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Disclaimer: These GRADE tables are based on the systematic literature research on 
smallpox vaccines that was conducted to inform the 2013 WHO smallpox consultation. 
The tables were developed by the WHO SAGE secretariat and have not been endorsed 
by the members of the smallpox consultation. 



 

Smallpox vaccines used during the eradication  

 

Table 1: Clinical protection of vaccines used during the eradication 
Population   :   Immunocompetent individuals 

Intervention:  Vaccine developed before eradication produced with NYCBH or Lister strain (propagated and 

harvested primarily from skin of live animals, 10
8 

pock/ml, administrated with bifurcated needles) 

Comparison:  No vaccination 

Outcome     :  Cases of vaccinia 

PICO Question: What is the scientific evidence of the clinical protection against smallpox disease of any 

dose of vaccine used during or after eradication in immunocompetent individuals produced with NYCBH 

or Lister strain compared to no vaccination?   

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 7 observational
1
 2 

Factors 
decreasing  
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 

Indirectness None serious
2
 0 

Imprecision None serious 0 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Applicable
3
 +2 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 4 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 

We are very confident that the 
true effect lies close to that of 
the estimate of effect on health 
outcome 

Conclusion 

No randomized controlled trials 
have been used to assess 
efficacy, yet large 
observational studies and 
global eradication of smallpox 
in 1980 indicate that the 
vaccine is highly effective.  

 

                                                 
1
 Smallpox vaccines used during eradication produced with NYCBH or Lister strain were evaluated for clinical 

protection in the pre- and post-eradication phase. Secondary attack rate among household contacts suggests 

vaccine effectiveness to be 90.7-97.1% (Fenner et al. 1988).  Major cutaneous reaction (vaccine take) was 61% in 

previously vaccinated (Orr et al. 2004), 95.6% (Bossi et al. 2008), 97.2% (Frey et al.2002), 99% (Auckland et al. 

2005), 100% (Hsieh et al. 2006, Kim et al. 2005) respectively.  It was shown that pre-existing antibodies against 

vaccinia inversely correlated with the rates of clinical take.  
2
 Vaccine-related major cutaneous reaction was recognized as clinical correlate of protection, hence no 

downgrading for indirectness. 
3
 Strong evidence of high vaccine effectiveness. 
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Smallpox vaccines used during the eradication 

 

Table 2: Safety of first generation of smallpox vaccines used during the eradication 
Population   :   Immunocompetent individuals 

Intervention:  Vaccine developed before eradication produced with NYCBH or Lister strain (propagated and 

harvested primarily from skin of live animals, 10
8 

pock/ml, administrated with bifurcated needles) 

Comparison:  No vaccination 

Outcome     :  Cases of vaccinia 

PICO Question: In immunocompetent individuals, what is the incidence of serious adverse events for any 

dose of vaccine used during eradication produced with NYCBH or Lister strain compared to no 

vaccination? 

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 10 observational
4
 2 

Factors 
decreasing  
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 

Indirectness None serious 0 

Imprecision None serious 0 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Not applicable 0 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Applicable
5
 +1 

Final numerical rating of quality of evidence 3 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 

We are moderately confident in the estimate of 
effect on health outcome. The true 
effect is likely to be close to the estimate of the 
effect 

Conclusion 

Reports of serious adverse events following the 
use of first generation smallpox vaccines were 
assessed during the pre-and post-eradication 
era. Risk of serious adverse events such as 
postvaccinal encephalitis, myopericarditis and 
death were dependent on strain ,age range and 

                                                 
4
 Smallpox vaccines used during eradication produced with NYCBH or Lister strain were evaluated for safety in the 

pre- and post-eradication phase. Serious adverse events reported were generalized vaccinia, eczema vaccinatum, 

progressive vaccinia, postvaccinal encephalitis and death.  Fenner et al. 1988,  Aragon et al. 2003 and Kretzschmar 

et al. 2006 found in the pre-eradication era, risk was dependent on strain and age of vaccinee. The highest risk of 

postvaccinal encephalitis and death rate was reported after the use of vaccine made from the Bern strain (44.9 and 

55 per 1.000.000 vaccines) (Kretzschmar et al. 2006).  Revaccinees had a significantly lower risk of severe adverse 

events. Orr et al.2004, Haim et al.2000, Hsieh et al.2006, Kim et al. 2005, Auckland et al. 2005 and Bossi et al. 2008, 

evaluated the safety of the vaccine in the post-eradication era. Overall postvaccination complication rate was 

40/1.000.000 vaccines (Haim et al. 2000) Myopericarditis incidence was 160/1.000.000 after primary vaccination, 

7.5-folder higher than in non-vaccinated background rate (Poland et al, 2005). 
5
 Upgraded for consistency of findings between studies, across different settings, different investigators and different 

designs. 



first-time or re-vaccination 
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Smallpox ACAM-2000 vaccines  

 

Table 3: Clinical protection of vaccines used during the eradication 
Population   :   Immunocompetent individuals 

Intervention:  ACAM-2000 vaccine  

Comparison:  No vaccination 

Outcome     :  Cases of vaccinia 

PICO Question: What is the scientific evidence of the clinical protection of any dose of ACAM-2000 

vaccine against smallpox disease in immunocompetent individuals compared to no vaccination?   

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 5 RCT/1observational
6
 4 

Factors 
decreasing  
confidence 

Limitation in study 
design 

Serious
7
 -1 

Inconsistency None serious 0 

Indirectness None serious
8
 0 

Imprecision None serious 0 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Applicable
9
 (+2) 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 4  

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 

We are very confident that the 
true effect lies close to that of 
the estimate of effect on the 
health outcome.  

Conclusion 

ACAM-2000 suggests dose-
dependent levels of clinical 
protection of 27%-100% in 
previously vaccinated and 
unvaccinated participants.  

 

 

 

 

 

                                                 
6
 6 Clinical studies, with a total of 2983 participants, evaluated safety and/or efficacy of ACAM-2000. Except one 

(H-400-008) all studies were randomized, controlled trials. Two Phase 1 studies, conducted in vaccinia-naive 

participants, suggest 99% and 100% efficacy. Two Phase 2 studies suggest dose-dependent efficacy of 59%-100% in 

vaccinia-naive participants and dose-dependent efficacy of 27%-88% in previously vaccinated participants. Two 

Phase 3 trials suggest 96% efficacy in vaccinia-naive and 84% in previously vaccinated participants. 
7 

No study reported detailed information on allocation concealment. 
8 

Vaccine-related major cutaneous reaction (vaccine take) was recognized as clinical correlate of protection, hence 

no downgrading for indirectness. 
9
 Strong evidence of high vaccine effectiveness. 
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Smallpox ACAM-2000 vaccine 

 

Table 4: Safety of ACAM-2000 smallpox vaccines  
Population   :   Immunocompetent individuals 

Intervention:  ACAM-2000 vaccine  

Comparison:  No vaccination 

Outcome     :  Serious adverse events 

PICO Question: In immunocompetent individuals, what is the incidence of serious adverse events for any 

dose of ACAM-2000 vaccine compared to no vaccination? 

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 
5 RCT/ 1 
observational

10
 

4 

Factors 
decreasing  
confidence 

Limitation in study 
design 

Serious
11

 -1 

Inconsistency None serious 0 

Indirectness None serious 0 

Imprecision Serious
12

 -1 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Not applicable 0 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 2 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 
Our confidence in the estimate of the effect on 
the health outcome is limited 

Conclusion 

Reports of severe adverse events following the 
use of ACAM-2000 smallpox vaccine were 
assessed in 6 clinical trials including 2983 
participants. No cases of severe adverse events 
or death were reported except 7 cases of 
myocarditis, all in previously unvaccinated 
participants. 

 

 

 

 

 

                                                 
10

 6 Clinical trials, with a total of 2983 participants, evaluated the safety of ACAM-2000. Except one all studies 

were randomized, controlled trials. No cases of generalized vaccinia, ocular vaccinia, postvaccinial encephalitis, 

progressive vaccinia, erythema multiforme, or pvE were reported with ACAM2000. However, 7 (5.73 events per 

thousand vaccinations) cases of suspect or probable myocarditis in subjects treated with ACAM2000 were identified. 

All subjects who experienced myocarditis were previously naïve to vaccinia; no cases were detected in previously 

vaccinated subjects. One of the 7 subjects was hospitalized while the others were sub-clinical and received no 

treatment. One participant experienced a single new onset seizure (Monath et al 2004). 
11

 No study reported detailed information on allocation concealment. 
12

 Number of study participants possibly too small to detect rare serious adverse events. 
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LC16m8 smallpox vaccine 

 

Table 5: Clinical protection of LC16m8 smallpox vaccine 
Population   :   Immunocompetent individuals 

Intervention:  LC16m8 vaccine 

Comparison:   No vaccination 

Outcome     :   Cases of vaccinia 

PICO Question: What is the scientific evidence of the clinical protection of any dose of LC16m8 vaccine 

against smallpox disease in immunocompetent individuals compared to no vaccination?   

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating  1/RCT 2/ observational
13

 4 

Factors 
decreasing  
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 

Indirectness None serious
14

 0 

Imprecision None serious 0 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Applicable
15

 (+1) 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 4 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 Statement on quality of evidence 

We are very confident that the 
true effect lies close to that of 
the estimate of effect on health 
outcome 

Conclusion 

LC16m8 was administered in 
pre- and post-eradication, yet 
has not been used in endemic 
settings, hence has not proven 
effectiveness in field settings. 
Efficacy is high, ranging from 
94.4% -100% in vaccinia-naive 
and 86% in previously 
vaccinated individuals. 

 

 
 

                                                 
13

 In the pre-eradication phase, LC16m8 was administered to 10,578 children 0-5 years of age. Vaccine take rate 

was 95.1% (Fenner et al. 1988, Hashizume S et al 1985). Post-eradication, one RCT (Kennedy et al. 2011) 

demonstrated efficacy (vaccine take) in vaccinia-naive participants of 100% (n=125). The overall proportion of 

clinical take was significantly higher in primary vaccinees (1443/1529 [94.4%; 95% confidence interval {CI}, 93.2%-

95.9%]) than in revaccinees (1465/1692 [86.6%; 95% CI, 85.0%-88.2%]) (P<.001) (Saito et al.2009) 
14

 Vaccine-related major cutaneous reaction (vaccine take) was recognized as clinical correlate of protection, hence 

no downgrading for indirectness. 
15

 Strong evidence of high vaccine effectiveness. 
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LC16m8 smallpox vaccine 

 

Table 6: Safety of LC16m8 smallpox vaccine 
Population   :   Immunocompetent individuals 

Intervention:  LC16m8 vaccine (any dose) 

Comparison:   No vaccination 

Outcome     :   Serious adverse events 

PICO Question: In immunocompetent individuals, what is the incidence of serious adverse events for any 

dose of LC16m8 vaccine compared to no vaccination? 

 

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 
1 RCT/ 
3observational

16
 

4 

Factors 
decreasing  
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 

Indirectness None serious 0 

Imprecision Serious
17

 -1 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Not applicable 0 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 3 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 

We are moderately confident in the estimate of 
effect on health outcome. The true 
effect is likely to be close to the estimate of the 
effect 

Conclusion 

Reports of serious adverse events following the 
use of LC16m8 vaccines were reported during 
the pre-eradication era. Post-licensure studies 
and recent studies report no serious adverse 
events. 
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 Fenner et al. 1988: Out of 8,544 vaccinees, one case of eczema vaccinatum, 3 cases of convulsions, 8 cases of 

general vaccinia were noted.  More than 90.000 doses were distributed in Japan after licensure in 1975 and no 

reports on serious adverse events were reported (Hashizume et al.1985). Saito et al. 2009 with 3221 participants, 

Kennedy et al 2011 with 125 vaccinees observed no serious adverse events. 
17

 Number of study participants possibly too small to detect rare serious adverse events. 
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MVA smallpox vaccines 

 

Table 7: Clinical protection of MVA smallpox vaccines (Imvanex) 
Population   :   Immunocompetent individuals 

Intervention:  MVA smallpox vaccines  

Comparison:  No vaccination 

Outcome     :  Cases of vaccinia 

PICO Question: What is the scientific evidence of the clinical protection of any dose of MVA vaccine 

against smallpox disease in immunocompetent individuals compared to no vaccination?   

    Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 3 RCT/2 observational 4 

Factors 
decreasing  
confidence 

Limitation in study 
design 

Serious
18

 -1 

Inconsistency None serious 0 

Indirectness Serious
19

 -1 

Imprecision None serious 0 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Not applicable 0 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 2 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 

Our confidence in the estimate 
of the 
effect on the health outcome is 
limited 

Conclusion 

MVA vaccine has not 
demonstrated clinical 
protection in endemic settings. 
Neutralizing antibodies are 
used as correlate of protection.  
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 Immunogenicity was evaluated in 5 main clinical studies. One study was partially randomised, one study was 

partially blinded. The study population (>1000 participants) was over 18 years and male as well as female. 

Seroconversion rates were 77.2%-89.2% after two doses in vaccinia naive and 77.6%-78.5% after one booster dose 

in vaccinia experiences subjects.  
19

 Neutralizing antibody response was evaluated by plaque reduction neutralization assays after two doses of MVA 

vaccine in vaccinia-naive and vaccinia experienced individuals. Vaccine has not been used in endemic settings.  



 

MVA smallpox vaccines  

 

Table 8: Safety of MVA smallpox vaccines 
Population   :   Immunocompetent individuals 

Intervention:  MVA smallpox vaccines 

Comparison:  No vaccination 

Outcome     :  Serious adverse events 

PICO Question: In immunocompetent individuals, what is the incidence of serious adverse events for any 

dose of MVA vaccine compared to no vaccination? 

    
Rating Adjustment to rating 

  
  
  
  
Q

u
a
li

ty
 A

s
s
e
s
s
m

e
n

t 

No of studies/starting rating 
6 RCT/ 7 
observational

20
 

4 

Factors 
decreasing  
confidence 

Limitation in study 
design 

Serious
21

 -1 

Inconsistency None serious 0 

Indirectness None serious 0 

Imprecision Serious
22

 -1 

Publication bias None detected 0 

Factors 
increasing 
confidence 

Strength of 
association/ large 
effect 

Not applicable 0 

Dose-response Not applicable 0 

Antagonistic /mitigated 
bias and confounding 

Not applicable 0 

Final numerical rating of quality of evidence 2 

S
u

m
m

a
ry

 o
f 

F
in

d
in

g
s
 

Statement on quality of evidence 
Our confidence in the estimate of the effect on 
the health outcome is limited 

Conclusion 

Reports of serious adverse events following the 
use of MVA smallpox vaccines were assessed in 
14 clinical trials and post-licensure data report a 
low risk of serious adverse events in 
immunocompetent individuals following 
immunization with MVA vaccine.  
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In total 14 clinical trials with 1547 vaccinia naive and 534 previously vaccinated subjects. 3 RCTs partially or 

single blinded, one RCT partially randomized. Two serious adverse events possibly linked to immunization were 

described in immunocompetent individuals: One case of extraocular muscle paresis and one case of sarcoidosis. 

Postmarketing data from 145.000 individuals from the pre-eradication where MVA  (100x lower number of 

infectious units than current MVA vaccines) was used as priming dose before regular immunization with Lister-

Elstree (Stickl et al. 1974; Mayr et al. 1978) identified no serious adverse events. 
21

 RCT: Vaccinator unblinded. Total number of study participants might not allow detection of rare serious adverse 

events. 
22

 During the pre-eradication era, MVA with reduced infectious units compared to the current MVA vaccines was 

used in 145000 individuals as a primer dose. No serious adverse events were detected. 
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