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ATTRIBUTES OF A GOOD VACCINE

Appropriate immune response

Long-term protection 

(against the most pathogenic and prevalent strains)

Safe

Stable

Affordable

Minimum number of shots (injections)

Maximum number of antigens



Like all drugs, no vaccine is 100% safe



WHAT IS AN ADVERSE EVENT 

FOLLOWING IMMUNIZATION (AEFI)?

� Vaccine reaction - caused by vaccine’s inherent
properties

� Programme error - caused by error in vaccine
preparation, handling, or administration

� Coincidental - happens after immunization but not
caused by the vaccine or vaccination process (a chance 
association)

� Injection reaction - anxiety about or pain caused by the 
injection not vaccine/vaccination

� Unknown - cause cannot be determined

A medical incident that takes place after an immunization, causes 

concern, and is believed to be caused by immunization



Adverse reaction vs. adverse event

Diseases

Genetics

Other medication

Compliance Environment

Other factors

Diet

Programmatic errors

Vaccine 

Reaction

Event attributed to vaccine



Objectives of monitoring AEFIs

• Identify urgent problems for investigation and action

• Detect signals for potential follow-up and research

• Estimate rates for serious AEFIs
– for comparison between products

– to determine risks and benefits of immunization 

– to validate pre-licensure data

• Identify programmatic errors and batch problems

• Create awareness of risks among health professionals



Source: Council for International Organizations of Medical Sciences (CIOMS), 1995

Very 
common*

> 1/10 > 10%

Common 
(frequent)

> 1/100 and < 1/10 > 1% and < 10%

Uncommon 
(infrequent)

> 1/1,000 and < 1/100 > 0.1% and < 1 %

Rare > 1/10,000 and < 1/1,000 > 0.01% and < 0.1%

Very rare* < 1/10,000 < 0.01%

Frequency of Adverse Reactions

* Optional categories



VACCINE REACTIONS
• Common, minor reactions

– Part of immune response to vaccine

– Settle on their own

– Warn parents and advise how to manage

– e.g. fever, malaise etc. 

• Rare, more severe reactions

– Usually require clinical management

Examples

– Severe allergic reaction (e.g. anaphylaxis) including exaggerated 

response to vaccine/ component

– Vaccine specific reactions (e.g. BCG osteitis)



Irritability, malaise & 
systemic symptoms

COMMON, MINOR REACTIONS

Fever 

>38oC

BCG

Hib

HepB

Measles/
MMR
Polio
(OPV)

DTP
(pertussis)

Tetanus

90-95%

5-15%

Adults: 15%; Children: 5%

~10%

-

Up to 50%

~10%*

-

2-10%

-

5-15%

<1%

Up to 50%

~10%

-

-

1-6%

5% rash

<1%**

Up to 55%

~25%

* Rate of local reactions likely to increase with booster doses, up to 50-85%

** Symptoms include diarrhoea, headache, and/or muscle pains

Vaccine Local reaction

(pain, swelling, redness)



RARE, MORE SEVERE REACTIONS

0.76-1.3 (1st dose)

0.17 (subsequent 

doses)

0.15 (contacts)

4-30 daysVaccine-associated paralytic 

poliomyelitis (VAPP) 

Risk is higher for first dose, 
adults, and immunocompromised

OPV

333

33

1-50

5-12 days

15-35 days

0-1 hour

Febrile seizures

Thrombocytopaenia

Anaphylaxis

Measles
/MMR

1-2

5

0-1 hour

1-6 weeks

Anaphylaxis

Guillain Barré syndrome
Hep B

Nil knownHib

100-1000

1-700

2

2-6 months

1-12 months

1-12 months

Suppurative lymphadenitis

BCG osteitis

Disseminated BCG

BCG

Rate per million 
doses

Onset 
interval

ReactionVaccine



RARE, MORE SEVERE REACTIONS (2)

1000-60 000

570

570

20

0-1

0-24 hours

0-3 days

0-24 hours

0-1 hour

0-3 days

Persistent (>3 hrs) 

inconsolable screaming

Seizures

Hypotonic, 

hyporesponsive episode 

(HHE)

Anaphylaxis/shock

Encephalopathy

DTP

Nil extra to tetanus 

reactions
Tetanus-diphtheria

5-10

1-6

6-10

2-28 days

0-1 hour

1-6 weeks

Brachial neuritis

Anaphylaxis

Sterile abscess

Tetanus

Rate per 
million 
doses

Onset 
interval

ReactionVaccine



RARE, MORE SEVERE REACTIONS (3)

500-4000 in 

infants<6 months

5-20

1/10,000,000 

Brazil

7-21 days  

0-1 hours

Post-vaccination 

Encephalitis

Allergic 

reaction/anaphylaxis

Viscerotropic disease 

(multiple-organ failure)

Yellow fever

10-1000

1-2.3

Serious allergic reaction

Neurological event

Japanese 
encephalitis

Rate per million 
doses

Onset 
interval

ReactionVaccine



Practical value of Rates of Rare Reactions 

• Can be used to assess extent of 

underreporting 

• Used to identify trends of concern (e.g. 

higher than expected rates reported in 

system) 

– Consider product quality 

– Special risks in local population 

• Time to onset of events useful for case 

investigation and verifying case validity



ESTIMATED AEFI

Common, minor AEFI (not reportable) 
• 152,653 cases of local reaction, pain swelling redness
• 76,327 cases of fever
• 76,327 cases of irritability, malaise, non-specific symptoms

Rare, more severe AEFI (reportable?)
• 508 cases of febrile seizures
• 50 cases of thrombocytopenia
• between 1 and 76 cases of anaphylaxis

ACTUAL AEFI 
• 6 non-serious

MEASLES SIA CONDUCTED IN 1,526,530 CHILDREN



EXAMPLES OF REAL SAFETY ISSUES 

• Rare "disasters" due to faulty production; risk drastically 

reduced by better production controls and better science
• Lubeck incident (1929-30): occurrence of TB following 

vaccination

• Cutter (inactivated) polio incident (1955)

• True vaccine reactions
• Vaccine-associated paralytic polio

• Mumps vaccine-associated aseptic meningitis

• Rotavirus and intussusception

• Bell's palsy following intranasal flu

• Influenza vaccine and oculorespiratory syndrome



EXAMPLES OF UNPROVEN ASSOCIATIONS 

AND PUBLIC CONCERNS

• Influenza vaccine and Guillain Barré Syndrome

• MMR and autism, Crohn’s disease

• Polio and HIV

• Hepatitis B and multiple sclerosis 

• DTP and permanent brain damage

• DTP and increased risk of mortality

• Aluminium and macrophagic myofasciitis

• Bovine spongiform encephalopathy (BSE)

• Thimerosal and autism, neurodevelopmental problems

• Multiple vaccines given simultaneously



PRACTICAL POINTS

• Vaccination should only be conducted by trained and 
appropriately equipped staff

• Provide training to health staff on what common reactions to 
expect and what to advise parents accordingly

• Contraindications and precautions should be known and 
followed by all vaccinators

• Health staff need to know how to diagnose and manage 
vaccine reactions and differentiate them from other events

• Maintain knowledge on expected rates of severe events –
useful in case investigation and causality assessment. 



Rapid notification of basic 

information

Adequate education and training 

of role players

Rapid and effective 

response/action

Ensure appropriate outcome of 

action/response

Key elements of an effective AEFI surveillance system

Rapid & effective evaluation of 

information
28% 28%

48%

14%

7%

3%
1%

3%

18%

66%

54%

36%

23%

1%
3% 3%

0%

20%

40%

60%

80%

All

circumstances

If deidentified Permission 1st Uni/hosp Govt No

circumstances

Other Don't know



Evolution of immunization 

programmes

In
c
id

e
n

c
e
 

Vaccine

coverage
Adverse events

(number and/or perception)

Disease

Outbreak

Vaccination

stops

Pre-vaccine
Increasing  

coverage  

Loss of 

confidence   

Resumption 

of confidence
Eradication

Maturity of programme

Adapted from: Chen RT et al, Vaccine 1994;12:542-50



Global initiatives

• Global Advisory Committee on Vaccines Safety (GACVS)

• WHO International Drug Monitoring Program (Uppsala 

Monitoring Centre)

• Vaccine Safety Net

• Brighton Collaboration

• Global Training Network (GTN)



The Brighton Collaboration

http://www.brightoncollaboration.org

Not to filter reporting but to improve 

analysis and comparability of clinical trial 

and surveillance data.



The Brighton Collaboration

� FEVER

– what does it mean for WHO

– what does it mean in different countries

– what does it mean in clinical trials

– what does it mean for manufacturers

– what does it mean for YOU?



� Lower limit

- ≥37.1oC to ≥ 38.5oC

� Site of measurement

- rectum, oral, axillary, tympanic, umbilical, inguinal, 
great-toe, forehead, abdominal skin

� Instrument for measurement

- mercury-in-glass, electronic, infrared, and 
thermophototropic liquid crystal thermometers





ELEMENTS OF AEFI SURVEILLANCE SYSTEM

• Detection 

• Reporting

• Investigation

• Analysis 

• Corrective action 

• Communication/feedback 



Fig, 1. The reporting process for adverse events
following immunization (AEFIs)

Loop 1 Loop 2

1  Initial report

2  Report to action level

3  Investigation

4 Send on reports meeting 

criteria 
5 Report for consultation/

action

6 Decision communication 

(regulatory, public health)

7 Public statement/feedback
8 Contract information
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Discussion on Case

Investigation

Learning from 

The Mangaldan Affair!!



WHO Aide 

Memoire: 

AEFI Investigation

A Useful 
Investigation
and training

Tool!



March 14, 2006

4 hours following Measles 
vaccination, 4 cases of 
apparent signs and 
symptoms of  fever, 

vomiting, generalized 
redness manifested

Mangaldan, Pangasinan
First class municipality

Barangays 30
Total Population 92,881

Target population (FIC) 2,786



The Mangaldan Cluster…

16/03/06
Cluster
reported 
from 
Mangaldan
RHU

17/03/06
Regional 
Investigation 
starts

14/03/06
Cluster of 4 
Serious 
AEFI
Mangaldan
RHU

2 1
8

25/3/06
NEC receives 
Regional 
investigation
report

8

2/4/06
NEC investigates and 
confirms
cases of AEFI

19/04/06
Immunization
Safety Board 
concludes
on case

17

19/05/06
Media reports
Quoting DOH from
Another district

30

- Litigation of 

HCW

- Fear among 
midwives

- Local impact

- Litigation of 

HCW

- Fear among 
midwives

- Local impact

0

18/03/07
Further 
investigation



Timelines

– Detection

– Reporting 

– Investigation

– Response

– Communication/Feedback

What are the challenges we faec in achieving efficient 
timelines?



Investigation Procedure

1. Ask about the patient

2. Ask about vaccine and other drugs

3. Ask about other vaccines

4. Ask about immunization services

5. Observe the services in action

6. Ask about cases in unvaccinated?

7. Establish a more specific case definition

8. Formulate hypothesis on cause

9. Collect specimens

- Patient, vaccine, syringes
Refer to the

Aide Memoire on 
Case Investigation!



• These were the only 4 immunized at that time

• Diagnosis/Outcome 

• Child #1: “Hypersensivity Reaction”—not admitted

• Child #2: “Toxic Shock Syndrome”—Admitted ICU

• Child #3: “Systemic Viral Illness” — Admitted ICU

• Child #4: “Septic Shock Syndrome—Admitted ICU and Died. 
Autopsy revealed: Cause of Death was cerebral edema, 
severe, secondary to acute disseminated 
meningoencephalitis, probably viral in etiology

• Siblings were not ill
Any other information? 

1) Ask about the patients



2) Ask about vaccine and other drugs

Morning (Brgy Guilig, Mangaldan)

– 15 children given DPT vaccine

– 14 children given OPV vaccine

– 5 children given BCG vaccine

• 4 children given Measles vaccine

• All 4 children received measles vaccine from the same vial at 

the same site; 2:45-3:30 PM, same lot number and expiry date.

Any other information?



3) Ask about other vaccines…

Other vaccines given at the same time? 



4) Ask about immunization services & 5) 

Observe services in action…

• Medical records and EPI documents reviewed

• Immunization Process assessed

• Ocular Inspection & vaccine storage audited

• Interview with health worker revealed use of aspirating needle and 
leaving it pierced on the vial and placing back the vial in multicooler
while waiting for the next child

• Use of ADS not practiced

• Vaccinator did not follow prescribed guidelines in the administration of 
vaccines (use of plastic iced water instead of cold dogs)



6) Ask about cases in unvaccinated…

• RITM identified 3 other regions allocated 

same vaccine lot numbers ;  No reported 

similar event from time of receipt of AMV. 

• No other reported AEFI within the region. 

Any other information? 
Would this information be adequate in your country?



• Case definition: Child (9 -13 months) who developed 3 or 

more of the following: 
• fever, 
• vomiting,
• diarrhea, 
• seizure, 
• redness, 
• change of behavior, 
• swelling on vaccine site, 
• cyanosis

Within the first 24 hours of measles vaccination 
on March 14, 2006 
in Bgy. Guilig, Mangaldan, Pangasinan

What

When

Where

Who

7) Establish a more specific case definition



No
All cases

from only one
facility (same lot

used at 
others)?

All cases got
same vaccine

or lot ?

Known
vaccine

reaction?

Similar
illness

in others who
did not get
vaccine?

Similar
illness in

others who did
not get the
vaccine?

Rate of
reaction

within the
expected

rate?

Yes

NoNoNo

YesYes

Programme error

Programme error,
coincidental or unknown

Coincidental event

Programme error or
vaccine quality

problem

Coincidental event Vaccine reaction

Manufacturer error,
batch problem or
transport/storage

error

Yes

Yes Yes

No No

Cluster of AEFI

8) Formulate hypothesis on cause



Programme error

• Lot distributed to other
sites, but not yet in use?

• Coincidental?
Ability to identify other
common factors

• Unknown

All cases
from only one

facility (same lot
used at 
others)?

Yes

Cluster of AEFI



9) Collect specimens and dispatch:

Patient, vaccine, syringes

• Region tested 3 AMV vials & 1 diluent in RITM

– 1 opened vial: (+) Staph aureus

– 1 diluent positive Bacillus spp.

– 2 Unopened vials

• 1 No growth on primary media; but positive Bacillus spp. on BHIB

• 1 no growth on any media

• Used vial was (+) Staphylococcus aureus

• Recovery of  Baccillus spp in 1 unopened MV vials & diluent

– According to BFAD specialized collection techniques are needed. Most likely a 

contaminant.

Would you like any additional laboratory information or tests?

Should the vaccine or diluent have been tested?
Any issues on specimen collection, testing and validity of results?



Analyze Data & Summarise Findings

• Clustering of AEFI

• No reported AEFI cases in other health facilities using the same lot of 
AMV

• Diagnoses of Infection (Abscess, TSS)

• Use of aspirating needle, leaving it pierced on vial & placing back vial 
in the mini-cooler while waiting for next child

• Used vial was (+) for Staph. aureaus

• Vaccinator did not follow prescribed guidelines in the administration 
of the vaccines (e.g. used of iced water in plastic instead of cold dogs)

AEFI were caused by programme error most probably due to 
non-sterile injection from contaminated vial



Practical Issues when 

Developing your Investigation Procedures

• Decide WHAT should be investigated 

– (develop reporting system around these events)

• Decide WHO should conduct investigation and in what TIMEFRAME

• Design Investigation procedure and forms to collect all relevant information for 
determining cause and assessing causality 
– (see Aide Memoire on Case Investigation)

• Have system in place to conduct post mortems and lab testing (e.g. blood 
samples etc)

• Decide which events require high level versus lower level investigation


