aannac
2 SL2Y

WORLD HEALTH 8 . ORGANISATION MONDIALE
ORGANIZATION iz b DE LA SANTE
K\ J; WHO/Smallpox/19 v’

5 August 1963

ENGLISH ONLY

SMALLPOX

Observatlons on the reliability of
rapid electron microscopic diagnosis»
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As a result of the increased contact of our population with countries outside
Europe and the reduction in travel time brought about by air. transport, smallpox
has fepeatedly been Iimported into Europe in recent years. In Germany during the
post-war‘years there have been an isolated case in Hamburg in 1957 (Andres et al.);
an outbreakﬁaffecting 20 persqﬁs in Heidelberg in 1958/1959 (Bingel & Kruse);
another isolated case in Beriin in 1959 (Dumjahn et al.); and four cases in
Ansbach in 1961 (Herrlich et al.). The disease was introduced on each occasion
by persons showing 6nly a clinical picture of varioloid, a form of smallpox seen

in partly immune subjects.

The‘clinical diagnosis of variolold which in some cilrcumstances can follow a
Qery mild course, is difficult, as is also diagnosis of the initial stage of true
smallpox (variola vera). The clinicians will therefore always call on the
laboratory for assistance aﬁd, because of the serious issues involved, the rapidity

and reliability of diagnosis are of the greatest importance.

This paper describes laboratory experience gained during two other outbreaks
induced in DUsseldorf and Simmerath (Monschau district) at the beginning of 1962,
the disease being introduced from Liberia and India respectively. The work
discussed includes direct electron microscopic detection of the elementary bodies
and the culture of the causative agent on the chorio-allantoic membrane of the

fertilized hen egg.

Ege culture is generally regarded as the most sensitive and therefore most

rellable method of detectlon. By thils means the presence of the virus can be
shown from the initial phase until the late (crust) stage; culture in the

fertilized hen egg permits of differentiation between the variola, vaccinia and
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herpes simplex viruses and gives negative results with varicella and measles.
Furthermore, under certain conditions it makes possible a distinction between
variola maJjor and variola minor (see below). It has proved to be'appreciably better
than the Paul test and the sole, although serious, drawback of the method is that it
requires a relatively long time. . After 48 hours the readings give only provisional

results, reliable findings being possgiblé only after 72 hours.

The most rapid test is the morphological one, although it does not allow
differentiation between varicla and vacecinia viruses, The results of examination
witn the normal light microscope of stained elementary bodies (which>in favourable
cases can be done within 30-60 minutes) are uncertain when, as for example in the
early stage, there are only a few‘particlés, or when cell debris hampers recognition.
In the electron microscope, on the other hand, the typical quadrangular shape of the
elementary bodies is visible; even a few particles suffice for a positive finding

and cell debris 1is recognized as suéh. However, so far experience with this method

has been limited.

After Nagler & Reke, as well as Van Rooyen & Scott had indicated in 1948 the
poszibility of using the electron microscope to diagnose smallpox, I€pine & Croissant
described the electron microscopic appearance of the pathogen on>the occasion of an
outbreak in France in 1952, When the Hambufg case occurred in 1957 (Andres et al.)
we were able for the first time directly to confirm a presumptive clinical diagnosis
within two hours with the aid of the electron microscope, ‘in connexion-ﬁith the
Heidelberg epidemic in 1958-1959, Bingel & Kruse using specimens from 20 smallpox
patients (throat washings and content of pustules) made comparative examinaéions by
usigg tpe'electron microscope and fertilized egg or tissue culture methods.  They
found a good agreement in 16 cases. With some. specimens morphological confirmation

was achieved within a few hours; and with others later on. In the Berlin case too

(1959), the electron microscope was called in to confirm the diagnosis (Dumjahn et al.).
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The aim of the investigations described below was to determine how far the
immediate electron microscopic results agreed with those obtained in the fertilized
egg test-iater on,. particularly when, as in these cases, the specimens could not be
taken.by laboratory personnel directly and when, as was perforce often the case with

varioloid patients, only a small amount of material was available.

Specimens and methods

(a) Specimens

The specimens examined came without exception from the skin and had been taken
by the doctors giving treatment themselves. They were either "excitation sera”
(as far as possible blood-free, taken during the rash stage, which appears for a
short time during the initial phase, or during the maculo-papular stage) or‘the
contents of vesicles or pustules (occasionally tegether with the tops of the vesicles
and with scabs). These were transferred in a thick layer, without any special
spreading out, to a grease-free slide and dried in the air. The use of heat to
speed up drying prevents both morphological and cultural virus detection. When
specimens from different vesicles were dried closely together on the same slide, this
proved to be particularly favourable for subsequent egg inoculation; furthermore,
the marking of the specimen side with a greased pencil or in some similar way was very

useful.

Usually wooden slide holders were" employed for sending in specimens. However,
because of possible contamination with shavings it is preferable to cover the specimen
slide with a second slide, separating the two with blotting-paper or match-sticks
and surrounding them with sticking plaster. As a rule, specimens were brought in
directly by messengers, by the police or by special delivery. Experience showed
that 1t was extremely important to inform thce laboratory at the same time by telephone
(night service!). In most cases the packing was in accordance with the highly-

infectious contents, the packagc being designated on the outside as "highly infectious

matter”.

Thus the requirements for obtaining the specimens are extremely small. Cooling
is not necessary, since the air-dried smallpox virus remains active for a long time

at oréinary tomperatures.
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-Naturally, the laboratory must endeavour to obtain as much material as possible
from several eruptions. This not only inereases the chances of detecting the virus
but also prevents false diagnosis based on matter from non-specific lesions. In
variolold cases, it is advisable %o take specimens from eruptions in different
stages., Even if only little matiter can be obtained in a very early stage of the

disease, this need not be any hindrance to cbtaining a positive result (see below).

(b) Elcctron microscopic method

The "indirect dabbing method"” (Peters & Nascmann) which has already repeatedly
proved successful, was used for the preparation. The air-dried specimen on the
slide was moistened with distilled watér, ground up and, after preparing at least
two different concentrations, transferred by spotting to about eight platinum
carriers with seven holes (Siemens type). The collodion films were first
stabilized by depositing a layer of vaporized carbon on them. After fixation with
one per cent, OSOA (10 hinutes) and washing, the preparation was finally heated for

half an hour at 9OOC in the drying oven so as to prevent any introduétion of active

virus from the isolation laboratory.

All these steps, which are capable of yielding good preparations, took less
than an hour to carry out. Further treatment with concentrated uranyl acetate for
10 minutes was found tc be advantageous but not essential. It produced specific
contrasting cf the internal virus structure, particularly of the DNA-containing
inner body, thus making easily‘recognizable even those elementary bodies which were
embedded in diffuse‘impurities. We finally decided not to use shadow casting,

since this offered no special advantage.

The preparations were examined in the Elmiskop I under a magnification of

.15 000, We often employed two clectron microscopes simultaneously, thus saving

valuable time.

{e)  Virus culture

We used as culture medium 11-12 day fertilized hen eggs (in exceptional cases
1C and 13 day eggs). (Since-thé'Hamburg case in 1957; we have made sure that eggs

in this stage are always available for diagnostic purposes.) After preparing the
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.specimen -for the .electron microscepe, -we took up-the matter remaining on the glass
slides in 0.3-1.0 ml of Earle's solution (according to the amount invelved) -to which
five per cent. horse serum and antibiotics had been added, and used this suspension
in at least two dilutions (1:10 and 1:100) to inoculate the lowered chorio-allantoic
membranes (0.1 ml in each case). At least two and usually more eggs were employed
for each dilution stage. The first half were read after two days and the second
after three days. In positive cases we regularly found typical lesions at least in
one dilution stage, already after two days. Only in two of the 22 cases found
pesitive on the third day had the result still been read as negative on the second

day.

Incubation was always carried out at 36OC. Using a method based on one
recently described by -Nizamuddin & Dumbell, we also tested both epidemic strains
after the first isolation for multiplication at 38.300, so as to distinguish between

variola major and variola minor.
Results

On the occasion of the two outbréaks in Disseldorf and Simmerath we examined
85 specimens in the manner described between January and April 1962. Only the
specimens from 235 cases finally diagnosed by the physicians as varioia or varioloid
call for special attention; Table 1 shows the corresponding results in so far as

they are of diagnostic significance. Check teéts were not included.

It may be stated straight away that both epidemic strains were variola major
ones. Both multiplicd at 38.300 whereas according tc Nizamuddin & Dumbell this is
not the case with variola minor strains. (We were able to confirm this using a

variola minor strain known to us.)

The data in Table 1 have been arranged, neglecting the actual order of the
investigations, so as clearly to show the relationship between the day of the disease,
the day of the exanthema and the results obtained. Since in our investigations only
matter from‘the skin was used, the beginning of the eruptive phase (exanthema day) has
been placed in the forefront. For comparative purposes, serological results
obtained by other workers have been included, provided they refer to the same

period of the disease.
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The fact that there was excellent agreement between the electron microscope and

egz-culture results can be regarded as the most importént finding. In all 21 cases

in which the culture gave deflnltely p051t1ve results, quadrangular v1ruses had
already been detected morpholcgically at least two days previously. In two cases ;
the culture results werc negative or doubtful after a few typical elementary bodies
had been recognized with the electron microsccpe (Nos. 5 and 11). However, fresh
specimens from the same patients, taken two and four days later, respectively, proved -

to be positive with both methods, as had been expected (Nos. 19 and 23).

In the case of three patients (Nos. 20, 24 and 26) both tests were negative, - (
in part even when repeated with new specimecns (Ne. 27). In view of the agreement ‘
of the negative findings, however, it is probable that the specimens were unsuitable
or non-specific rather than that thé methods of detection failed. Thus, specimens
Nos. 26 and 27 came from a chronic eczema patient and, in addition, were obtained

at a very late stage of the dlsease.

It should be stressed that precisely in the important early stages of skin

lesions, positive results were regularly obtained, in a stage of the discase where,

as shown by Table 1, antibody cannot1yet be definitely detected by the haemagglu-
tination test. - A significant increase in antibody titre is generally held to occur
as from the seventh day of the disease, at the earliest. . An exceptlon to this

was seen in only one casc (see Nos. 8 and 21) where the disease was primary
haemorrhagic smallpox with a fatal conclusion. The relatively high fitre, at

first 1}128 and then 1:320 is, however, in contradiction to the findings of other

authors in. similar cases of primary haemorrhagic smallpox (see Herrlich et al.).

As already mentioned under Spocimens and Methods, less then one hour is
necessary to prepare the specimens for the electron microscopic preparation, including
inactivation. Quite coften, virus was then detected already in the first minute of
observation. Naturally, a longer period of examination was required. with negative
specimens. Nevertheless, we repeatediy found that a result definitely negative

after examination for twec hours still remained negative on further observation.
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Difficulties in Jjudging the electron microscopic preparations occurred only

when specimens consisting. of the purulent contents of pustules were received, as
well as in the case of matter from acne and pyodermia cases. Cellular fragments

of leukocytes which oceasionally were of about the same order of size and showed
about %he same contrast as the elemenfary bodies, might be taken for virus particles
on superficial examination; usually, however, their polymorphlism served to distinguish
them and, as a rule, they could be recognized as non-specific material when the
ﬁhotographic plate wés examined and the internal structure considered, 1f not sooner.
In difficult cases where doubt still persists, breakdown treatment with pepsin or
trypsin can assist in differcntiation, sinece this reveals characteristic internal
structures within the surrounding membrane (Peters). These difficulties did not
give rise to any false identifications in our case. Thorough experience in the
recégnition of quadrangulaf viruses 1is, of course, necesssary in dealing with such

specimens.

Other suspect matier which we found to be negative, came - according to

information supplied later on by the doctors concerned -~ from generalized vaccinia
(one case), mollusrum contagiosum (one case), varicella (15), acne (five), pvodermia
(five), cxanthema caused by drugs (two), as well as onc case each of gencralized
herpes simplex, septicaemia, dermatostomatitis, erythema exudatum, Seidlmeyer's
pufpura, Besnier's prurigo and Stevens-Johnson syndrome. In eight cases the
diagnosis remained unknown to us. Repeatedly specimens from the same patient which

had been fcund negative werce examined, at intervals, twice or even three times.

In the generalized vaccinia case examined, which was observed in close relation

to the Disseldorf outbreak, skin specimens from the third exanthema day (fourth to
fifth day of the disease) showed no guadrangular viruses under the elccitron micro-
scope for reasons which have not yet been explained. Nevertheless, foci were seen
on reading the egg culture test. On morphological reasons they could at first not
be attributed without reservations to vaccinia virus alone, The lesions further
exhibited considerable signs of haemorrhages. The following passages showed the
same picture. The situation only became clarified when we carried out comparative

tests with the Bern vaceinal strain used in this case, for the said strain behaved
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in practically the same way. This experience«showswthat~it-wouid‘be“adﬁiséble in
future cutbreaks tc supply the laboratory making the iﬁvestiéatibns with a sample

of the vaccine used at the beginning of the outbreak for any necessary comparisons.

Because of its different clinical course, suspicion of smallpox will only

rarely arise in relation to mclluscum contagiosum. Under the electron microscope

we found in the case mentioned above, as on many earlier occasiocns (Peters &
Stoeckenius), a large number 6f quadrangular elementary bodies. »Outstanding purity
of the preparations is regularly observed accompanied by the presence of virus.
particles on a large scale. It is true that this is no adequate criterion for
distinction from variola and vaccinia viruses‘but nevertheless, it is a valuable
indication. | In any event, the fact that it cannot be cultured makes it possible to

distinguish the molluscum contagiosum virus from the smallpox virus quite easily

and reliably.

The large number of varicella specimens sent in is indicative of the
difficulties repeatedly facing ‘the phy5101an durlng epidemics, when he must
distinguish this clinical plcture from that of varicloid. The diameter of the
elementary bedies of varicella is about 180 mp and they are thus smaller than the
smallpox virus, in addition to differing from the latter in their shape, which is
spherical, Like carlier workers {Nagler & Rake, Lépine & Croissant, Bingel & Kruse)
we did not find the elementary bédies in all épecimens, but only in eight out-of 15
and even then in a relativelyrlow concentration. Varicla virus could be excluded
in such suspect cases on the basis of electron microscope examination alone, while

the fact that varicella virus cannot be cultured in the hen egy supplled a fﬂnal

confirmation.

DISCUSSION

The investigétions described above, covering 23 smallpox cases show that the
electron microscope test for the causative agent is just as reliable as the cﬁlfure
in the fertilized hen egg, regarded as the most sensitive test for variola virus.
Against the disadvantage that the variola virus cannot be distinguished from the

vaccinia virus under the electron microscope, must be set the compensating
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advantage that the result is very rapldly obtalned When the laboratory has been

informed in good tlme, a p051t1ve result can be available wlthln one hour;. on the

otﬁér hand, the egs culture test requires two to three days. In considering what

quarantine measures tc take, however, every hour counts.

* Thére ¢an be no doubt that the electron microscopé is superior to the light
microscope for the recognition of the typical form of the elementary bodies. The
highér“cost'is justified by the possibilitj of recognizing the virus when only a
feW‘eiementary bodies are present or when recognition is hampered by’thé‘presence of
cellular debris. So as not to waste the usually scanty specimens, we normally did
not make use of ordinéry light microécopy. ‘

The fact that the results with specimens taken during the vesicular stage were
'positivé is in good agreement with what has long been known in light microscopy.
The 1mportant point is, however, that detection was invariably successful in the

cases examlned in the earTy stages also, namely already in the pre- eruptlve stage

(one day after the rash), on the first day of exanthema or the fourth day of the

dlsease. If spe01mens taken even earlier had been sent in, then it might have boen

p0531b1e to reach a p051t1ve result even sooner.

Bingel & Kruse based their investigations to é large extent on throat washings
and reported that in four favourable cases, they had been able to detect the virus
by culture already in the pre~eruptive phase. Downie et al. later observed in a
- large number of smallpox cases in Madras, that the pathogen could be shown by egs .
culture to be present in throat washings only from the third day of the disgase
onwards. The perqentage of positive results ingreased from 50 per cent. on the
third day, however, ﬁo not more than 65 per cent. on the sixth tc ninth days. Thus,
~in the light of present knowledge, throat washings do not present any definite
diagnostic advantage over material from the skin. In addition, the method is little
sulted to the dispatch of spe01mens, since in a ligquid medium the virus is

relatlvely instable as compared with the dry states -
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On these grounds, and bearlng in mind the need to make the method simple, we
gave preference to examlnatlon of alr—drled serum as well as the contents of
vesicles and pustules, where the virus is very stable. In the cases described,
the specimens were taken by the doctors in attendance, using methods they had
chosen themselves. Clearly, no highly refined technigue is necessary for this.

As a rule in positive cases it was only necesséry to send specimens once. However,
in all test methods the success and possibility of obtaining readable re;ults is
-dependent on the quantity and quality of the specimen examined. Therefore‘it is
essential to comply with the regulations for dispatch (see Specimené and Methods)
and, in particular, to send adequate material (as far as possible the contents of
six pustules). Whenever circumstances permit, thé laboratory should be questioned
in advance by telephone, regarding the most suitable way of taking and sehding'in
the specimens. Inadequate quality or quantity of the specimens sent in was probably
respon31ble for the fact that three patients (Nos. 20, 24 and 26/27 in Table 1)
whose 1llness had been dlagnosed as smallpox on the basis of clinical and epidemlo;
loglcalha;ta (in one case also virological findings from Munlch), gave negative
results both in the electron microscopic examination and in the egg culture test.

In one of these cases (No. 26/27) it is true, the circumstances were particularly
compliéated, since the patient was a sufferer from eczema and the specimens were

taken in a very late stage of the disease.

The electron microscope results were immediately cofimunicated by telephone in
all cases. In conjunction with a critical evaluation of the clinical findings they
enabled the medical authorities and the cliniec to "take the appropriate measures‘and
institute proper treatment without any appreciable loss of time. The egg'cultufé
results read two or three days later represented a further control and a

confirmation of the morphological findings; in addition, they indicated the type of

virus.

The serclogical methods for detection of virus antigen, namely the complement-

fixation test and the agar-gel precipitation test recently developed by Dumbell

& Nizamuddin have the same disadvantage as the electron microscopic method, i.e.
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they cannot distinguish between variola and vaccinia virus. Under favourable
ponditions they require four to six hours; experience has shown that a relatively
large specimen 1is necessary. They should only be used as an adjunct to electron

microscopy and egg culture when adequate material is available.

The serological detection of complement-fixing antibody succeeds as a rule only

in relatively late stages of the disease, since such antibodies normally appear only

from the seventh day of the discase ohwards_> It is true that haemagglutination

inhibiting antibody appears-somewhat earlier but there are considerable differences

of opinions regarding the diagnostic. value of this titre, unless it is extremely

high, especially in regard to its significance in epidemics, when a distinction must
be made between genuine consequences 6f tﬂé aiéeése and vaccinal reactions.  On the
other hand, detection of antibody is of'great‘imbOrtance in the retrospective

diagnosis of varioloid patients, who at. first go undetected because of the abortive
clinical course of the illness. Bothroutbreaks resulted from the introduction of

the disease by such cases;> on bofﬁ'oécasions the antibody detection tests carried

out with these persons after the occﬁrfence‘&f fhe first contact cases were unddubtedly
of great diagnostic importance, At this late stage (19th-25th day of the disease)

electron microscopic examination would probably have been unsuccessful.

During the last European smallpox epidemic it was founé that the course of the
disease in vaccinated subjects frequently deviated from that generally expected
(different incubation periods, difference in the quality and quantity of the
exanthema, etc.). As a result, clinical diagnosis can seldom be sufficiently
definite and rapid. Bearing in mind the importance of tracking down suspect cases
immediately and also the equal importance of rapid diagnosis of late cases, further
comparative tests in the very early and in the late stages of the disease - both in
variola vera and varioloid - would be very desirable. The investigations were
carried out with the support of the Deutsche Forschungsgemeinschaft. The exemplary
technical assistance of Miss U, Lehmann, Miss C. Sievers and Mr H. Giese was of great
help. For important information supplied by them we should like tc thank in
particular Drs Schwonzen, Knab and Linzenich (Simmerath); Professor Stiittgen and

Dr Richter (Diisseldorf); Professor Herrlich (Munich); Professor Mohr, Dr Ehrengut
and Dr Bonitz (Hamburg).
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SUMMARY

In 23 smallpocx cases occurring during the outbreaks in Disseldorf and Simmerath,
specimenis from the skin were examined and excellent agreement obtained between the
results of electron microscope examination for the pathogen and culture of the virus
in the fertilized hen egg. Because cof its rapidity (results one to two hours after
receiving specimens) electron microscopic diagnosis has proved valuable in dealing
with suspected cases. Both methods regularly gave good results, even in the early
stages of the disease, c.g. already in the pre-eruptive stage, on the first day of
exanthema or the fourth day of the disease. The advantages and disadvantages as

compared with serological methods are briefly discussed.
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