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Since 1967 when the global programme of sm_Sllpox eradication b�an, the 
J � s9'e � J;e,<:fw.e,_ �< u-l ..J-o Vic f7<d a.v-- ,J,.,L.� 

world-wide incidence has declinE}R • 'v,.<.y-•� 

� � �lek rC"JWl'-t.,...1'¥' �;..-�c:W1lt-h-M .S-oM>C""-<1:S. ,o,:,v.,,/.�) /,;,,.,l-1U'-" i� � l.wt>Jflr"v�/;,ritt'id 
yeat�o_tal"ev-er.L :i:eoorded (� e number of countries experiencing 

Tit +-6 � n:._ %-ff•·� w:Ji ft td;J,,y{f-Jh � CtticS, • smarlpox has also decreased - from 43 in 1967 to 10 in 1970. Despite considerable 

increases� air travel, outbreaks in �•�eRelemic countries have been less 

frequent (fig. e�. However, even a single imported case of smallpox can be 

cause for considerable concern'4 ;� �'f� -/t � ,,i;. t_�� 

On 31 December 1969, a 20-year-old German electrician flew to Dusseldorf 

from Karachi, West Pakistan, and then proceeded by train to his home in Meschede. 

He had never been successfully vaccinated. 

On 10 January, he developed fever and on the following day was hospitalized 

in Meschede in an infectiou� disease isolation ward in a large general hospital. 

He was confined to a private room. Isolation precautions were observed from 

admission since typhoid fever was initially suspected, and he was known to be 

convalescing from hepatitis. 

MIQW J.l te 111 Ja:euary, the patient felt well but remained str-i-etey 0ont:ini.Q.-

to his �Pivate room. Toilet facilities were provided by an individual bedpan 

returned to his room after use. 

sisters but no -0ther patients. 

He had direct contact with only two nursing 

On 14 January, a rash was first noted and on 16 January, the diagnosis of 

smallpox was confirmed. Using special precautions, the patient was transferred 

to a recently constructed smallpox isolation hospital in nearby Wimbern. At 

the time of transfer on 16 January, he had extensive cutaneous and oral lesions 

and was coughing frequently .@'-1PE.- 1) 

For several days prior to the patient's admission, the entire hospital 

had been closed to visitors because of an outbreak of influenza in the community. 

After the diagnosis �f e�allpox was confirmed, the building wAick housea the 

ii.�sla.t-i,en �fa.Pe remained closed for several additional weeks. -All per sofffl:e.l 
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lm:Pwn to l::l,wQ l::Ja,;;! direct coo± aot wi±b tbe pa± i0nt �,ere immun:i:szed • e.ftd ii!ole."te4-. 

All remaining staff and .a-H- patients in the isolation unit as well as those 

on the upper floors of the building were� immunized and confined within 

the hospital building. Because of the advanced age and/or serious illnesses of 

many of the patients, it was decided to immunize many with an inactivated 

smallpox vaccine and/or vaccinia immune globulin (VIG). Some patients received 

live smallpox vaccine immediately while others received live vaccine a few days 
('(?� after �Lnactivated vaccine or VIG, 

Transmission presumably occurred from 13 January, when the patient first 

developed his rash, until 16 January when he was removed to the Wimbern Hospital.@ 

�t the indeJE gaee ?fas infeet:ioP� as early as 13 ,Jarnrnr¥ is ooEfinned by a siu:g113 

shot t"""!nterval of indirect i:!Xposu.:e sf ease }fo. 8 on that one rlay only (tal3*e 1). 
't-!.t�-r 

Seventeen persons experienced onsets of illness within � incubation period .. 

-following the index patient Is period of r esidene@ wirthin the hospit_al� (figure-3�. 
t-,.,,_a.½ I Fourteen were patients; two were nurses and one was a visitor. Tl4e last two 

cases occurred as a result of secondary spread within the hospital. Each was 

a patient who shared a room with an earlier case. FOtJ-r j tf..t � f<If4(J('l,!. ?<fff� �.fuJ.. 

�t patients ane all but fout· had been veecinB:ted sttcce.!;5fully in t.Re 

past, }foNever, most ha.a not been revaccioated for 25 y:ears or more. 

The floor plan of the hospital building in whic�heA��occurred as 

well as the location of all cases is shown in 1-;g�� � • � I�iou of individual 

�oeo is iaaiea:ted by mur:bePs whi eh oorF�esc ef' Labre 1, m't'et·e the-

.ataer charaeteris ti cs of these patients have been llsteCI". 

The buildii� constructed in 1932. Heating is provided by steam radiators 
... 1N'M�.;. 

located beneath the windows in each room, and ventilation,/01 rooms and 

eoFFiaers"by opening the windows or doors. 

The building is divided into four units. ""rhe.ee .:u:e N_R. l., the isolation 

unit on the ground floor; � R.3., the entire first floor; � R.5. , the eastern 

half of the second floor which is used as a cloister for ailing nuns requiring 

hospital care; and � R.6., the remaining half of the second floor. 
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Food is prepared in the main hospital kitchen and supplied separately 

to each of the three floors. Individual dishes and eating utensils are kept 

on each of the ,l,19.ree floors and are separate for each of the five unit kitchens. 

Linen is marked with identifying symbols for each floor and unit, and the 

linen from each of the four units is diei.nfee'be8 e:ud washed separately in the 

hospital laundry. 

A small service elevator connects-three of e ward kitchens. This 
�,�, 

is used infrequently to transfer B-1"�.j.-,�-!'l"'tffi-ii'½,,n--+t�rn- between R.l and R.3. and is 

said not to have been used for the R.5 kitchen. 

<,M,2£,�d'W closeJtightly on each floor. 

The doors to this elevator were 

The appearance of 17 cases of smallpox on three floors of the hospital 

during the second generation of disease was quite unexpected. Three possible 

,_, mechanisms of transmission were considered; (1) direct personal contact, 

(2) contamination of fomites with resultant indirect spread of infection, 

and (3) airborne spread. 
�on>f.,_ e

r
• �..; .. t::,,,.;J ,,. e t e ;4:,bbK •.fW �-,;-d.,._fwJM.i.A fl (�fJ�-, i:/JI� p� � ful-,..,._ � n:-b � ...,l_,-14, 

The index ease bad no eiPeet face te fage eF personal eeritaet with any g:f • 

�subs�quent eases. �t;;iews with members of the hospital staff and =ny of 

the other patients all confirmed the statement of the index patient that he did 

not leave his room at any time following admission until his transfer on 

16 Janu�ry. At the time of transfer, he was encased in a protective plastic 

garment which was designed to prevent airborne as well as contact spread of 

infection. The doors to all other �atients' rooms were closed and he was 

carried on a stretcher along the corridor of the isolation unit to a waiting 

ambulance. 

Transmission by contamination of fomites, while difficult to exclude with 

absolute certainty, seemed most unlikely. None of the supplies, dishes or 

linen from R. 1 was mixed with those of tre upper floors. Also, linen from each 

room in the isolation unit was routinely placed in separate bags and disinfected 

prior to washing. 

Nurses assigned to the isolation ward did not work on the other floors 

with the exception of a single night nurse who was responsible for patients 
. .}rt 

throughout the building wai-tb �ne- except� 9£. ;t� patients in the cloister, R.5. 

This night nurse had at most very limited 

required minimal., if ar,:� care at nigtrt. 

contact with the patient as he 

r:t,,&1'1io fi;J,
7 
t�rJ:i,:,,k 11: j,{. h. f ,£;.;.. 
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An elderly priest who normally visited all patients, customarily served the 

building beginning with the second floor. By 80 doir�15, he wa:5 able te I ide ap 

i-fr the Qli;rnator in the me.in hospital buU.aing, eross to the isolation unit­

�uilcling and then walk do,mstairo ,r;i,oiting the -pa:tie11t8 on the :rneond, fir3't--

m.d grouacl floors in that GPcler. 

of the last he visited. 

The room of the index patient was ime 

The most reasonable explanation for the spread of smallpox appear�to be 

the airborne route. In addition to the fact that no alternative mechanisms 

of transmission could be elicited, two incidents as well as the distribution of 

cases within the hospital support this hypothesis. The first incident relates 

to the circumstances of the exposure of patient No. 8. This patient visited 

the hospital only once on the evening of 13 January and remained in the buildirg 

for 15 minutes. After entering the hospital by the front door, he located a 

physician and spoke briefly with him at the site designated 118". As the 

hospital was closed to visitors, he was not permitted to enter the patient 

care areas. He developed typical smallpox 11 days after. 

The second incident relates to the circumstances of exposure of case 15 

who was confined to the cloister on the third floor. This patient, one of the 

nursing sisters, had been hospitalized for many months with severe arthritis 

and did not leave her room for any purpose. No hospital personnel other than 

the nuns, the priest, and a physician caring for the nuns were permitted to 

enter this area. She developed smallpox on 31 January. 

Finally, patient attack rates by floor within the hospital were essentially 

identical. Such uniform rates would seem most unlikely if transfer of 

infection had occurred by direct contact or through fomites or indirectly by 

hospital personnel. 
f;� 
.�atterns of air flow within the building were examined. On the Elay seleetcd 

fe.r t.est, 111ete01 ol-oglcal couctltions Were believed to be co111pa1 able to th-use or 

,.,ffl"id -Janaarsy. A smoke generating device was released in the room which had 

housed the index patient. The patterns of the air currents were approximately 
<fT_� 

as shown in the s�e 1 Wll'ti au$ of f I a 1 e g, Within the building, dense smoke 

entered the corridor and those room-?..adjacent to that of the index patient. 

The smoke then passed down the corridor, through a door normally kept ajar by 

means of a special device and then into the entrance hall. The visitor who 

contracted smallpox had waited in this entrance hall. After passing through 
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this entrance area, the smoke proceeded directly to the central stairwell which 

served effectively as a chimney. This open stairwell conducted the dense cloud 

of smoke to the first and second floor levels where it drifted into the 

corridors and adjacent rooms. 

The smoke from the index·: patient's room also passed out from the partially 

opened window as a thin layer and proceeded directly up the exterior surface 

of the building. Upon opening windows in the rooms above that ho:usiEcg-tne :i::nde:x 

�tie a� smoke •��ntered these reoms. This patternj of smoke flow into 

the upper windows appeared to be caused by convection currents generated by the 

radiators located below these windows. It is interesting to note that the 

pattern of air flow coincided remarkabl� with the distribution of cases within 

the hospital. 

Extensive studies in both endemic and non-endemic countries have indicated 

the need for close aAG oftea pPoloAgoe personal contact if transmission of 

infection is to occur. Only infrequently have cases been reported in which 

the individual has not had direct or "face-to-face" contact with an earlier 

case. Whether or oot in these isolated instances airborne transmission over 

considerable distances may have occurred has always been uncertain. 

One previous and little known episode, however, is of interest. In an 

outbreak in Kreis Monschau, Germany, in 1961, a second generation case was the 

source of infection for 19 __ additional cases, only 9 of whom had face-to-face 
J:.- \t,.;. .,.JJ..,-� I \ 

contact with the patient. A�iehl, a 9 year old girl, was admitted to the 

hospital with severe confluent disease, an ulcerative pharyngitis and a continual 

barking cough. Although the ward to which she was admitted had been cleared of 

�tQQP patients, a number g.f ��tiento remained in a neighbouring ward at the end 

of a common corridor until the following day; .whm=t thsy wePe tFansfsrred OP-

In due course, ten persons developed smallpox: seven patients;../4.t-1� 

of the staff of the adjoining ward and the carpenter who had worked 

to erect a wooden partition in the corridor. None of these persons had direct 

face-to-face contact with the source case. Infection appeared to have spread 

by air over a considerable distance along the common corridor through which air 

currents flowed from the isolation unit to the neighbouring ward. 
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The Meschede outbreak very likely resulted from an unusual combination of 

at least three important factors. It is noted that the patient bad a densely 

confluent rash with severe bronchitis and coµgh. As described by Rao and his 

colleagues, patients with more serious disease are much more effective trans-

mitters of infection than those with a mild or modified illness. This is 

attributed to the fact that such patients are likely to have a greater number of 

lesions on the mucus membranes and thus shed larger quantities of virus into the 

saliva and subsequently into the air. Virus dissemination was undoubtedly 

accentuated by coughing. The virus particles expelled during coughing undoubtedly 

survived in the.air for unusually long periods of time as the relative humidity 

in the hospital was very low. Experimental studies (HaPf.')er, 19611 have shown 

that vaccinia virus will survive.for��periods when the relative humidity is 

low. Finally, the hospital itself was of a design which inadvertently appeared 

te-favou�the production of Pelfrti�e1, strong air currents when the building was 

heated .s�ping periods of low ew·irenmel'rl:al telf!r,cre.t1:1re. This factor favoured 

dissemination of virus particles throughout the building while the low relative 

humidity favoured virus survival. 

In the Kreis Monschau outbreak similar features were noted, specifically, a 

source case with extensive rash and cough, transmission dur.hg a period of low 

relative humidity and a hospital structure :favouriag the GQGPrr9nee ef air euweots 

which permitted rapid transfer of variola virus from one area to another. 

Should outbreaks of smallpox occur in Europe in the future, the possibility 

of similar occurrences should be kept in mind and a.ppr opriabe conLr·ol measut es 

4iaken. 

Acknowledgement 

The authors are grateful to Prof. Dr med. H. Ippen for extensive clinical 

data concerning the patients, and to Prof. Dr Ing. F. Roedler for the design 

and conduct of the smoke studies. 



) ) ) ) ) 

FIG. I l'ORlDWIOE SIIALLPOX IHCIOEHCE. 1967- 19711 

20000 

18000 

16000 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

JFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJF MAMJJASOND 

1967 1968 1969 1970 

The gre, area ,eprese,n the,_ belw!fn thehii:t,esl ml- iiw:ileocerepllleddll"in11U1e li,e-year p,nod 1962-1966 



10 

8 

(/) 
C: 
0 

-u 
::, 6 -0 
e 
-

C: 

X 
0 
C. 

<'O 
E 

V) 

4 -

0 

0 
z: 

,,.----..,. 

� 

Fig. 2 Introductions of Smallpox into Europe, 1961-1970. 

61 · 62 63 64 65 

■ 

□ 

66 

Introduction of smallpox 
with further transmission 

Introduction of smallpox-
no further transmission 

67 68 69 70 
WHO 008110 



) ' ) ) ) ) 

Table 1 

CASES OF SMALLPOX, MESCHEDE, GERMANY, BY AGE, SEX, ONSfil' D,'\TE JI.ND IMMt.,�IZ,\"i'ION S'I·ATUS 

Onset Past vaccination Recent vaccination 
I Case1 Age Sex l Fever T-Fiash- Outcome 1 Vacc, Scar ! Most recent Killed I �Gl [ Liv·.� Comment No. i I 

i 
i Vacc. (Year) vacc, ! Vacc, 

l 

' 
! 20 M : 10/1 14/1 No 1969 lndex patient 

2 5 : F -23/1 25/1 No 16/1 16/1 Patient - Rl 
3 1.7 F 22/1 25/1 Death No 16/1 25/1 17/1 Nurse - R6 
4 21 F 25/1 28/1 No 16/1 25/1 22/1 Nurse - R3 
5 57 M 22/1 26/1 Yes 1968 22/1 19/l Patient - R6 
6 50 F 25/1 29/1 Yes 1932 19/1 19/1 19/1 P•.tient - Rl 
7 56 M 26/1 29/1 Yes 194-2 17/1 18/1 Patient - R3 
8 . 42 M 24/1 26/1 Yes 1946 

. 
Visitor 

9 79 M • 27/1 29/1 Death Yes 1903 (?) 16/1 18/1 Patient - R3 
10 89 M 28/1 30/1 Yes 21/1 21/1 P;;,.tient - R6 
11 • 90 M 28/1 30/1 Yes 1892 (?) 16/1 18/1 Patient - R3 
12- 59 M 28/1 31/1 Yes 1930 17/1 22/l Pc, tient - n6 
13 : 73 :M : 31/1 1/2 Yes �oe,9 17/1 18/1 30/1 Patient - R6 
14 '59 F 29/1 2/2 Yes 1930 17/11 Nurse - R6 
15 65 F ! 31/1 2/2 Yes 1917 17/1 30/1 Patient-RS 
16 . 69 F j 31/1 2/2 Yes 1902 16/1 18/1 Patient - Rl 
17 • 60 · M  I 31/1 4/2 Death Yes 1917 17/1 30/1 Patient - R3 
18 : 21 M i 22/1 None Yes 1961 17/1 Pa·�ient - R3 

I i 
19 ; 74 M : 13/2 15/2 Yes 1907 (?) 17/1, 18/1 Patient contact - case 17 

I 

29/1 ! 
20 r a1 F I 16/2 I 17/2 Death Yes 1901 (?) 17/1 17/1 Patient contact - case 15 ' 

i 

j___ 

1vaccin::.a immune globulin 
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FIG. 3 DATE OF ONSET OF SMALLPOX CASES - MESCHEDE HOSPITAL, 1970 
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