are summarized in Table 1.

Bleeding time. The bleeding time was prolonged
in all 35 haemorrhagic smallpox patients tested,

while only one non-haemorrhagic patient of eight
who were studied showed prolongation.

Tourniquet test. The tourniquet test was positive
in all individuals with early haemorrhagic smallpox
who were studied (13), and in 17 of 25 late haemor-
rhagic patients. None of the eight non-haemorrhagic
patients had a positive tourniquet test.

Clot retraction. The clot retraction was abnormal
in all 36 haemorrhagic smallpox patients studied,
including both those with the early and those with
the late forms of the disease. The clot retraction
was poor in two of nine non-haemorrhagic patients.

Platelet count. All early and late haemorrhagic
smallpox patients showed significant thrombo-
cytopenia while some non-haemorrhagic cases

demonstrated severe to moderate thrombocytopenia.

Coagulation studies

Clotting time. Results are summarized in Table 2.
The clotting time in haemorrhagic smallpox varied.
In patients with the early haemorrhagic disease
9 of 12 were abnormal, while 18 of 25 patients with

TABLE 1

VASCULAR INTEGRITY AND PLATELET FUNCTION

Study Non-haemorrhagic Haemorrhagic smallpox
smallpox Early Late Total

Bleeding time (Ivy): a

0- 4 min 1 0 0 0

5- 9min 6 0 0 0

10-19 min 0 0 2 2

>20 min 1 12 21 33

Tourniquet test:

Negative 8 0 7 7

Positive 0 13 17 30

Clot retraction:

Good 7 0 0 0

Poor 2 6 7 13

Nil 0 5 18 23

Platelet count (range) 20 000 to <20 000 to <20 000 to <20 000 to
303 000 128 000 138 000 138 000

a Normal <10 min.
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TABLE 2
COAGULATION STUDIES

Stu|Nonhaemor |Haemorrhagic
Study rhagic salo

smallpox Early Late Total

Venous clotting time: a

0- 9 min 8 3 7 10

10-19 min 0 6 13 19

>20 min 0 3 5 8

Euglobulin fibrinolysin
test: b

1.5-3 hours 2 2 3 5

4 hours 6 1 6 7

>5 hours 1 8 9 17

a Normal < 10 min.
b Normal < 4 hours.

the late haemorrhagic form had a prolonged clotting
time. All non-haemorrhagic smallpox patients had
a clotting time within the normal range.

One-stage prothrombin (Quick, 1940). The one-
stage prothrombin times are illustrated in Fig. 2
with the results shown in seconds. Significant
prolongation was observed in nearly all 12 early
haemorrhagic smallpox patients. The 24 late haemor-
rhagic patients studied revealed slight prolongation
in a few, but the majority were within normal limits.
Eighteen non-haemorrhagic smallpox patients were
also studied and were all essentially normal. Freezing
the plasma tended to prolong the one-stage pro-
thrombin time slightly.

Specific prothombin activity. Fig. 3 demonstrates
the results in 14 non-haemorrhagic, 20 late haemor-
rhagic and 12 early haemorrhagic smallpox patients.
All early haemorrhagic patients showed significantly
decreased specific prothrombin activity ranging
between 0 and 42%. Slightly over half of the late
haemorrhagic patients demonstrated deficient levels.
Most of the non-haemorrhagic smallpox patients
were within normal limits.

Proconvertin activity. The proconvertin activity
of 57 patients is summarized in Fig. 4. This study
included 19 non-haemorrhagic, 24 late haemorrhagic
and 14 early haemorrhagic smallpox patients. The
range varied greatly in both haemorrhagic and non-
haemorrhagic patients. While some patients showed
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FIG. 4
PROCONVERTIN (RANGES AND MEDIANS)0

a Wide variation in all smallpox cases, but most patients
having more than 45 % activity.

FIG. 6
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normal activity, the levels were moderately reduced
in a significant number of all individuals with
smallpox. Major differences between haemorrhagic
and non-haemorrhagic patients were not demon-
strated for proconvertin activity, although the very
lowest levels were found in the early haemorrhagic
patients.

Stuart-Prowerfactor activity. Stuart-Prower factor
activity of 47 smallpox patients is illustrated in
Fig. 5. This factor was not decreased in the majority
of patients with smallpox. Although a few patients
with the early haemorrhagic disease showed a slight
reduction, the median for this group was 90% of
normal.

Accelerator globulin activity. The accelerator
globulin activity of 53 patients is summarized in
Fig. 6. The majority of smallpox patients had a

significant decrease in accelerator globulin activity.
Although the range for the non-haemorrhagic and
late haemorrhagic patients varied from 0 to 100%,
the median level was between 35% and 40%,
indicating a marked deficiency in both of these
forms of the disease. Patients with early haemor-
rhagic smallpox demonstrated a striking deficiency
of accelerator globulin. Essentially all of these
patients had values below normal and the majority
showed no demonstrable activity (median 0%).

Thromboplastin generation test. These results
illustrated in Fig. 7 are based on 12 non-haemor-
rhagic, 20 late haemorrhagic and 14 early haemor-
rhagic smallpox patients. The test results demon-
strated a striking deficiency in the adsorbed plasma
of early haemorrhagic smallpox cases. This could
be due to a deficiency of either anti-haemophilic
globulin or accelerator globulin. Late haemorrhagic
patients showed a similar, but less marked, defect
in their adsorbed plasma.

Fibrinogen titre. These results are summarized
in Fig. 8. They are based on 49 patients, including
12 non-haemorrhagic, 23 late haemorrhagic and
14 early haemorrhagic. A fibrinogen titre of 1 :20
or greater (indicating more than 100 mg per 100 ml
plasma-Bowman & Yelito, 1957) was present in all

patients studied except for two of those with early
haemorrhagic smallpox. All non-haemorrhagic
patients showed a titre of 1: 50 or greater, which was
within the range of normal for this method and
represented levels ofapproximately 150mgper 100 ml
plasma or greater (Bowman & Yelito, 1957). Al-
though half of the haemorrhagic patients had values

FIG. 8
FIBRINOGEN TITRES (RANGES AND MEDIANS) a

WHO 51220

Smallpox Early haem.
TYPE OF PATIENT

a Slight decrease In a few haemorrhagic patients but within
normal limits (.1: 50) In most patients.

below the lower limits of normal, only the two
patients noted above had fibrinogen titres in the
range which might account for bleeding or produce
false results in the other coagulation factor assays.
The data on these two patients were eliminated from
all other studies for this reason.

Euglobulinfibrinolysin test. The normal euglobulin
fibrinolysin time by this method is greater than
90 minutes and less than 4 hours. The results in the
patients with smallpox are illustrated in Table 2.
The majority of all smallpox patients (with or
without haemorrhage) demonstrated a prolonged
fibrinolysin time. No patient showed increased
fibrinolytic activity (lysis time less than 90 minutes).
Thirty-eight patients were studied, including nine
non-haemorrhagic, 18 late haemorrhagic, and 11
early haemorrhagic.

Thrombin time. Fig. 9 illustrates the results of the
tests for thrombin time, which is an indication of
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FIG. 9
THROMBIN TIMES (RANGES AND MEDIANS) a
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a Prolongation in all early haemorrhagic patients, indicating
increased antithrombin activity.

circulating antithrombin activity. Thrombin times
included in this study were determined only on those
patients with sufficient fibrinogen to allow clotting.
The results demonstrate a marked increase in the
thrombin time in all patients with early haemorrhagic
smallpox and a moderate increase in a few patients
with late haemorrhagic disease. Twelve early and
24 late haemorrhagic patients were included in this
study, along with nine non-haemorrhagic smallpox
patients. Freezing the plasma tended to shorten the
thrombin time slightly, but did not eliminate the
evidence for a markedly increased antithrombin
activity in patients with early haemorrhagic smallpox.

Liver function tests. A few patients with the
early or late haemorrhagic forms of smallpox had
an evaluation of liver function by the levels of
serum L-aspartate: 2-oxoglutarate aminotransferase
(serum glutamic oxaloacetic transaminase, SGOT),
the serum L-alanine: 2-oxoglutarate aminotransferase
(serum glutamic pyruvic transaminase, SGPT) and
the serum alkaline phosphatase (Fig. 10). The
normal controls were those for the laboratory at the
General Hospital in Madras, where the studies were
performed. Essentially all early haemorrhagic

FIG. 10
LIVER FUNCTION TESTS (RANGES AND MEDIANS) a
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WHO 51222

a Abnormalities of all three enzymes studied in almost all
haemorrhagic patients, indicating slight to moderate hepato-
cellular damage.

patients showed a moderate abnormality in all three
tests while over half of the late haemorrhagic patients
were slightly abnormal.

DISCUSSION

The results of the haemostatic investigations and
coagulation factor assays in this study and in the
previous preliminary report (Roberts et al., 1965)
reveal specific abnormalities and clear-cut differences
in the various clinical forms of smallpox.

First, many patients with smallpox, but with no
clinical evidence of haemorrhage demonstrated
moderate to severe thrombocytopenia, but usually
no other significant coagulation defect. In some
cases the bleeding time was prolonged and the clot
retraction abnormal because of the thrombocyto-
penia.

Secondly, patients with the late form of haemor-
rhagic smallpox (in which the haemorrhages appear
after the eruption of the typical vesicular and
pustular lesions) demonstrated primarily a severe
thrombocytopenia. In addition, some of them had
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a mild to moderate decrease in prothrombin, and a
moderate decrease in accelerator globulin. A few
showed slightly increased antithrombin activity.

Thirdly, the cases of early haemorrhagic smallpox
(in which massive bleeding frequently occurs in the
first few days of the disease) were characterized by
multiple defects. These patients also showed
thrombocytopenia, but, in addition, had very
significant and specific coagulation defects. There
was a moderate decrease in specific prothrombin,
and a severe deficiency of accelerator globulin
(factor V). A few patients showed a slight decrease
in proconvertin (factor VII), but many were normal
and essentially all patients had completely normal
Stuart-Prower assays.

Furthermore, all early haemorrhagic cases demon-
strated an elevated thrombin time, indicating
increased circulating antithrombin. This, in addition
to the low specific prothrombin and accelerator
globulin, undoubtedly accounted for the prolonged
Quick (1940) one-stage prothrombin time.
The thromboplastin generation test was also

abnormal in the early haemorrhagic cases, with the
primary defect being in the patient's adsorbed
plasma. This indicates an abnormality in plasma
thromboplastin formation (first stage of clotting in
the plasma system), which suggests antihaemophilic
factor (AHF) deficiency. However, since a normal
thromboplastin generation test is also dependent
upon the accelerator globulin (factor V) in the
adsorbed plasma, the prolonged time in these
patients may have been due to the previously
described defect in this factor.
These results, which reveal almost a total absence

of accelerator globulin in early haemorrhagic small-
pox, raise the question of the effect of storage on
the levels of this labile factor. There is no question
that this factor will decrease slowly when stored in

the frozen state, but it will not diminish to the
extremely low levels found in the early haemorrhagic
patients over a period of six months. In addition,
the same very low assays were found in the 13 patients
on whose fresh plasma this determination was done.
Furthermore, the patients with non-haemorrhagic
smallpox had levels that still assayed as high as
100% of normal after being frozen for periods up
to six months under the same conditions. Thus,
we believe the accelerator globulin deficiency to be
real and not an artefact induced by storage.
The marked deficiency of accelerator globulin in

the presence of fairly normal proconvertin and nor-
mal Stuart-Prower assays is an interesting finding.
It suggests that the variola virus in some way
destroys accelerator globulin or inhibits its pro-
duction. Although evidence of mild to moderate
liver disease was demonstrated in these patients, this
alone cannot explain these findings since prothrom-
bin, accelerator globulin, proconvertin, and Stuart-
Prower factor are usually all depressed simultane-
ously in hepatitis. Disseminated intravascular
coagulation could best explain all these changes.
The results indicate that the only hope of correcting

these coagulation defects will be with the transfusion
of fresh blood, or of freshly frozen or lyophilized
plasma. Accelerator globulin is a labile factor
which is not present in bank blood that has been
stored for any period of time. In addition, it is not
a vitamin-K-dependent factor and the use of this
substance would, therefore, be of little value in
correcting the multiple coagulation abnormalities of
early haemorrhagic smallpox.

Since thrombocytopenia is also present in all
forms of haemorrhagic smallpox, the use of platelet-
rich fresh plasma would be the treatment of choice.

If intravascular coagulation can be proved,
therapy with heparin may be of value.
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RI-SUMIt

Une se&ie d'examens ont e'e pratique's chez 60 vario-
leux hospitalises a Madras (Inde) pour tenter de definir
les alterations sanguines specifiques responsables de la
diathese hemorragique, precoce ou tardive, observee dans
de nombreux cas.

Dans la variole non hemorragique, on ne constate en
general aucune anomalie de la coagulation sanguine.
Dans certains cas, il existe neanmoins une thrombo-
cytopenie plus ou moins intense, le temps de saignement
est prolong6 et la retraction du caillot se fait de facon
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anormale. Les formes hemorragiques pr&oces s'accom-
pagnent d'alt6rations importantes et specifiques de la
fonction: thrombocytopenie; deficit modere en facteur II
(prothrombine); forte diminution du facteur V (facteur
d'Owren); allongement du temps de thrombine, indice
de la presence d'une quantite accrue d'antithrombine.
Chez certains patients, on note un l6ger deficit en facteur
VII (proconvertine). L'activit6 du facteur X (facteur
Stuart-Prower-Delia) est quasiment normale chez tous
les malades. Dans les formes hemorragiques tardives,
on retrouve ces memes alterations, mais moins accusees.
Cependant la thrombocytopenie est constante et impor-

tante et, dans quelques cas, le temps de thrombine est
allonge.

I1 semble que le seul traitement rationnel de ces etats,
destine notamment a pallier le deficit en facteur V, soit
la transfusion de sang frais ou de plasma lyophilise
fraichement prepar6 pour eviter la disparition de ce
facteur par suite du stockage; la vitamine K ne semble
pas devoir etre specialement active dans les formes
hemorragiques precoces. Le traitement de choix de la
variole hemorragique consiste en l'administration de
plasma frais riche en plaquettes.
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