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This synopsis provides a summary of the minimum recommended provisions for
implementing this generic protocol. All countries should provide the following
facilities, use the following case definitions, and have arrangements for the following
surveillance activities to be carried out:

1.1 Objectives

1.1.1 Primary objective

The primary objective is to estimate the incidence and disease burden of pertussis in
children under 5 years of age during periods of low to high (outbreak) disease activity.
This will be achieved by a modular approach using three methodologies.

• Ongoing enhanced passive surveillance

• Community-based surveys through cluster sampling

• Outbreak investigation.

1.1.2 Secondary objectives

• To estimate the incidence, hospitalization, and case fatality rates of pertussis
in infants less than 12 months of age.

• To estimate the efficacy of a single dose of pertussis vaccine (given on time) to
protect against death.

1.2 Personnel and responsibilities

1.2.1 Health facilities

Generalized information on pertussis should be provided to the different personnel.
Those specifically in charge of detection of cases (day care, hospitalization)
should be trained in standardized methodology for case ascertainment, diagnosis,
laboratory procedures, treatment and completion of the case report form
(information on vaccination status and the way to handle missing vaccination cards).
Information delivered to the parents about the study should be written down and
standardized. Type and cost of treatment (or free access) should also be standardized.

1.2.2 Community-based surveillance

Field workers should be fluent in the local language and preferably from the study
area. Training should be based on a written handbook of procedures that they will
annotate and maintain updated.

1. Study synopsis



Generic protocol for estimating the burden of pertussis in young children2

1.2.3 Coordinator/supervisor

The coordinator/supervisor should be a physician and when possible a pediatrician.
He/she will be in charge of overall monitoring of the study, i.e. staff management,
provisional supplies for lab diagnostic and treatment/vaccinations, cold chain facility.
Regular meetings including personnel at the clinic and at the community level should
be instituted, and a summary of key issues should be added to the study handbook.

1.3 Case definition (WHO)

1.3.1 Suspect case definition

A suspect case of pertussis is defined as:

• non improving cough of 14 days or more

• cough of any duration with paroxysms

• cough of any duration with whoop.

1.3.2 Clinical case definition

A clinical case definition is a case diagnosed by a physician; or a person with cough
lasting at least two weeks with at least one of the following:

• paroxysms (i.e. fits) of coughing

• inspiratory “whooping”

• post-tussive vomiting (i.e. vomiting immediately after coughing) and without
other apparent cause.

1.3.3 Laboratory criteria for pertussis

• Isolation of Bordetella pertussis or detection of genomic sequences by PCR or
positive paired serology.

1.3.4 Case classification

Case classification should be performed irrespective of vaccine status, i.e. also for
fully vaccinated children.

Probable case: A case according to clinical definition.

Confirmed case: A probable case (or a person with any cough) confirmed by
laboratory or by epidemiological link with a confirmed case.
An epidemiological link will be defined as a household
(or other closed setting) contact within 21 days before or
after onset of cough of the confirmed case.

Possible case: A case ascertained by field worker based on mother’s
declaration. If retrospective assessment then it should be
within 3 months.

Pertussis death: Can be classified as possible, probable, and confirmed.
Any death occurring within 3 months after onset of disease
among cases (possible, probable, confirmed). Any deaths
occurring among infants in compounds (households) where
cases occur, without other apparent cause of death.
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1.4 Outbreak definition

There is no simple or widely accepted definition of an outbreak of pertussis.
Any definition of an outbreak must take into account the typically cyclical nature of
pertussis disease, local patterns and populations affected (National Advisory
Committee on Immunization 1994). An outbreak of pertussis is defined as an increase
in cases of pertussis in a given population within a defined geographic area over the
expected number of cases for that period.

1.5 Surveillance methodologies (minimum standards)

1.5.1 Enhanced passive surveillance in hospitals

• At least 5 years surveillance

• At least 1 non-specialist hospital serving a local population of 0.5–1 million

• All children <5 years meeting case definition should be reported

• Laboratory confirmation should be attempted on a minimum 10–20% of children
<5 years meeting the case definition

• Minimum 1000 samples per year should be submitted for laboratory
investigation for pertussis

1.5.2 Community-based surveys through cluster sampling

• Survey carried out at least 2 yearly, preferable combined with coverage surveys

• Trained community worker identifies all cases of pertussis-like illness in the
household in past 12 months

• 46×30 infants

• Cases occurring in the previous 4 weeks get laboratory investigation

• Immunisation status recorded by parent held record

1.5.3 Outbreak investigations

• Active case finding over 5–6 month period during an outbreak

• Community and community field worker awareness raised on reporting cases

• Trained community field workers find cases in defined population following
case definitions on a standard case record form

• 4 data collections

• 1st defines population under study (minimum 100 children <5 years for attack
rates, minimum 1000 for CFR, # for Vaccine efficacy?)

• 2nd & 3rd follow up outcome

• 4th should be 2 months after 3rd round to follow up hospitalisation and death

• All suspected cases with onset in the previous month should have laboratory
investigation as well.
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2.1 Description of the organism

Pertussis (whooping cough) is an acute infection of the respiratory tract caused by
Bordetella pertussis (most cases) and Bordetella parapertussis (occasional cases,
typically milder than those caused by B. pertussis) [Halperin 2001]. Bordetella are
Gram-negative pleomorphic aerobic bacteria; B. pertussis and B. parapertussis are
the most similar of the species but B. parapertussis lacks expression of the gene
coding for pertussis toxin. B. pertussis is a slow growing, fastidious organism which
requires selective medium to isolate the small glistening bifurcated colonies.
Identification of suspicious colonies is by direct fluorescent antibody, agglutination
with species specific antiserum, or by biochemical and motility characteristics.

Infection by B. pertussis is initiated by attachment of the organism to the
ciliated epithelial cells of the nasopharynx. Attachment is mediated by surface
adhesins including pertactin, filamentous hemagglutinin and perhaps fimbriae,
likely in conjunction with pertussis toxin. At the site of attachment, the organism
multiplies producing a variety of other toxins that cause local mucosal damage
(tracheal cytotoxin, dermatonecrotic toxin). Impairment of host defense by B. pertussis
is mediated by pertussis toxin and the adenylate cyclase toxin. There is local cellular
invasion with persistence of the bacteria intracellularly; however, systemic
dissemination does not occur. Systemic manifestations (lymphocytosis) result from
the effects of the toxins.

2.2 Description of the disease

Pertussis is a prolonged cough illness with clinical manifestations that vary by age.
After an incubation period averaging 7 to 10 days, an illness develops which is
indistinguishable from the common cold characterized by coryza, lacrimation,
mild cough, low grade fever and malaise. After one to two weeks, this catarrhal
phase evolves into the paroxysmal phase as the cough becomes more frequent and
spasmodic, described as repetitive bursts of 5 to 10 coughs, often within a single
expiration. There is frequently post-tussive vomiting, occasionally with the expulsion
of a mucous plug at the end of an episode. The episode may be terminated by an
audible whoop which occurs when there is rapid inspiration against a closed glottis
at the end of a paroxysm. The frequency of paroxysmal episodes varies widely from
several per hour to 5 to 10 per day. Episodes are often worse at night and interfere
with sleep. Weight loss is not uncommon as a result of the interference with eating.
Most complications occur during the paroxysmal stage. Fever is uncommon and
suggests a bacterial superinfection. After two to four weeks, the coughing episodes
become less frequent and severe, heralding the onset of the convalescent phase.

2. Introduction
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This phase can last from 1 to 3 months and is characterized by a gradual resolution
of the coughing episodes. Intercurrent viral infections for up to 6 months to a year
may be associated with a recrudescence of the paroxysmal coughing episodes.

Clinical manifestations of pertussis are more severe in infants and young children; in
the industrialized world, nearly all mortality occurs in infants too young to have
been immunized or in unimmunized children [Wortis 1996, Halperin 1999]. Not all
children who develop pertussis develop classical disease. Although cough, typically
paroxysmal, is nearly always present, whoop may be present in only half of cases
[Heininger 1997]. In infants, the illness may be atypical; often apnea and cyanosis
are the only symptoms at presentation. Seizures, encephalopathy, and pneumonia
are all more common in young infants. Pertussis infant deaths due to apnea may be
confused with the Sudden Infant Death Syndrome [Heininger 1996, Crowcroft 2002].
The clinical manifestations in adolescents and adults may be classical but are more
often atypical [Schmitt-Grohé 1995, Senzilet 2001]. Vomiting with cough is the best
predictor that a prolonged cough in adults may be due to pertussis. Other useful
features are a cough at night and exposure to others with a prolonged coughing
illness.

Complications are frequently associated with pertussis and are also more
common in infants [Halperin 1999, Baron 1998]. Subconjunctival hemorrhages,
abdominal and inguinal hernias, pneumothoraces and facial and truncal petichiae
occur as a result of the increased intrathoracic pressure generated by the severe fits
of coughing. Weight loss results from vomiting and the decreased caloric intake.
Complications are less common in older children and adults although they can occur
[De Serres 2000]. Pneumonia in adolescents and adults is usually caused by
encapsulated organisms such as Streptococcus pneumoniae or Haemophilus influenzae
in contrast to young infants who develop a primary B. pertussis pneumonia.
Pneumothorax, severe weight loss, inguinal hernia, rib fracture, and cough syncope
have all been reported in adolescent and adult pertussis [Postels-Multani 1995].

2.3 Guidelines/targets for pertussis control programs

The pertussis control strategy recommended by the World Health Organization
(WHO) is to control the morbidity and mortality of pertussis in infants and young
children by delivering three doses of diphtheria–pertussis–tetanus vaccine (DPT) in
the first four months of life.

• In all countries, and particularly where pertussis is still an endemic disease and
poses a serious health problem in infants and young children, the priority should
be to reach at least 90% coverage with a primary series of three doses of DPT
vaccine in infants in all districts.

• WHO recommends that, where resources permit, an additional dose of DTP
be given after completion of the primary series. The need and timing for
additional booster doses of DPT or DT should be assessed by individual national
programmes.
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2.4 Description of epidemiology and control through immunization

Through the widespread use of whole-cell pertussis vaccine in the last
60 years, pertussis has been controlled in many parts of the industrialized world.
Reported cases of pertussis have decreased by over 90-95% with pertussis vaccine
coverage rates approaching 90% [Farizo 1992]. Despite these favorable results,
B. pertussis continues to circulate and cyclical outbreaks occur with a 3 to 5 year
periodicity [Halperin 1989, Skowronski 2002]. In jurisdictions where pertussis
immunization programs were discontinued because of vaccines of low efficacy
(Sweden) or because of concerns about vaccine associated adverse events
(United Kingdom, Japan), dramatic outbreaks occurred with cyclical peaks returning
to levels not seen since the pre-vaccination era [Romanus 1987, Miller 1992].
Introduction of acellular pertussis vaccines have improved vaccine coverage rates
and vaccine acceptance in many industrialized countries [Juretzko 2002, Guris 1997].
Efficacy of the acellular pertussis vaccines varies by product but on average
approximates 85% [Simondon 1997, Olin 1997, Greco 1996, Gustafsson 1996,
Stehr 1998, Trollfors 1995, Liese 1997]. In contrast to the acellular vaccines for
which efficacy was established for each currently available product, the efficacy of
various whole-cell vaccines have not been determined. As comparators in the clinical
trials of the efficacy of the acellular pertussis vaccines, some whole-cell vaccines
were demonstrated to be worse, better, or equivalent to the acellular pertussis vaccines
(range 36-98%) [Simondon 1997, Olin 1997, Greco 1996, Gustafsson 1996,
Stehr 1998, Trollfors 1995, Liese 1997].

Despite maintenance of high levels of immunization coverage with either whole-cell
or acellular pertussis vaccine in some countries, the incidence of pertussis has risen
during the last decade. Notable amongst these countries with “mature” vaccination
programs (France, United States, Canada, Australia) is the shift of the peak affected
age groups to very young infants and adolescents [Skowronski 2002, Guris 1999,
Crowcroft 2002, Baron 1998, Simondon 2001]. In these countries, pertussis in
children between 6 months and 7 years of age appears to be well controlled; most of
the morbidity from pertussis occurs in children less than one year of age and virtually
all of the mortality is in infants too young to have started their immunization series.
As well, disease is increasingly being reported in adolescents and adults in whom
vaccine-induced immunity has lapsed [Skowronski 2002, Guris 1999].

In contrast to industrialized countries where the shift in epidemiology of pertussis
has been well documented, little is known about the burden of pertussis disease in
the developing world. Most countries continue to use whole-cell vaccines; all meet
WHO potency standards using the mouse intracerebral potency test but few have
been evaluated for efficacy or effectiveness. Difficulties in clinical identification of
non-classical pertussis, insensitive tests for laboratory confirmation and lack of
infrastructure for novel, more sensitive tests, and poor access to health care facilities
that might report disease all contribute to under-reporting of pertussis world-wide.
Although there have been dramatic advances in coverage for three doses of DPT
vaccine throughout the developing world, there have also been recent setbacks and
there are some regions where coverage is unacceptably low [WHO 2003].
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2.5 Estimates of pertussis burden in the industrialized and developing
world

A precise value for the global burden of pertussis is not known; however, periodic
efforts have been made by the World Health Organization to estimate the global
pertussis burden. These estimates have suffered from deficiencies in available data
including:

• incomplete notification to the WHO even from industrialized countries with
low pertussis incidence. This is in part due to inadequate infrastructure,
low sensitivity of clinical reporting systems, and poor sensitivity and specificity
of the diagnostic tests;

• variability of reporting within regions of countries;

• variability of availability of both basic and more advanced laboratory diagnostic
facilities

• variability of clinical and laboratory sensitivity and reporting by age of the
infected individual;

• under-reporting of pertussis and lack of completeness of mortality data even
in countries with well developed public health infrastructure;

• insufficient size of data from descriptive epidemiological studies and clinical
trials from a limited number of countries to estimate mortality. Most studies
typically cover periods shorter than a 3–4 year period which would include a
full epidemic cycle of pertussis. These factors make generalizeability of the
data from these studies difficult.

There is consensus, however, that pertussis is under reported and deaths are under-
recorded. In countries with low vaccine coverage and high birthrates, young siblings
may be the source of infection to infants who have the highest rates of morbidity and
mortality. In countries with high rates of immunization, infections in adolescents
and adults are frequently not recognized and likely contribute in a substantial way to
transmission of infection to young infants.

Several methods have been used to estimate the global burden of pertussis.
The method of Galazka assumes that 80% of surviving susceptible infants acquire
pertussis in the first 5 years of life, estimates the age distribution in the country
(stratified by industrialized or developing nation status), then calculates the number
of cases given a vaccine efficacy of 80% and reported coverage rates from the country,
and estimates deaths using industrialized and developing country stratified case fatality
rates [Galazka 1995]. These estimates yield an estimate of 46.2 million cases in
children with 430,000 deaths. A second method by Galazka uses the reported number
of cases from a region multiplied by an estimated under reporting factor; deaths are
estimated from the estimated number of cases multiplied by an arbitrary case fatality
rate (CFR) from each region [Galazka 1995]. This method suffers from problems in
accurately estimating the reporting completeness rate, even in countries with well
developed public health infrastructure. A further refinement of this latter method
derives a correction factor by comparing published studies within a given region
with the official reports. Although this improves the methodology by making the
correction factor less arbitrary, it assumes that the studies achieve 100% reporting
and is limited to regions where studies have been done (often in areas of low incidence).
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Other methods used have included estimates of the proportion of acute respiratory
infection caused by pertussis (which suffers from the same deficiencies in the
diagnosis and surveillance of acute respiratory infection), use of death registries
(which underestimate pertussis, even in the industrialized world) [Wortis 1996,
Van Buynder 1999], and mathematical modeling (which is dependent on the accuracy
of the parameters used in the model).

In a recently completed analysis using more sophisticated analyses conducted on
behalf of the WHO by the Immunisation Division of the Public Health Laboratory
Service Communicable Disease Surveillance Centre of the UK, the total global
number of cases of pertussis was estimated to be 48.5 million with 390,000 deaths
[Crowcroft 2001]. Using data from 1999, countries were categorized on the basis of
mortality strata into very low, low, high, very high pertussis incidence for adults or
for children [WHO 2001]. Age adjusted case fatality rates from the literature were
used and assigned to the mortality stratum; for children under 1 year of age CFR’s of
3.7 were used in high incidence countries and 0.2 for lower incidence countries.
In low coverage countries, CFR in children 1–4 years of age was estimated at
1% [Crowcroft 2001]. Rates of complications of pertussis were derived from published
data from both industrialized and developing countries [Crowcroft 2001]. Note that
the literature on pertussis in high mortality countries is so limited that all parameters
are poorly estimated including case fatality; hence the need for better information in
these regions. Assumptions were made on the age-related proportion of susceptible
children infected and was estimated to be 10% by 1 year of age, 60% by 5 years of
age and 100% by 15 years of age in countries with vaccine coverage of 70% or
more and 30%, 80% and 100% in countries with vaccine coverage <70%. In this
estimate [Crowcroft 2001], it was assumed that all infections in individuals with
lapsed immunity from infection or immunization would be mild and not contribute
substantively to the burden of illness. Vaccine coverage rates reported to the WHO
by each jurisdiction were used and vaccine efficacy was estimated at 80% against
disease and 95% against death [WHO 2001]. The effect of whether whole cell or
acellular pertussis vaccine is used or differences in the efficacy of different vaccines,
the timeliness of administering the doses of the vaccine or the completion of the
vaccination series, and the effect of vaccination on transmission of infection were
not included in this model. Of note, this methodology appeared to overestimate the
burden of illness, particularly for significant disease in the 5–15 year old group and
mortality in the 1–4 year old age group [Crowcroft 2001].

2.6 Rationale for selected target for pertussis surveillance

Given these deficiencies, new epidemiological studies using active surveillance are
required that will provide the data (particularly in the developing world) on the
parameters needed for better estimating the global burden of pertussis. To optimally
establish the burden of infection from pertussis, cases comprising the full range of
severity amongst all age groups in the population should be identified. The ideal
study would be a population-based, active community surveillance with laboratory
confirmation of cases that would occur over a minimum of one complete pertussis
cycle (3-5 years). However, for a variety of reasons, this type of surveillance may
not be achievable. The most fundamental difficulty with intense, active surveillance
to determine the burden of illness is the effect of the surveillance itself on the estimate.
In the developing world (and in some industrialized nations), the greatest factor
contributing to the high burden of pertussis is failure to immunize. It is therefore
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likely that large numbers of unimmunized children will be identified by study
personnel during the active case finding that is integral to active surveillance.
Health care personnel involved in the surveillance will be ethically obligated to advise
and encourage parents to ensure these unimmunized children be immunized.
If all households are surveyed during the course of the study, one can anticipate that
the immunization rate will climb dramatically in the study area and consequently the
burden of pertussis illness will decline. Thus, active, community-based surveillance
for pertussis that doesn’t in itself affect the epidemiology is only possible where
pertussis vaccine is not recommended (now nonexistent) or where immunization
rates are universally high.

Even in the most affluent country with high immunization rates and well-established
infrastructure, accurate determination of the true incidence of pertussis through
community-based intensive surveillance is not simple, even with virtually unlimited
resources. The clinical presentation of pertussis may be atypical in adolescents and
adults and laboratory confirmation may be less likely in these age groups.
Thus, although it would be ideal to determine the burden of pertussis across the
entire age spectrum, for the following reasons, surveillance of pertussis in young
children (under five years of age) will provide the most cost effective method of
establishing the burden of disease from pertussis in the developing world: 1) most
morbidity and nearly all mortality from pertussis is in infants (see above estimates of
CFR); 2) the current focus of EPI is to control pertussis in young infants through
provision of three doses of pertussis vaccine as the first step in any pertussis control
program; 3) there is an increased likelihood of recognition of pertussis and laboratory
confirmation in infants and young children; and 4) there are limited resources
and infrastructure available to undertake pertussis surveillance in the developing
(and industrialized) world.

Given the limitations of undertaking community-based, ongoing intensive surveillance
across the entire age range over a full pertussis cycle, alternate methods of estimating
the burden of pertussis illness are needed for developing countries. Although unable
to provide the precision of long term, continuous surveillance, episodic estimates of
pertussis incidence can provide “snapshots” of pertussis burden; repeated snapshots
during times of low and outbreak activity will then provide estimates of the range of
pertussis occurring in a community. A three-staged, pyramidal modular methodology
of increasing intensity is used to estimate pertussis burden through ongoing enhanced
passive surveillance, cluster sampling, and outbreak investigation (Figure 1).
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3. Objectives

3.1 Primary objective

The primary objective is to estimate the incidence and disease burden of pertussis in
children under 5 years of age during periods of low to high (outbreak) disease activity.
This will be achieved by a modular approach using three methodologies:

• Ongoing enhanced passive surveillance. Reporting of pertussis will be
enhanced as an ongoing approach, integrated with other clinical activities, and
will establish/reinforce infrastructure for continued surveillance after
completion of the study. Enhancement is achieved through study personnel
actively engaging the interest and perseverance of facility personnel and
facilitating the communication of specimens and information including feedback
of results and reports to personnel. Enhanced passive surveillance will occur
in a geographically defined area thought to be representative of the larger
region or country.

Figure 1: Estimating the burden of pertussis

Community-based 
surveys through cluster 

sampling

Enhanced surveillance

Outbreak 
investigation

To more precisely estimate
incidence during intense activity
levels and evaluate outcomes
(hospitalization/death)

Periodic community-based, to verify
or refine enhanced surveillance
findings and estimates at community
level and quantify associated
margin of error or reporting ratio

Facility-based & ongoing to identify
trends in incidence during low  and
outbreak activity levels and
establish self sufficiency in ongoing
monitoring
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• Community-based surveys through cluster sampling. This periodic,
community based surveillance activity will be undertaken during low to high
pertussis activity levels (i.e. at any phase of pertussis epidemic cycles).
Cluster sampling surveillance will verify the results of the enhanced surveillance
activities, provide a more precise, community-based estimate of pertussis
incidence, and provide accurate estimates of vaccine coverage.

• Outbreak investigation. This intensive, community-based surveillance will
be implemented periodically during times of highest pertussis activity identified
by enhanced, passive surveillance, cluster sampling or any other type of alert
from the health care or education systems. Outbreak investigation will provide
data on the burden of pertussis illness including morbidity and mortality.
As the most resource intensive activity, outbreak investigation should be
considered an occasional activity to obtain more detailed information rather
than the routine investigation of all outbreaks.

3.2 Secondary objectives

The secondary objectives are:

• to estimate the incidence, hospitalization and case fatality rates of pertussis in
infants less than 12 months of age;

• to estimate the efficacy of a single dose of pertussis vaccine (given on time) to
protect against death.
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4.1 Surveillance methodology

4.1.1 Enhanced, passive surveillance

4.1.1.1 Objective – enhanced passive surveillance

a) To identify trends in pertussis incidence during periods of low to high outbreak
activity levels and to provide a signal for outbreak investigation

b) To establish infrastructure for ongoing, routine pertussis surveillance

4.1.1.2 Rationale – enhanced passive surveillance

Pertussis evolves in 2–4 year cycles with seasonal variation during which periods of
sustained widespread transmission and outbreaks are followed by 2–3 years of low
incidence. Outbreaks start when the proportion of susceptible individuals in the
population reaches the epidemic threshold and the attack rate during such periods
provides an estimate of the worst case scenario. To properly estimate the burden of
disease in a population it is therefore critical to estimate the incidence both during
years of low incidence and outbreak years.

The objective of enhanced surveillance is to integrate pertussis surveillance into other
clinical activities occurring in a population. The nature of these existing activities
may vary by jurisdiction but are likely to be facility-based health activities such as
health care or immunization clinics or acute care centers (clinics or hospitals).
These pre-existing facilities will already be focal points for the population,
where children who are sick will be brought for diagnosis and therapy or where
children with early illness may be brought for other reasons (vaccination,
nutritional assessment, etc). By using pre-existing infrastructure, enhanced pertussis
surveillance can be undertaken with relatively small resource investment and more
intensive surveillance can be undertaken during periods of varying disease activity.
By correlating rates of activity derived from passive surveillance with more precise
estimates obtained by active investigations, an ongoing assessment of pertussis activity
may be achieved.

4.1.1.3 Reference population – enhanced passive surveillance

As deaths and severe disease occur mainly in infants and young children,
they constitute the population under surveillance. Expanding to additional cohorts
of age can be performed by collecting information, laboratory confirmation and
analysis for these cohorts, with added costs. These costs will be reduced by the
infrastructure developed for infants and young children.

4. Methods
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A well-defined area should be selected for the study, in which an adequate number
of children under five years of age are identified. The proposed population for
surveillance should be defined geographically. For the enhanced passive surveillance,
a community with few well-utilized sources of medical or health care, for example a
hospital, a well-equipped clinic, a vaccination or nutrition center and with few other
sources of such medical or health care, would be ideal. The number and type of
facilities selected will depend upon logistics and local feasibility. More than one
geographic area can be selected to achieve the necessary population; although this
may have the benefit of increasing diversity and being more representative of the
larger population, care must be taken to ensure that it does not introduce variability
in the collection of data. Evidence of good access to and utilization of the clinic(s) or
hospital(s) selected for the surveillance should be documented; a community-based
survey to assess health care seeking behavior for respiratory disease should be
undertaken if utilization information is not known. For example, in planning the
study, a retrospective record review of pediatric cases of pertussis in the health facility
or facilities (including outpatient cases, if registers are available) would be useful to
compare the number of cases with that expected for that size of population.
The chosen health facility (facilities) should be as far as possible representative – for
example, the largest teaching hospital in the country is unlikely to provide information
that is generalisable to the whole population.

4.1.1.4 Duration of the surveillance – enhanced passive surveillance

Passive surveillance activity would ideally be an ongoing process but should at least
occur over an entire pertussis cycle (3–5 years). Enhanced passive surveillance should
take place for at least the first 12–18 months to establish familiarity with the
methodology so that the surveillance becomes part of routine practice.

4.1.1.5 Needed size of the source population – enhanced passive surveillance

Enhanced passive surveillance is used to identify overall trends and outbreaks;
the size of the sample for enhanced surveillance is of less importance than that it be
representative of the larger population of the country or region for which inferences
on pertussis burden will be made. At a minimum, the sample size needs to be sufficient
to ensure that increased pertussis activity in a region is detected early and to precisely
estimate the attack rate during outbreak investigation (see section 3.1.3.3.3).
A population of children <5 years of age between 75 000–150 000 (total population
between 500 000–1 000 000) should suffice.

Of great importance for enhanced surveillance of pertussis is the frequency with
which children in the target population present to health care facilities for evaluation
of respiratory infection or for other reasons with concomitant respiratory tract
symptoms. In the first five years of life children have an average of between 3 and
9 respiratory tract infections each year including infections caused by respiratory
syncytial virus, parainfluenza viruses, rhinoviruses, coronaviruses, influenza viruses,
adenoviruses, and Mycoplasma pneumoniae. Most of these are upper respiratory
infections although many are associated with cough. Although symptoms last between
7 and 14 days, improvement by day 7 is typical. In contrast, symptoms associated
with B. pertussis infection persist longer with the cough still increasing in duration
and frequency after the first week. Respiratory infections with these characteristics
would be expected to occur at a much lower frequency, perhaps at a rate of
1–2 episodes per child per year; however a relatively low proportion of even these
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more severe respiratory infections will reach a health care facility. With a population
of 100,000 children under 5 years of age, one can estimate 100,000-200,000 such
illnesses annually with perhaps between 1 to 10% (1000-20,000) seeking evaluation
at a health care facility. Reporting these cases as suspect pertussis and laboratory
sampling a proportion (no fewer than 1000 samples per year that can be adjusted up
or down depending on preliminary results) should permit a signal of increased
pertussis activity to be detected.

4.1.1.6 Case Ascertainment – enhanced passive surveillance

All children presenting to designated sentinel surveillance facilities (hospitals,
health or medical clinics, immunization clinics) who meet a suspect pertussis case
definition (section 3.2.1) should be reported. Laboratory confirmation of pertussis
should be attempted on at least 10–20% of cases. Depending on the infrastructure
available at the designated facilities, selection of cases for laboratory confirmation
may vary but should not be based on the degree of clinical suspicion of pertussis.
Options would include specimen collection on all suspect cases at a given facility on
a given day (for example, every Monday at facility A, every Tuesday at facility B,
etc.), or all specimens submitted between 0900 and 1200 hours at all facilities, or the
first 10 cases each week, or with a randomization list. Care should be taken to ensure
that the sampling pattern across facilities is sufficiently diverse so that itself does not
introduce a sampling bias. Other options include submitting samples for pertussis
diagnosis on respiratory specimens being collected for other respiratory infections
such as respiratory syncytial disease (RSV) should enhanced RSV surveillance be
implemented within a jurisdiction (see WHO Generic Protocol for Estimating the
Burden of Disease from Respiratory Syncytial Virus).

4.1.1.7 Specimen collection and laboratory support – enhanced passive
surveillance

Specimens should be collected from designated suspect cases and processed for
detection of B. pertussis (see section 3.3). Designated surveillance sites should
have the capability (supplies and personnel) to collect nasopharyngeal
secretions and prepare specimens for shipment to the reference laboratory facility
(Laboratory Manual for the Diagnosis of Whooping Cough Caused by
Bordetella pertussis/Bordetella parapertussis, World Health Organization, 2004).

4.1.1.8 Systems issues (communication and other resources) – enhanced
passive surveillance

The success of enhanced surveillance hinges upon the ability to incorporate surveillance
activity into routine activities existing in the facility. Initially, this will require ongoing
monitoring, communication and face-to-face interaction by study personnel with
local health care personnel (enhanced, passive, sentinel surveillance).
Ongoing feedback of laboratory and other information to clinicians and local public
health authorities is of utmost importance in demonstrating the utility of the
surveillance system. As the surveillance system matures, surveillance activities are
anticipated to become part of routine practice and communication activities will
need to be less intense and may be more centralized. At this stage, ongoing monitoring
of surveillance activity indicators will suffice (such as numbers and proportion of
reports and samples submitted by facility) and ongoing feedback (surveillance updates
and reports) may be sufficient to maintain interest and compliance.
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4.1.2 Community-based surveys through cluster sampling

4.1.2.1 Objective – community-based survey

a) To verify the results of the enhanced passive surveillance through community
based surveillance activity.

b) To provide a community-based estimate of pertussis incidence.

c) To estimate the proportion of pertussis cases that consulted and/or were
hospitalized

4.1.2.2 Rationale – community-based survey

Enhanced passive surveillance for pertussis necessarily underestimates the burden
of illness because in a population with a high level of familiarity with the disease or
lack of financial resources, cases may not present to health care facilities, particularly
in children over the age of 1 year and in the very young who do not survive to reach
medical attention or have an atypical presentation. Intermittent community-based
active investigation through cluster sampling will provide a mechanism for correlating
age specific incidence of pertussis presenting to health care facilities with the true
rates of disease in the community. Because these correlations may vary depending
on the overall incidence of pertussis during a 3–5 year pertussis cycle,
these community-based snapshots need to be taken during periods of low and high
(outbreak) pertussis activity. Community based surveys for pertussis like illness would
form the basis of these investigations. Cluster sampling has the added advantage of
being familiar to workers in developing countries who apply these methods to
immunization coverage estimation.

For added economy, vaccine coverage estimation could be conducted during the
same survey activities using sample size based on the more conservative estimate
(see section 5). Consideration should also be given to superimposing other disease
indicators of interest (such as all respiratory infections, other vaccine preventable
diseases). Sample size would again be derived to ensure adequate power to estimate
pertussis-like illness as the primary indicator.

4.1.2.3 Reference population – community-based survey

The population used should be in a well-defined geographic region that includes the
facilities undertaking sentinel surveillance. As with the population used for enhanced
surveillance, the population used for cluster sampling should be representative of
the larger population upon which pertussis burden will be inferred. Cluster sampling
methodology permits surveying from a larger population base than the enhanced
surveillance or outbreak investigations thereby validating the estimates derived from
these other methodologies.

A household-based, cluster sampling approach offers some improved efficiency over
simple random sampling. Because members of the same cluster may be more similar
than members of different clusters, the information obtainable from a cluster sample
may give a less precise estimate of the incidence than would a simple random sample
of the whole population. To compensate for this, the total number of individuals that
one should recruit into a cluster sample strategy is larger than the number that would
be required in a simple random sample strategy.
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4.1.2.4 Duration of the surveillance – community-based survey

Ideally, cluster sampling surveys should be done during periods of low, intermediate,
and high pertussis activity as signaled by the facility-based, sentinel surveillance.
Working definitions of pertussis activity might be no cases detected by enhance
passive surveillance (low activity), cases detected but not increasing (intermediate
activity), and epidemic year levels (high activity).

4.1.2.5 Needed size of the source population – community-based survey

Cluster sampling should be performed using standard methodology (World Health
Organization. The EPI Coverage Survey (WHO/IVB/04.23). Note: The WHO has
updated its conventional cluster sampling methodology for immunization coverage
assessment to allow greater flexibility and sensitivity to local needs. The WHO should
be consulted for these updates as they become available.) An Excel spreadsheet is
available for automatic and customized sample size calculation (see Annex A).
A technical section and a hypothetical sample size calculation accompanies this Annex
and explains the rationale for the recommended approach.

In the hypothetical example it is calculated that a sample of 46 clusters consisting of
30 infants each (survey of 1380 infants in households) will be sufficient to estimate
an age adjusted incidence of pertussis-like illness of 8% with a 95% confidence
interval and precision of ± 2%, regardless of how large the source population is.
(Of course for consistency the source population of infants must be at least large
enough to contain 46 clusters of 30 or more infants each.) Similar estimates can be
undertaken for other age cohorts within the households.

Note that a proportion of pertussis-like cases will be due to organisms other than
Bordetella pertussis. The sample size assumes that all pertussis-like illness is due to
pertussis; therefore, it may be necessary to further increase the sample size to capture
the incidence of pertussis-like illness actually due to B. pertussis.

4.1.2.6 Case Ascertainment – community-based survey

Inquiry for cases meeting the clinical case definition of pertussis (section 3.2.2) as
reported by the primary care giver(s) would focus on illness onset within the preceding
12 months.

4.1.2.7 Specimen collection and laboratory support – community-based
survey

Any cases identified by this method with onset within 4 weeks of conducting the
survey would be subject to laboratory confirmation by culture or PCR (section 3.3).
Laboratory evaluation is particularly important since other pathogens can mimic
pertussis-like illness; it will be important to gauge the extent of this misclassification
error in interpreting survey results. An estimate of the misclassification can be obtained
by determining the proportion of cases with laboratory confirmation within four
weeks of the survey and applying this correction to the overall number of cases
identified to the entire three month period.
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4.1.2.8 Systems issues (communication and other resources) –
community-based survey

Surveys should be undertaken by trained community workers under the supervision
of the study coordinator. Close liaison is required between community workers,
the coordinator, and health care facilities and personnel for evaluation and treatment
of identified suspect cases of pertussis. In addition, there will need to be close
communication with personnel involved with immunization activities to follow up
children identified in the survey as unimmunized or behind in their recommended
immunizations.

4.1.3 Outbreak investigation

4.1.3.1 Objective – outbreak investigation

a) To obtain estimates of the highest incidence rates of pertussis in children under
5 years of age

b) To estimate case fatality rates in this age group

c) To estimate vaccine efficacy of a single dose of pertussis vaccination against
death.

4.1.3.2 Rationale – outbreak investigation

Pertussis outbreaks occur in all populations but their size varies with vaccine coverage,
the effectiveness of the vaccine, the density of the population and rate of interpersonal
contacts. Outbreaks generally last less than six months and can be very explosive in
situations where the density of the population and the rate of interpersonal contacts
are highest and coverage lowest, like in refugee camps. While transmission is
continuous in large cities, it can be absent for years in villages and remote populations.
In those latter populations, outbreaks affect a broader age range.

As contagiousness of pertussis is maximal during the catarrhal phase and pertussis
characteristic symptoms only occur 1–2 weeks later, pertussis outbreaks in the
community will generally have been ongoing for a number of weeks before they can
be identified and the investigation started. The investigation should start as soon as
possible after an outbreak has been identified. For ethical purposes, an intervention
to increase the vaccine coverage and to ensure appropriate antimicrobial treatment
of cases should be coupled to the outbreak investigation. While investigation may be
carried out by unskilled staff, vaccination requires trained health care workers.
Therefore, although vaccination may decrease the attack rate, its impact may be
limited because of all the delays before it will be provided and because at least two
doses with a minimal interval of one month between each dose are required to properly
protect children.
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4.1.3.3 Study design to estimate pertussis attack rates

4.1.3.3.1 Reference population – to estimate attack rates

A well-defined geographic area should be selected for the study, in which an adequate
number of children under five years of age are identified (see needed size of the
source population). To be able to estimate attack rates, a reference population should
have or be in position to provide age-specific population data per year of age for
children under 5 years of age. Populations with an accurate pre-outbreak census of
children 0 to 5 years of age are ideal but might be unusual. The basis of this census
may be the registry of all living births during the past five years, updated for migratory
movements and deaths. In absence of a pre-outbreak census, one of the first tasks of
the study staff should be to establish one (WHO. Generic Protocol to Estimate the
Burden of Shigella Diarrhoea and Dysenteric Mortality, WHO/V&B/99.26).

4.1.3.3.2 Duration of the investigation – to estimate attack
rates

The duration of the outbreak investigation should be 5–6 months or until other
indicators suggest the outbreak has terminated. While the onset of disease in cases
has to have occurred during this period of time, symptoms may last for weeks or
months after the investigation ended.

Outbreaks can happen at any time, but the local seasonality pattern of pertussis
could help in defining the investigation period.

4.1.3.3.3 Needed size of the source population – to estimate
attack rates

The precision of the estimate of the attack rate will vary with the frequency of the
disease and the sample size. During an outbreak, the attack rate in 0–5 year old
children can vary from 5% to 40%. As demonstrated in Table 1, the population size
needed to estimate the attack rate with a reasonable precision can be relatively small.
A source population of 2000 would be sufficient to give a precision of ± 5.5% if the
attack rate is 40% and ± 3.4% if the attack rate is 10%.

The size of the source population has been calculated assuming that all cases will be
identified. It should be increased if only a fraction of all cases are identified.
The updated size can be calculated dividing the initial sample size by the assumed
fraction of identification. For example, if in the initial source population of 2000 the
study team estimates that 75% of pertussis cases will be identified, the source
population should be increased to 2666 (2000/75%).
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Table 1: Precision of the attack rate estimate
by population sizes and attack rates.

Approximate size Number of children Attack rate
of the source <5 years
population (15% source 5.0% 8.0% 10.0% 20% 30% 40%

population)
670 100 +4.3% +5.3% +5.9% +7.8% +9.0% +9.6%

1340 200 +3.0% +3.8% +4.2% +5.5% +6.4% +6.8%

2000 300 +2.5% +3.1% +3.4% +4.5% +5.2% +5.5%

3300 500 +1.9% +2.4% +2.6% +3.5% +4.0% +4.3%

6700 1000 +1.4% +1.7% +1.9% +2.5% +2.8% +3.0%

13 300 2000 +1.0% +1.2% +1.3% +1.8% +2.0% +2.1%

4.1.3.3.4 Case ascertainment – to estimate attack rates

Because both the disease and the lack of effective treatment are well known in the
community, the proportion of children with pertussis that seeks medical advice is
low [Preziosi 2002]. Therefore, in outbreak investigation, the detection of suspect
cases of pertussis or related severe outcomes should be based on active investigation
at the community level.

After official approval of the investigation at the different levels, information about
the aim of the investigation and training and supervision at these levels are necessary
to ensure good participation and timely detection of cases. Community participation
in the study should be sought to increase the likelihood of case ascertainment and the
ability to obtain the appropriate samples from children with pertussis.

Assuming a 5–6 month outbreak and that the outbreak will already be ongoing for a
couple of months before the investigation starts, data collection four times at a one
to two month interval should generally be sufficient to cover the outbreak period.

The initial collection of data would require the most effort as it would serve,
if necessary, to establish a census of children in the targeted age group, to determine
the vaccination status of each child and to seek pertussis cases whose symptoms
began during the outbreak period. Community education about pertussis,
its manifestations should also occur at this time with instructions on how and to
whom to report suspect cases in a timely fashion. Vaccination status of children will
be assessed by inspection of the vaccination card and by interview of the caregiver.
Any child identified during the survey who is eligible for vaccination should be
referred to a local health facility for vaccination. If the vaccination intervention is
not done concomitantly with the first round, a copy of the census should be used to
prepare a database which would include each infant and the immunization status.
These data will be necessary for the analysis.
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Identification of potential pertussis cases should be facilitated by the facts that pertussis
is long-lasting and can be detected over a window of approximately three months
and because the disease may be known by the local population. When potential cases
are reported, thorough investigations should be conducted. When cases that meet
the suspect case definition of pertussis are detected at the community level by the
field worker, appropriate evaluation and specimen collection should be undertaken.
The coordinating physician or a delegate should see the child either at the medical
facility or with a home visit in order to initiate treatment and prophylactic measures
as indicated with physician or whatever and notification as well. Other household
members should be evaluated, particularly those at highest risk of severe disease
(other infants in the household, mothers with cough illness, pregnant women nearing
term). Data and specimens to confirm pertussis should be collected for each suspected
case (see case report form, Annex B). Information collected should include date of
onset of cough, age (or preferably date of birth), reconfirmation of immunization
status, duration of cough, medical consultation, hospitalization and severe outcomes
(e.g. deaths). The field worker will further survey the neighborhood for other cases.
Caregivers will be asked to notify the field worker as soon as possible if their child
develops pertussis symptoms between rounds. These children should be investigated
by the field worker and the coordinating physician if required and specimens collected.
If the number of notifications is high, it may be useful to consider a shorter interval
between the rounds.

During the second and the third round, field workers will seek the presence of
pertussis symptoms in each child listed in the first round census. This could either be
done directly with the parents of the child or through a network of information
providers (e.g. community leaders, midwifes) who will assess information directly
from the parents. For each suspected case, the field worker should collect data and
specimen in the same way as in the first round. Field worker will also recontact cases
identified in previous rounds to collect data on duration of cough, medical
consultation, hospitalization and final outcomes (e.g. full recovery, partial recovery,
or death).

The fourth round should be conducted two months after the third. Its purpose is to
assess the duration of cough, medical consultation, hospitalization and severe
outcomes (deaths) in cases identified in previous rounds whose symptoms were still
ongoing after the third round.

The area and number of included children under scrutiny by each field worker will
be best defined according to the local context. Field workers should be trained to
report suspect cases according to the case definition. Training of health workers in
local health facilities to be able to recognize pertussis syndrome should be
standardized and may use training tools like video records and movies (a list of
resources is found in Annex C; training video clips are available from WHO).
Training should also consider standard recommended treatment and prevention for
cases and contacts. Supervision by an experienced physician should be ensured
throughout the study to monitor case ascertainment, diagnosis, and treatment.
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All deaths occurring in study population during the study period should be recorded
by the field worker on the case report form (Annex B). Pertussis related deaths can
be difficult to identify in children who never consulted health care facilities.
To enhance the classification post mortem investigation should be carried out
wherever possible.

4.1.3.3.5 Specimen collection and laboratory support –
to estimate attack rates

Collection of specimens for laboratory confirmation of pertussis should be sought in
all potential cases identified within the previous month. Specimens should be collected
and processed as outlined in section 3.3.

4.1.3.3.6 Systems issues (communication and other resources) –
to estimate attack rates

This phase of surveillance activity demands the most resources (both human and
consumable). A network of study workers is required including those with capability
of data collection (field workers) and those with health care training (to evaluate,
diagnosis, treat, and immunize). Depending on local requirements, the latter may be
associated with the existing health care infrastructure (doctors, nurses, or health
workers); however, depending on the size of the outbreak, these resources may become
over extended and study personnel with these capabilities may be required.
The importance of careful attention to communication with the routine health
infrastructure cannot be over emphasized.

4.1.3.4 Study design to estimate case fatality rates

4.1.3.4.1 Rationale – to estimate case fatality rates

As pertussis deaths are rare and difficult to detect, the study design is aimed at
maximizing detection of those deaths.

The study design includes two components. First a series of cases and deaths identified
in one or more major hospitals. The case fatality rate in this series of hospitalized
children will overestimate the case fatality rate in the source population as most
severe cases are more likely to be hospitalized than milder ones. Therefore, as a
second component of the study, a control group identified by cluster survey will
estimate the AR of pertussis in the source population. It will then be possible to
estimate the total number of cases that will serve as the denominator to estimate the
hospitalization rate and the CFR in the source population. Pertussis deaths in the
community that do not come to the hospital may provide a downward bias on
the CFR estimate; however, an estimate of this bias may be obtained by the
community-based cluster sampling which will allow some correction of the estimate.
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4.1.3.4.2 Reference population – to estimate case fatality rates

A well-defined geographic area should be selected for the study, in which an adequate
number of children under five years of age are identified (see needed size of the
source population). This area should be served by hospitals where the local population
readily consults when infants are very sick. This or these hospital(s) are the core
facilities for this study. If the proportion of very sick and/or dying infants hospitalized
in these hospitals is low, the size of the source population will have to be adjusted
accordingly.

4.1.3.4.3 Duration of the surveillance – to estimate case fatality
rates

The duration of the surveillance period in an outbreak investigation should be
5–6 months. While the onset of disease in cases has to have occurred during this
period of time, symptoms may last for weeks or months after surveillance ended.
While outbreaks can happen at any time, pertussis has a seasonality pattern that
could help in defining the surveillance period.

4.1.3.4.4 Needed size of the source population – to estimate case
fatality rates

a) Case series

The precision of the estimate of the case fatality rate will vary with the observed
CFR and the sample size. Deaths mainly occur in children < 12 months of age.
An overall CFR of 1% in children under 5 years of age corresponds to a 4% CFR in
children < 12 months of age assuming they contribute to 80% of the deaths. Assuming
a 10% attack rate in 0–4 year old children during an outbreak, the size of the source
population has to range between 35 000 and 1.2 million people (Table 2). The most
critical factor to obtain a reasonable precision is the number of pertussis deaths.
As can be seen in Table 1, settings that can identify 20 or more pertussis deaths
would be adequate to conduct the case series part of this study. As major hospitals
are often reference centers, only deaths in children living in the source population
should be included.

The size of the source population has been calculated assuming that all deaths will be
identified. It should be increased, if only a fraction of all deaths are identified in the
participating hospitals. The updated size can be calculated dividing the initial sample
size by the assumed fraction of reporting. For example, if in the initial source
population of 200 000 the study team estimates that 75% of pertussis deaths will be
identified, the source population should be increased to 270 000 (200 000/75%).
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Table 2: Population size needed to estimate a 0.5%–2% CFR in children
assuming an outbreak with an attack rate of 10% and that 15% of the

population is under 5 years of age.

CFR Precision Number of Number of Approximate Approximate
pertussis pertussis number of size of the

cases deaths children under source
5 years of age population

2 % ±0.5% 3012 60 30 000 200 000

± 1.0% 753 15 7 500 50 000

± 2.0% 188 4 2 000 12 500

1 % ±0.25% 6085 61 60 000 635 000

± 0.5% 1521 15 15 000 160 000

± 0.75% 676 7 7000 70 000

0.5% ±0.125% 12232 61 125 000 815 000

± 0.25% 2920 15 30 000 200 000

± 0.5% 730 4 7300 50 000

0.25% ±0.0625% 24525 61 250 000 1 600 000

± 0.125% 6131 15 60 000 400 000

± 0.25% 1533 4 15 000 100 000

b) Cluster sampling in the source population

The cluster sampling survey should be powered to identify at least 100 cases.
The method is described elsewhere in the protocol. Assuming a 10% AR,
1000 children would need to be surveyed to obtain the 100 cases. With 100 cases,
the precision of a 5% hospitalization rate would be ±4.3%, ±2.7% with 2% and
±2.0% for 1%.

4.1.3.4.5 Case ascertainment – to estimate case fatality rates

a) Case series

After official approval of the study by the hospital authorities, information about the
aim of the study and training and supervision at the pediatric ward levels are necessary
to ensure sensitive detection of cases. All children less than 5 years, hospitalized
with pertussis-like symptoms should be evaluated for pertussis, appropriate specimens
should be collected to confirm the diagnosis and the vaccination status be assessed.
Nosocomial cases should be excluded from the final analysis because they are not
representative of the community spread of infection. Vaccination status of children
will be assessed by inspection of the vaccination card and by interview of the
caregiver. When incomplete, recommendation for catch-up will be given to the
caregiver. A full time study nurse should evaluate all newly admitted cases for possible
pertussis during the remaining time of the outbreak period. Information collected
should include date of onset of cough, age (or preferably date of birth), immunization
status, duration of cough, medical consultation, duration of hospitalization and
occurrence of severe outcomes (e.g. pneumonia or deaths).
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b) Cluster sampling

The cluster sampling methodology has been explained elsewhere (see section 4.1.2.5).
When a living suspect case of pertussis is detected by a field worker), a the
coordinating physician or delegate should see the child either at a medical facility or
with a home visit in order to confirm or reject the case, and to initiate treatment and
prophylactic measures as indicated. Data and specimens to confirm pertussis should
be collected for each suspected case. Information collected should include date of
onset of cough, age (or preferably date of birth), reconfirmation of immunization
status, duration of cough, medical consultation, hospitalization and outcome
(including deaths). For suspect cases that have already died, a verbal autopsy should
be performed in an attempt to determine the likelihood of it being a case of pertussis.

Suspected cases whose symptoms are present at time of the survey, should be revisited
two months later to assess the duration of cough, medical consultation, hospitalization
and severe outcomes (deaths).

4.1.3.4.6 Specimen collection and laboratory support –
to estimate case fatality rates

Collection of specimens on all hospitalized cases should be attempted.
Specimens should also be collected from all fatal cases if an autopsy is performed.

4.1.3.4.7 Systems issues (communication and other resources) –
to estimate case fatality rates

Systems and communication issues are similar to those described in section 3.1.3.3.6.

4.2 Case definition

4.2.1 Suspect cases

A suspect case of pertussis is defined as:

• non improving cough of 14 days or more

• cough of any duration with paroxysms

• cough of any duration with whoop.

4.2.2 Clinical case definition

A case diagnosed by a physician; or a person with cough lasting at least two weeks
with at least one of the following:

• paroxysms (i.e. fits) of coughing

• inspiratory “whooping”

• post-tussive vomiting (i.e. vomiting immediately after coughing) and without
other apparent cause.
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4.2.3 Laboratory criteria for diagnosis

• Isolation of Bordetella pertussis or detection of genomic sequences by PCR or
positive paired serology.

4.2.4 Case classification

Should be performed irrespective of vaccine status, i.e. also for fully vaccinated
children

Probable case: A case according to clinical definition.

Confirmed case: A probable case (or a person with any cough) confirmed by
laboratory or by epidemiological link with a confirmed case.
An epidemiological link will be defined as a household
(or other closed setting) contact within 21 days before or
after onset of cough of the confirmed case.

Possible case: A case ascertained by field worker based on mother’s
declaration. If retrospective assessment then it should be
within 3 months.

Pertussis death: Can be classified as possible, probable, and confirmed.
Any death occurring within 3 months after onset of disease
among cases (possible, probable, confirmed). Any deaths
occurring among infants in compounds (households) where
cases occur, without other apparent cause of death.

Analysis of the data should be undertaken using the different case classifications.
The confirmed case definition will provide the highest specificity but the lowest
sensitivity whereas the possible cases definition will be the most sensitive but least
specific; probable cases will provide an intermediate estimate. Taken together,
the analyses performed with the different definitions will provide a range of incidence
estimates.

4.3 Laboratory procedures

Pertussis presenting with classical symptoms of paroxysmal cough with post-tussive
vomiting and whoop is unlikely to be misdiagnosed. However, pertussis in infants
often presents without classical signs or symptoms. Thus, for accurate estimation of
the disease burden of pertussis, it is essential to ensure that there is infrastructure
capable of laboratory confirmation. Given the nature of the optimal surveillance
population, a centralized laboratory facility with satellite specimen collection centers
may be ideal. Specialized laboratory procedures could be performed at a reference
laboratory distant from the study area. Detailed laboratory procedures can be found
in the World Health Organization Laboratory Manual for the Diagnosis of Whooping
Cough Caused by Bordetella pertussis /Bordetella parapertussis, WHO/IVB/04.14.
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4.3.1 General laboratory procedures

Although Bordetella pertussis is a highly contagious pathogen and is easily transmitted
to susceptible individuals, laboratory acquisition of infection is uncommon.
However, other pathogens including hepatitis B and human immunodeficiency
virus (HIV) can be transmitted through blood contaminated specimens.
Therefore, care should be taken in the collection, handling, and processing of
potentially infectious specimens. Universal precautions should be used for handling
all potentially infectious secretions.

4.3.2 Specimen collection

The optimal specimen for the isolation of B. pertussis is a nasopharyngeal culture;
higher rates of isolation are obtained using an aspirate compared to a swab
[Hallander 1993]. Nasopharyngeal aspirates are obtained by passing a fine,
flexible plastic catheter connected to a 10 ml syringe through the nares into the
nasopharynx and then withdrawing the catheter while exerting gentle negative
pressure on the syringe plunger.

4.3.3 Specimen processing and transportation

For culture of B. pertussis, care must be taken to ensure that the specimen does not
dry out (B. pertussis is extremely sensitive to drying). For specimens collected at the
central laboratory facility, the catheter tip (still attached to the syringe) can be inserted
into a sterile container and transported directly to the laboratory where it should be
rinsed with 0.5 ml of phosphate buffered saline) within two hours of collection.
For specimens obtained at facilities distant from the central laboratory
where processing cannot be completed within 2 hours, the catheter rinsing should
be done at the collection site and the catheter rinse placed into a small vial
(see WHO Laboratory Manual for the Diagnosis of Whooping Cough Caused by
Bordetella pertussis/Bordetella parapertussis and an instructional video available from
the WHO). The vial can be transported at moderate ambient temperature (20–25ºC)
if the time will not exceed 6 hours or should be transported on an ice pack for up to
24 hours.

If transportation times will exceed four hours and it is logistically impossible to
provide cold transportation, reliable culture of B. pertussis will not be possible and
laboratory confirmation will be restricted to polymerase chain reaction (PCR).

If PCR will be performed at the central facility, the material from the catheter rinse
can be stored at <-20ºC and assayed in batches. If a reference laboratory is to be
used for PCR, specimens should be shipped frozen, if feasible. If frozen shipment is
not possible or if cold shipment to the laboratory from the collection site was not
possible, shipment of dried secretions on filter paper should be performed (see methods,
Annex D).
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4.3.4 Culture for B. pertussis

Nasopharyngeal aspirate catheter rinses should be cultured for B. pertussis as soon
as they are received by the laboratory. Suspicious colonies should be selected and
confirmed as B. pertussis. If feasible, aspirates and isolates should be stored frozen
(see WHO Laboratory Manual for the Diagnosis of Whooping Cough Caused by
Bordetella pertussis/Bordetella parapertussis) for future studies, particularly molecular
epidemiology, to assess the match of the circulating strains to vaccine strains, monitor
for changes in circulating strains, and assessment of antimicrobial sensitivity.

4.3.5 Polymerase chain reaction (PCR)

PCR is more sensitive than culture for identification of B. pertussis and may provide
advantages where cold chain maintenance of the collected specimen cannot be
assured. PCR can be done using dried secretions from the nasopharyngeal aspirate.
Because of the high sensitivity of PCR, care must be taken to ensure that cross
contamination of specimens does not occur either at the collection site or in the
laboratory. Several primers have been used worldwide; there is no international
consensus on specific primers or on methodologies. A sample method using dried
secretions is provided in Annex D; however, other validated methods
(World Health Organization Laboratory Manual for the Diagnosis of Whooping
Cough Caused by Bordetella pertussis/Bordetella parapertussis) are acceptable
(see section 4.2 for quality assurance).

4.3.6 Post-mortem examinations

Whenever possible, a post-mortem examination should be performed on all infant
deaths within the surveillance area and specimens of the nasopharynx and lung take
for culture and PCR for B. pertussis. Where local customs do not permit this to
occur, epidemiological post-mortem examinations should be performed. In this
situation, a verbal autopsy should be done gathering information on clinical symptoms
in the infant with particular emphasis on cough, apnea, and pneumonia.
Epidemiological confirmation should be sought by inquiring about symptoms of
pertussis or cough illness in household members or close contacts and by taking
nasopharyngeal specimens from these contacts for culture and PCR. Consideration
can be given for use of serology in these contacts (using a reference laboratory that
can assay IgG and IgA antibodies against pertussis toxin). A sample data
collection form for the verbal autopsy that would need to be field validated
for pertussis is available from INDEPTH-NETWORK and can be accessed at
http://www.indepth-network.net/core_documents/indepthtools.htm.
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4.4 Documentation

4.4.1 Case report form

A standard case report form should be developed. A list of the type of information to
include is provided here, and a sample form is included in Annex B.
Suitable scripted questions will need to be formulated and be pretested along with
the CRF.

4.4.1.1 Demographic data

Id Number date of form completion investigator ID
Village / town street
Date of birth /age gender
Breastfeeding (for children under 2 years old)
Health facility

4.4.1.2 Clinical data

The clinical data collected should include the minimum data standards as outlined in
the4 WHO-Recommended Standards for Surveillance of Selected Vaccine-
Preventable Diseases. A more complete clinical data set will permit a more in-depth
assessment of pertussis severity of illness and disease burden.

Date of onset of cough
Date of end of cough if relevant
Paroxysms Observed / Reported
Whoop
Post-tussive vomiting
Apnea
Conjunctival hemorrhage
Complications

Pneumonia
Seizure
Encephalopathy
Weight loss
Hospitalization (duration)
Intensive care
Death

Treatment received
Type dose duration

Possible source of exposure
Home
Extended family outside household
Other; specify
Unknown
Was the possible source a laboratory-confirmed case?

Other children at risk (<5 years especially unvaccinated) in the household? Is mother
due to deliver in next few weeks?
When available: weight (kg) height (cm) arm circumference (cm)
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4.4.1.3 Laboratory results

Nasopharyngeal aspirate/swab yes/no
culture result
PCR result
Serology result

Epidemiological linkage to a laboratory confirmed case

4.4.1.4 Vaccine history

Date and dose number of pertussis containing vaccines; indicate whether immunization
history is verbal or documented

Place of vaccination
Symptomatic contacts

age relation to case date of first onset vaccine status
probable/possible/confirmed case

4.4.2 Logbooks

Standardized logbooks should be used for recording individuals investigated for
pertussis but for whom CRF’s were not indicated (screening logs), for recording of
specimens submitted to the laboratory (laboratory logs) and for shipping and receiving
specimens, CRF’s, and supplies (shipping logs). Sample forms are provided in Annex
B but will need field testing in a given study area.

4.5 Data management and analysis

Case report forms should be processed on site. Monitoring of data is essential to
ensure good quality. CRF’s should be scrutinized by an on-site monitor as soon as
they are completed to ensure all data elements were completed. Data should be double
entered into a study specific database with appropriate edit checks to detect out of
range values. A standard EpiInfo data entry database with fields corresponding to
the data specified in the protocol is available at WHO. If necessary it may be translated
on-site and adapted to fit local circumstances. Data queries should be sent to the
field worker for completion of any missing data elements or for correction of out of
range values; specific data query forms should be used to provide an audit trail of
any changes to the CRF (Annex B).

A separate database can be established for the results of the laboratory tests;
care should be taken to ensure that the databases can be linked through the unique
study identifier to facilitate later analysis. Selection and creation of the database
should ensure easy integration with the statistical software selected for the analysis.

Data analysis to estimate the burden of illness should be performed using confirmed
cases and confirmed + probable cases.

Attack rates should be calculated as:

Attack ratesconfirmed = casesconfirmed/total population

Attack ratesconfirmed+probable = cases confirmed+probable/total population
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Attack rates should be calculated by year of age and by number of pertussis vaccine
doses received. Doses received less than 15 days before the onset of disease will not
be counted as valid doses.

Case fatality rates (CFR) should also use both confirmed and confirmed+probable
cases.

CFRconfirmed = deathsconfirmed /casesconfirmed

CFRconfirmed+probable = deathsconfirmed+probable/casesconfirmed+probable

The confidence interval around these proportions (AR and CFR) should be calculated.

Vaccine effectiveness of one dose of pertussis vaccine to prevent death is calculated
in the following manner. The calculation of VE is based on a case control approach.
A three by two table should be prepared. Cases will come from the case series of
deaths that will be distributed in the three following categories: unvaccinated, one
dose, all others (includes cases with an unknown vaccination status) (see Table ).

Unvaccinated Vaccinated – one dose All others
Cases

Controls

Controls will be selected from the subjects included in the cluster survey. For each
case, one or two age-matched control (± 1 week of age) will be selected.
The vaccination status of the case and the control will be assessed at the date on
onset of pertussis in the case. Estimation of the risk of death for unvaccinated children
as compared to vaccinated ones will be done by a matched odds ratio analysis.
The vaccine efficacy (VE) can then be estimated as

VE = (1 – OR vaccinated 1 dose/unvaccinated) X 100% (Orenstein 1985).

4.6 Personnel and responsibilities

4.6.1 Field surveillance

4.6.1.1 Health facilities

At the health facility level where the coordinating physician will be based, generalized
information should be provided to the different personnel. Those specifically in charge
of detection of cases (day care, hospitalization) should be trained in standardized
methodology for case ascertainment, diagnosis, laboratory procedures, treatment
and completion of the case report form (information on vaccination status and the
way to handle missing vaccination cards). Information delivered to the parents about
the study should be written down and standardized. Type and cost of treatment
(or free access) should also be standardized.
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4.6.1.2 Community based surveillance

Field workers preferably from the study area and fluent with the local language if
relevant should be well accepted by the population and chosen after advertised
selection to insure credibility. Training should be based on a written handbook of
procedures that they will annotate and maintain updated. In more and more places,
even rural remote areas, mobile phones are available and their use for contact with
the coordinator can be balanced with expected cost.

4.6.2 Coordinator/supervisor

The coordinator/supervisor should be a physician and when possible a pediatrician.
He/she will be in charge of overall monitoring of the study, i.e. staff management ,
provisional supplies for lab diagnostic and treatment/vaccinations, cold chain facility.
Regular meetings including personnel at the clinic and at the community level should
be instituted, and a summary of key issues should be added to the study handbook.
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5.1 Field surveillance

Adequacy of field surveillance should be continuously monitored using standard
measures including the proportion of clinical cases for which laboratory specimens
are sent for confirmation, the proportion of clinical cases confirmed by laboratory
tests, the proportion of suspect cases for which laboratory specimens were obtained,
the proportion of probable and confirmed cases with information on vaccine history
and duration of cough, the median interval between onset of cough and notification
of a case (visit in the compound/household) and interval from visit in the household
to visit in the clinic for evaluation [Centers for Disease Control and Prevention
1999].

5.2 Laboratory surveillance

Evaluation of all laboratory facilities and procedures should be undertaken prior to
initiating surveillance. This includes evaluation of the ability to ship specimens and
isolate/identify B. pertussis after shipment, and to consistently isolate/identify known
positive specimens. Once surveillance is initiated, laboratory proficiency should be
monitored and tested at least twice yearly for the four year surveillance period.
This would include sending blinded test positive and negative specimens through the
system and evaluating the laboratory’s ability to correctly identify the specimen.

In addition to these internal controls, laboratory quality assurance should include
confirmation of positive and negative tests. This should be accomplished by having a
proportion of specimens evaluated by an independent reference laboratory.

5. Monitoring the quality of the
surveillance system
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Knowledge of vaccine coverage for the age group of interest is important in
determining the sample size and source population for disease surveillance regardless
of the surveillance indicator selected. Existing administrative databases can be
consulted including vaccine budget expenditures, vaccine distribution volumes and,
in optimal settings, registries of immunized children. Typically, however,
these databases will need to be supplemented by methods that provide more precise,
up-to-date and reliable age and dose-related coverage estimates. Existing vaccine
coverage surveillance systems should be examined to determine whether or not they
are adequate for the purposes of this study. If they are not, vaccine coverage data
will need to be generated.

Surveys using simple random sampling of a population are generally not suitable:
accurate lists of children can rarely be obtained or constructed and the travel required
to visit children who have been randomly selected and who may therefore be widely
dispersed across a population is both costly and time-consuming [Lemeshow 1985].
Instead, the Expanded Programme on Immunization (EPI) advocates a modified
“probability proportionate to size” (PPS) cluster sampling procedure for
immunization coverage estimation in developing countries that offers economy by
grouping individuals [Lemeshow 1985].

We recommend an “m-by-n” cluster sampling scheme (m clusters of n infants each:
Annex A) that could be used if estimation of pertussis-like illness incidence is to be
superimposed on vaccine coverage estimation. If this approach is used,
sample size should be driven by the most conservative estimates for precision or
power (i.e. the larger sample size requirement for disease and/or vaccine coverage
estimation) and based additionally on any subgroup comparisons that may be wanted).

Refinements can be made to the 0–11 month and/or 12–23 month coverage survey
training manual (WHO, The EPI Coverage Survey). The advantage of superimposing
on the 0–11 month maternal survey is that recall is likely to be greater amongst
mothers and more up-to-date, timely and specific dose-related information can be
obtained; although refinements, including the source population to be surveyed,
are greater. Given the current EPI schedule, surveying is optimal within this age
group. Alternatively, more basic alterations can be made to the 12–23 month EPI
Coverage Survey tool, but these alterations will not provide the optimal level of
detail related to very young infant immunization.

6. Estimating vaccine
coverage
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The following refinements to current EPI Coverage Survey clusters targeting children
could be undertaken to generate pertussis immunization coverage estimates that
may or may not be performed in conjunction with cluster sampling to estimate disease
rates:

6.1 0–11 months of age

When conducting a survey of maternal tetanus toxoid coverage, additional
information can be collected on immunization coverage (documented by card
and/or elicited by history) for the identified children in the household who are
2–11 months of age including DPT#1, DPT#2 and DPT#3 to be specified according
to EPI Coverage Survey designation (“Date/+/0”). For added economy, information
on BCG and OPV uptake could also be recorded. From this information, it would be
possible to derive summary statistics including the number and proportion of children
2–11 months of age within the population who were appropriately DPT immunized,
by card and by history (i.e. one dose by 2 months, two doses by 3 months and three
doses by 4 months of age if EPI schedule or otherwise according to country-specific
schedule).

For summary statistics, identified children could be classified as being (a) 2–5 months
of age or (b) 6–11 months of age (or alternate groupings if the EPI schedule is not
followed). The number and proportion of children within these age categories who
had received one, two or three doses of DPT can then be summarized. Immunization
coverage estimates for finer age categories can be sought, but a larger population
base would be required to obtain the necessary number of children within each
of these strata. Proposed modifications to the current EPI Coverage Survey
0–11 form that would allow these derivations are attached as Annex E.

Where maternal tetanus toxoid coverage surveys are not currently being conducted,
this form can be used as a stand-alone tool but this would then require separate
investment in the infrastructure required to conduct the survey. If immunization
coverage surveys are not otherwise being conducted, investment in this approach is
recommended over the one cited below.

6.2 12–23 months of age

If the above 2–11 month method is considered prohibitive, superimposing on the
current 12–23 month EPI Coverage Survey method, although not optimal, can be
used to derive estimates of immunization coverage by 6 months (full or at least one
dose). Proposed modifications to the current cluster form for infant immunization
can be found in Annex E.

Information collected on the cluster forms would be transferred to modified EPIC
summary and modified EPIC evaluation forms. These modified versions have not
been included here but can be generated based on the approved protocol.
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Children under 5 years of age have been specified as the target group for surveillance
in this protocol: they have more obvious manifestations, increased morbidity and
mortality and a greater likelihood of clinic visit or hospitalization relative to older
age groups (particularly infants under 1 year of age). These features enhance disease
recognition and facilitate surveillance efforts. In fact, infant pertussis activity is an
efficient marker for broader distribution of pertussis in the community.

The distribution within older cohorts (± 5 years of age) can also be measured directly.
There are added costs for each cohort but these costs can be partly offset by linking
to infrastructure developed for pertussis surveillance in children <5 years of age.
There are also important design and feasibility considerations. Beyond early childhood,
there are fewer routine interactions by parents with health care providers
(such as immunization visits), reducing opportunities for sentinel surveillance
activities. As children receive more doses of pertussis and as they age, the clinical
presentation of pertussis becomes attenuated. Fewer seek medical care and fewer
still are hospitalized. Most medical encounters will occur for infants < 1 year of age.
In children from 1–4 years of age, deaths and severe disease are less likely in this age
group (CFR estimated at 1% in low vaccine coverage areas); therefore, the primary
surveillance indicator becomes pertussis-like illness (possible or probable cases defined
in section 3.2.4) with appropriate laboratory confirmation. This entity will be more
frequent than deaths or severe disease due to pertussis in infants, but it will be more
difficult to identify. Since fewer visits to health facilities or hospitalizations for
pertussis are anticipated in pre-school-aged children compared to infants, there will
be a greater reliance on the correlations between facility based sentinel surveillance
and community-based estimates derived from cluster sampling. These issues become
more pronounced with each cohort of increasing age.

Investigation of cases in young children can include active clinical and laboratory
assessment of pertussis-like illness in older siblings or other close contacts – either
retrospectively or prospectively. Incidence rates in older children, however,
cannot be derived on the basis of these limited contact activities. Instead,
special population-based investigations are required if an estimate of the total burden
of disease in older children is desired – the following briefly outlines some of the
age-specific design considerations related to this.

7. Estimating the burden of
pertussis in older children,

adolescents and adults to produce
total pertussis burden estimates
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7.1 Children from 5 to 10 years of age

Surveillance in this age group entails the same concerns as described for children
1–4 years of age, with milder illness, fewer clinic visits and fewer hospitalizations.
School attendance offers some unique features – it may facilitate spread and delimited
outbreaks may be identified with sufficient community education and awareness.
School-based surveillance could form an important component of community-based
activities and teachers should be alerted to the initiative and requested to notify
designated school liaison workers when students present with pertussis-like illness.
More active investigations may also be needed and in particular when outbreaks are
suspected. Periodic school-based cluster sampling surveys conducted by trained
personnel, with appropriate laboratory confirmation, may derive better estimates of
the burden of pertussis activity in this age group. The added complexity of a cluster
sampling design will necessitate further sample size adjustments.

7.2 Children and adolescents 11 years of age and older

Similar issues need to be considered as for children 5–10 years of age; however,
a greater proportion in this age group may not be attending school, may be at work
and/or may be migratory. In addition to community-based surveillance activities
using field workers and sentinel contacts, periodic community-based cluster sampling
surveys targeting this age group will likely be required.
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Most pertussis deaths and severe disease are likely to occur in unvaccinated or partially
vaccinated infants. In contrast to surveillance of diseases for which vaccines are not
included in the regular schedule like Haemophilus influenzae type b, meningococcal
disease or RSV, pertussis vaccination is part of the EPI and has performed admirably
in the prevention of pertussis deaths. Therefore, there is an ethical dilemma in
conducting surveillance in a poorly vaccinated population. This is particularly relevant
in studies in which there is direct and ongoing interaction between the investigators
and participants. All opportunities and contacts between study personnel or health
care personnel and children should be used to update immunization status.
During sentinel surveillance, immunization should be provided during routine
interactions with the health care system as per local standards. During cluster surveys
and vaccination coverage surveys, un-immunized or under-immunized children should
be offered catch-up vaccines. During outbreak investigation, immunization will be
part of outbreak control. Although aggressive immunization intervention strategies
are anticipated to modify an individual’s susceptibility to pertussis, given the sentinel
nature of the surveillance and intermittent cluster sampling, there is unlikely to be
any major effect on the overall epidemiology of pertussis in the region. During the
course of an outbreak, with intensive outbreak investigation and control, changes in
the epidemiology of pertussis may occur. Depending on the size of the outbreak,
one may be able to observe trends in diminishing attack rate over the course of the
outbreak.

8.1 Treatment of cases

Once a case is detected, symptomatic treatment should be provided if needed.
Specific treatment with a macrolide antibiotic such as erythromycin should be
delivered when the onset of the disease occurred less than 2 weeks prior to detection
and anytime for infants. Treatment and management should be consistent with WHO
recommendations1.

8. Ethical considerations

1 Management of the Child with a Serious Infection or Severe Malnutrition: Guidelines for Care at
the First-Referral Level in Developing Countries. Geneva, World Health Organization, 2000
(WHO/FCH/CAH/00.1)
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8.2 Treatment and immunization catch up of suspected cases and
contacts

Siblings (<5 years) in contact with the case (probable, confirmed) should be offered
erythromycin prophylaxis when infants are present in the household.
Pregnant women who are due to deliver shortly should be advised to seek prophylaxis
for their infant if they will be born into a household where they will be exposed to
pertussis. Otherwise vaccination status should be reviewed and completed if needed.

8.3 Outbreak control

When several cases are detected within a community (school), information should
be provided to health and academic authorities and control measures may be decided
according to local regulations.

8.4 Study termination

One year before the planned termination of the study, information and results arising
from the study should be widely disseminated, including to study personnel,
clinic and health care facility personnel, and to the general population. This will
facilitate the process of ensuring that benefits arising from the implementation of
the study and from the results obtained are sustained in the community.
Anticipated benefits include improved rates of immunization, standardized and early
treatment of cases, and enhanced surveillance providing improved data to facilitate
public health interventions.
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Annexes
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Annex A:
Sample size calculation for

cluster sampling

1) What is the total population in the age group that is the target for the survey?

Population: 4000

2) What is the total number of clusters in the population?

Clusters: 130

3) For each approximate incidence (proportion of the population with the condition
of interest) in the following table, fill in your best guess for the percentage of
clusters have this incidence.

Prevalence Guess
0 % 20%

10% 75%

20% 5 %

30% 0 %

40% 0 %

50% 0 %

60% 0 %

70% 0 %

80% 0 %

90% 0 %

100% 0 %

Total: 100%

Check that your guess totals to 100%

4) The default desired precision is ±2%. Enter another value (as a percent) if you
want a different precision.

Precision: 2.00%
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5) The same precision can be obtained with different combinations of number
of clusters and sample size per cluster. However, as the intraclass
correlation (calculated below from the numbers you filled in in item 3) increases
towards 1, the precision becomes less and less responsive to increasing the
sample size per cluster,and only responds to increasing the number of clusters.

6) The spreadsheet will fill in the remaining numbers (based on a 95% confidence
interval).

(The calculations assume equal cluster sizes. If this is not true the calculated
sample size may be larger than necessary.)

Mean cluster size: 30
Guess

Incidence 0.0850

Vbetween: 0.0023

Vwithin 0.0755

Vtotal 0.0778

rho: 0.0293

Target Vp: 0.0001

Required number
Cluster size of clusters:

2 384

3 264

4 203

5 167

6 143

7 125

8 112

9 102

10 94

15 70

20 58

25 51

30 46

Vbetween is just the variance of the
cluster incidences across all clusters.

Vwithin is the mean of the within
cluster variances, calculated by the
usual formula: p*(1-p)

rho=Vbetween/(Vbetween+Vwithin)
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Incidence 0.08 (0.5 is the worst case)

Precision 0.02

V(p) 0.0001 (Calculated from incidence and precision)

Required number of clusters given number per cluster and RHO
(the intraclass correlation) – 95% confidence interval assumed.

rho 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
2 353 389 424 459 495 530 565 601 636 672 707

3 236 283 330 377 424 471 518 565 613 660 707

4 177 230 283 336 389 442 495 548 601 654 707

5 141 198 254 311 368 424 481 537 594 650 707

6 118 177 236 295 353 412 471 530 589 648 707

7 101 162 222 283 343 404 465 525 586 646 707

8 88 150 212 274 336 398 459 521 583 645 707

9 79 141 204 267 330 393 456 518 581 644 707

10 71 134 198 262 325 389 452 516 580 643 707

15 47 113 179 245 311 377 443 509 575 641 707

20 35 102 170 237 304 371 438 505 573 640 707

25 28 96 164 232 300 368 435 503 571 639 707

30 24 92 160 229 297 365 434 502 570 639 707

Number
per
cluster
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Case report form (CRF)

Generic protocol for a population-based surveillance study of pertussis:
estimating the burden of severe disease and mortality in infants

Participants:

First name: ________________________________

Last name: ________________________________

Address: ________________________________

Village/town: ________________________________

Usual referent health facility: ________________________________

(Note: Separate this page from the remainder of CRF before shipment.)

Annex B:
Sample data forms

Acronyms

The acronyms listed below are used in this annex.
CRF case report form
CE degrees Celsius
FE degrees Fahrenheit
N/D not determined or not done
Unk unknown
PCR polymerase chain reaction
DOB date of birth
ID # identification number
DPT diphtheria, pertussis, tetanus vaccine
BCG bacille Calmette–Guérin (tuberculosis vaccine)
OPV oral polio vaccine
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A) General information:

1) Date of form completion: ____ / ____ / ____

dd mon yy*

2) Investigator: _____________________________

3) Date of birth: ____ / ____ / ____

4) Gender: Male: Female:

B) Clinical data:

1) Temperature: _______.___ CE or FE N/D

2) Route: Rectal Axilla Tympanic Oral

3) Weight: _______.___  gm or lbs N/D

4) Height: _______.___  gm or lbs N/D

5) Arm circumference: _______.___  gm or lbs N/D

6) Is participant still breast feeding? Yes No Unk

7) When did the first symptoms of cough start?____ / ____ / ____ Unk

8) Did the cough stop? Yes No Unk

9) If yes, date: ____ / ____ / ____ Unk

10) What was the worst severity? Mild Moderate Severe Unk

Mild: Signs or symptoms present but easily tolerated
Moderate: Symptoms sufficient to cause interference with activity
Severe: Incapacitating, interferes with inability to do usual activity

* Enter all dates as dd/mon/yy, example 31 jun 03.
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C) Symptoms and complications:

Were any of the following present?

1) Paroxysmal cough Yes No Unk

2) Whoop Yes No Unk

3) Post-tussive vomiting Yes No Unk

4) Cyanosis Yes No Unk

5) Apnea Yes No Unk

6) Edema of face Yes No Unk

7) Subconjunctival hemorrhage Yes No Unk

8) Facial petichiae Yes No Unk

9) Truncal petichaie Yes No Unk

10) Weight loss Yes No Unk

11) Pneumonia Yes No Unk

12) Seizure Yes No Unk

13) Encephalopathy Yes No Unk

14) Abdominal hernia Yes No Unk

15) Inguinal hernia Yes No Unk

16) Pneumothoracies Yes No Unk

17) Was participant hospitalized? Yes No

18) If yes, duration (in days) of hospitalization: ________________ Unk

19) Was participant in intensive care unit? Yes No

20) If yes, duration (in days) of stay in intensive care unit: ______ Unk

21) Did death occurr? Yes No

22) If yes, date of death: ____ / ____ / ____ Unk
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D) Treatment received:

Was Erythromycin prescribed? Yes No Unk

1) Prescribed for how many days? ________________ Unk

2) Was any other antibiotic prescribed? Yes No Unk

If yes, specify? _____________________________________ Unk

Prescribed for how many days? ________________ Unk

E) Possible source of exposure:

1) Has the participant been exposed to a person(s)
with a confirmed case of pertussis?

Yes No Unk

or

2) Has the participant been exposed to a person(s) with a cough
lasting at least two (2) weeks with at least one of the following?

inspiratory “whooping”
post-tussive vomiting (vomiting immediately after coughing)
and without other apparent causes
paroxysms (fits of coughing) Yes No Unk

or

3) Has the participant been exposed to a person with a possible
case of pertussis (Case as ascertained by field worker based
on mother/s, or other lay person/s, declaration)?

Yes No Unk

If 1, 2 or 3 above is yes:

1) Date of suspected contact: ____ / ____ / ____ Unk

2) What is the age of the contact case? ____ (yrs) ____ (mths) ____ (wks)

3) What was the date of onset in the contact case? ____ / ____ / ____Unk

4) Relationship of contact case:

sibling mother father other household member

daycare or school contact other, specify _____________ Unk

5) Had the contact case been adequately immunized
(3 or more doses of pertussis vaccine)? Yes No Unk



5 1WHO/IVB/05.15

F) Immunization history of participant:

Number of previous immunizations, enter 0 (zero) for none:_________ Unk

If greater than zero specify in the table below:

Date or age at Immunization Immunizations given Documentation

Date  age DPT BCG OPV Measles

__________ (mths) Yes Yes Yes Yes Recollected

__________ (wks) No No No No or Documented

__________ (mths) Yes Yes Yes Yes Recollected

__________ (wks) No No No No or Documented

__________ (mths) Yes Yes Yes Yes Recollected

__________ (wks) No No No No or Documented

__________ (mths) Yes Yes Yes Yes Recollected

__________ (wks) No No No No or Documented

__________ (mths) Yes Yes Yes Yes Recollected

__________ (wks) No No No No or Documented

__________ (mths) Yes Yes Yes Yes Recollected

__________ (wks) No No No No or Documented

G) Laboratory samples:

1) Was a nasopharyngeal aspirate collected? Yes No

2) Was a nasal swab collected? Yes No

If yes to 1 or 2 above:

a) date of aspirate or swab: ____ / ____ / ____

b) culture result: Positive Negative Unk

c) PCR result: Positive Negative Unk

3) If not laboratory confirmed:

Was there clinical evidence for the diagnosis? Yes No

Was there an epidemiologic-link (compatible clinical
syndrome with laboratory confirmed case)? Yes No

_______ / ________ / _______

_______ / ________ / _______

_______ / ________ / _______

_______ / ________ / _______

_______ / ________ / _______

_______ / ________ / _______
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Screening log

Site #: _______________________________________________________________________  Page _____ of _____

# Participant’s initials DOB or age Outcome
1 = enrolled (record ID #)
2 = ineligible (reason)
3 = not interested

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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Shipping and receiving log

Study protocol #: ___________________________ Investigator: ___________________________________________

Site: ____________________________________________________________________________________________

Transferred from: (Name and address) _____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

Accountability shipment
Date sent:

Items sent:

Signature of study personnel (packaged by)

Transferred to: (Name and address) _____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

Accountability receipt
Date received:

Items received:

Signature of study personnel (received by)
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Log in Log in Study Participant Staff Specimen Process Process Staff Withdrawn Comments
date time ID ID initials type date time initials refused
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Data clarification form – Addendum to Case report form

Protocol: _________________________________________________________________________________ Participant number: ______________________________________

Investigator: _______________________________________________________________________________ Participant initials: _______________________________________

Form/ Section Original entry Corrected entry Corrected by
page Initials Date

Investigator: Query origin:

Signature: _____________________________________________ Signature: ___________________________________________________

Date: _________________________________________________ Date: _______________________________________________________
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Videos/ Pictures

• Nasopharyngeal aspirate collection training video (available from WHO).

• Pertussis cough video: www.immunizationed.org/pertus.asp

• Picture of pertussis cough in a child www.immunize.org/images/ca.d/ipcd1861/
img0007.htm

• Video clips of Vaccine-Preventable Diseases www.cdc.gov/nip/diseases/disease-
chart-public.htm

• Disease Photos: www.ecbt.org/Diseasepic.html

• Pertussis Information. Hear and See Pertussis (For Health Care Providers)
www.pertussis.com/providers.html

Related articles and fact sheets

• Expanded Program on Immunization, Module 1. World Health Organization
1998. Target Diseases: Pertussis pages 10–11.

• World Health Organization training Module 1, Target Diseases: Pertussis pages
12–13.

• Pertussis Fact Sheet: www.cdc.gov/ncidod/dbmd/diseaseinfo/pertussis_t.htm

Web sites

• World Health Organization Training Modules: www.who.int/vaccines-diseases/
epitraining/SiteNew/iip/PDF/Module1.pdf

• Center for Disease Control, National Immunization Program USA:
www.cdc.gov/nip

• Canadian Coalition for Immunization Awareness and Promotion:
www.immunize.cpha.ca

• Immunization Action Coalition: www.immunize.org

• Institute for Vaccine Safety: www.vaccinesafety.edu

• The Group on Immunization Education of the Society of Teachers of family
Medicine www.immunizationed.org/default.aspx

Annex C:
Clinical training tools resource list
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A) Procedure for preparing dried NPA samples

Equipment and materials

NPA

FTA Classic Card, Whatman

For each subject

1) After the NPA has been collected, expel approximately 100 µl of the sample
onto a section of the FTA Classic Card, preferably in concentric circles working
from the center of the spot chosen on the FTA card. Do not overwhelm
the FTA matrix by expelling more NPA than is necessary to coat the spot.
If there is more than one spot available on the card, use excess NPA to coat
the extra spots as well.

2) Label the card with sample code, date, and time of collection.

3) Allow the FTA card to dry for 60 minutes at room temperature.

4) Place the FTA card with dried sample in the appropriate storage envelopes for
shipping.

Annex D:
Supplementary laboratory procedures
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B) Laboratory procedure for polymerase chain reaction (PCR) for the
detection of bordetella pertussis in NPAs dried on FTA classic cards

Introduction:

The following protocol describes the method of detecting B. pertussis DNA in
nasopharyngeal aspirates (NPAs) dried on FTA Classic Cards using the polymerase
chain reaction (PCR) technique.

The operator performing these procedures should have a good knowledge of safe
handling procedures for NPAs, dilution calculations and use and maintenance of the
automated equipment.

Equipment:

Autoclave, Amsco 3021
Autopipetter, Portable Pipette-Aid, Fisher, #13-681-19
Balance, top-loading, TR-203 Denver Instrument Company
Beakers, glass, 400, 600, 1000, 2000, Pyrex or Kimax
Bottles, 100, 500, 1000 ml, glass, Kimax
Camera, Photo-Documentation Camera, Fisher Biotech, FB-PDC-34
Cylinders, glass, 250 ml, Pyrex or Kimax
Disposal buckets
Electrophoresis power supply, E-C Apparatus Corporation, EC105
Electrophoretic gel system, Minicell, E-C Apparatus Corporation, EC370M
Film, Polaroid Polapan 667, ISO 3000 / 36° C
Flasks, 500 ml, Pyrex or Kimax
Flasks, volumetric, 500, 1000 ml, Kimax
Foil, Alcan aluminum
Freezer boxes, Fisher, 15-465-461
Freezers, -20° and -80° C
FTA Classic Cards (with dried sample/control)
Gloves, Sensicare, Maxxim Medical
Harris Micro Punch (2.0 mm) and mat
Heatblock, digital, VWR
Hot plate / stirrer, Thermix, Fisher, model 118
HotHand, hand protector, Fisher, cat# 11-394-300
Kimtuffs, White Wipers, Kimberley-Clark, cat# 58300
Kimwipes, EX-L, Kimberley-Clark, cat# 34120
Laboratory room with positive pressure
Laboratory room with negative pressure
Marker, black and blue, permanent
Meter, pH, accumet model 15, Fisher Scientific
Microfuge, Eppendorf centrifuge 5415C
Microwave
Parafilm M, American National Can
Pen, black
Pipetter, Digital Micro, 0.5 to 10 µl , Nichipet, Nichiryo model 5000 DG
Pipetter, Digital Micro, 10 to 100 µl , Nichipet, Nichiryo model 5000 DG
Pipetter, Pipetteman, 20 to 200 µl , Gilson model P200
Pipetter, Pipetteman, 200 to 1000 µl , Gilson model P1000
Pipettes, polystyrene, 10 ml, Falcon
Pyrex dish, Corning
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Racks for tubes
Scissors
Setup sheets
Stir bars, magnetic, Bell Stir #6003
Tape, Scotch 810 and multicolored labelling tape
Thermocycler, T3, Biometra
Timer, Fisher, cat# 14-649-15
Tips, Universal-Fit Filter Tips, 10 µl , Progene
Tips, Universal-Fit Filter Tips, 100 µl , Progene
Tips, Universal-Fit Filter Tips, 200 µl , Progene
Tips, Universal-Fit Filter Tips, 1000 µl , Progene
Tips, Pipet Tips, 10 µl , Bio-Rad BR-31, cat# 223-9031
Tubes, EZ Micro Test Tubes, 500 µl , Bio-Rad, cat# 223-9503
Tubes, 0.2 ml PCR Tubes – Flat Cap, Progene
Tubes, 0.6 ml Ultraclear MicroTubes, Progene
Tubes, 1.5 ml Boil-Proof MicroTubes, Progene
UV transilluminator, 312 nm Variable Intensity, Fisher Biotech, FBTIV-614
Vortex, Vortex Genie 2, Fisher Scientific, cat# 12-812
Water bath, IsoTemp 205, Fisher Scientific
Water purification system, ROpure LP and NANOpure, Barnstead
Weigh dish, small, medium, and large, polystyrene, Fisher

Reagents:

50 bp DNA ladder, Invitrogen
Agarose, Electrophoresis reagent, Sigma, A-4679
Boric acid, Sigma, B-7901
Bromphenol blue/xylene cyanol, Sigma, B-3269
Deoxyadenosine Triphosphate, Invitrogen
Deoxycytidine Triphosphate, Invitrogen
Deoxyguanosine Triphosphate, Invitrogen
Deoxythymidine Triphosphate, Invitrogen
Ethanol, 70%
Ethidium bromide, Sigma, E-1510
Ethylene diamine tetraacetic acid (EDTA), Sigma, F-5513
FTA Purification Reagent, Whatman
HCl, 6N, LabChem Inc, LC15370-2
Mineral oil, Light, Fisher, 0121-1
NaOH, 6N, LabChem Inc, LC 24460-1
Negative Control, pool of NPAs from healthy donors
Positive Control, B. pertussis
Primers, custom oligonucleotides for B. pertussis and human DNA, Genosys
Biotechnologies
Sodium phosphate dibasic, anhydrous, Fisher, S374-500
Sodium phosphate monobasic, Fisher, S369-500
Taq DNA polymerase (with 10x buffer, MgCl2), Invitrogen
Tris base, Boehringer Mannheim, 604 205
Water, purified (pH2O), sterilized, CTRC (from water purification system)
Water, Sterile Water for Irrigation, Baxter
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Solutions:

1.0 M Tris-HCl

Tris base 121.1 g
pH2O up to 1 litre, pH to 7.6

1x phosphate buffered saline (PBS)

Solution A: 0.5 M monobasic sodium phosphate = 68.995 g up to 1 litre
with pH2O

Solution B: 0.5 M dibasic sodium phosphate (anhydrous) = 70.98 g up to
1 litre with pH2O

Combine 3.8 ml of solution A and 16.2 ml of solution B. Bring volume up to
approximately 900 ml with pH2O. pH to 7.4 using solutions A and B. Add
pH2O to a total volume of 1 L. Add 8 g NaCl (0.8% solution). Sterilize.

0.5 M EDTA

Add 18.61 g EDTA to approximately 80 ml sterilized pH2O.
pH to 8.0 using NaOH; note that EDTA will not dissolve until pH nears 8.0.
Add sterilized pH2O to 100 ml.

5x TBE

Tris base 54 g
boric acid 27.5 g
0.5 M EDTA 20 ml
sterilized pH2O up to 1 litre

0.5x TBE

Dilute 5x TBE 1:10 with sterilized pH2O to desired volume.

TE-1

Tris base 0.6055 g
0.5 M EDTA 100 µl
up to 500 ml with sterile pH2O

DNA loading buffer

bromphenol blue/xylene cyanol 50 µl
glycerol 300 µl
0.5x TBE 650 µl

2% agarose gel (always make in 500 ml flask)

agarose 2 g
5x TBE 10 ml
sterilized pH2O 90 ml
ethidium bromide 10 µl of 10 mg/ml solution per 100 ml
dissolve the agarose by heating in a microwave with short 30 second bursts
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Primers (if lyophylized)

Resuspend in 1 ml sterile pH2O and make working solutions in amount required
(approximately 13.3 nmol/ml).

PCR Mix (for stage 1, one sample only): separate mixes required for
B. pertussis and human DNA testing

10x PCR buffer 5.0 µl
50 mM MgCl2 2.5 µl
10 mM dATP 1.0 µl
10 mM dCTP 1.0 µl
10 mM dTTP 1.0 µl
10 mM dGTP 1.0 µl
primer 1* 1.9 µl
primer 2* 1.9 µl
Taq polymerase 0.5 µl
Water, sterile 34.2 µl

PCR Mix (for stage 2, one sample only): separate mixes required for
B. pertussis and human DNA testing

10x PCR buffer 2.5 µl
50 mM MgCl2 1.25 µl
10 mM dATP 0.5 µl
10 mM dCTP 0.5 µl
10 mM dTTP 0.5 µl
10 mM dGTP 0.5 µl
primer 1* 0.95 µl
primer 2* 0.95 µl
Taq polymerase 0.25 µl
Water, sterile 14.6 µl

50 bp DNA ladder (per gel)

loading buffer 1.0 µl
pH2O 8.5 µl
50 bp ladder 0.5 µl

* 25 pmoles of primers per reaction; B. pertussis primers are nested, human primers are not.
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Methods:

Preparation of FTA samples:

1) Pre-heat heatblock to 56° C and water bath to 65° C.

2) Prepare 0.6 ml tubes (two for each sample/control, one for B. pertussis and the
other for human control) by labeling them and placing them open in an
appropriate rack.

3) Place a strip of coloured labeling tape on the punch mat and place the taped
part of the mat under the section of FTA card that will be punched.

4) Using the Harris punch, remove four punches from the FTA card for the
sample/control and eject two into both of the tubes for each sample.

5) Remove and discard the tape from the mat, clean the Harris punch, and repeat
steps 3–5 for each sample/control.

6) Once all sample punches are in the tubes, wash the samples with 200 µl of
FTA Purification Reagent for 5 minutes (close tubes during each wash).
Pipet off the reagent and repeat wash 1x. Pipet off the reagent and discard.

7) Wash the samples with 200 µl of TE-1 for 5 minutes. Pipet off the wash buffer
and repeat 1x. Pipet off the buffer and discard, making sure no significant
volume is left in the tubes.

8) Leaving the tubes open, place all tubes containing the sample punches into the
heatblock for at least 10 minutes to dry.

PCR procedure:

1) In the positive pressure room, make the appropriate amount of PCR mix.
Using the setup sheets, calculate the total required volume of each reagent for
the number of samples you have +1. The extra volume is necessary to minimize
the effect of pipetting error.

For STAGE 1 only

2) Aliquot 50 µl of the mix into each of the labeled tubes containing the prepared
FTA punches.

3) Overlay each reaction mixture with 50 µl of mineral oil. Close each tube before
going on to the next.

For STAGE 2 only

4) Aliquot 22.5 µl of the mix into appropriately labeled 0.2 ml tubes.

5) Aliquot 2.5 µl of product from each sample in stage 1 into the appropriate
stage 2 tube. Avoid transferring any of the mineral oil overlay from the
stage 1 tubes.

6) Briefly vortex and centrifuge each tube.
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For ALL STAGES

7) In the negative pressure room, place all reaction tubes into a chamber of the
T3 Thermocycler.

8) Select the program depending on the stage. Stage 1 is set to run one cycle of
94° C for 5 minutes and 30 cycles of a 30 second denaturation at 94° C,
30 second annealing at 55° C, and 30 second elongation at 72° C with a final
holding point of 4° C. Stage 2 is set to run 35 cycles of a 30 second denaturation
at 94° C, 30 second annealing at 55° C, and 30 second elongation at 72° C
with a final holding point of 4° C. In both cases, the lid temperature is set to
pre-heat to 104° C.

9) After stage 2 has begun, prepare the 2% agarose and place in the 65° C water
bath to keep it warm. Prepare the 0.5x TBE buffer for the gel chamber.

10) About 40 minutes before stage 2 is complete, set up the electrophoresis system
and pour the gel using a 12 well comb. Pour multiple gels as needed for the
number of samples.

11) Number the required amount of tubes plus one for the DNA ladder.
Add 1.0 µl of loading buffer to each tube and make up DNA ladder according
to the solutions section.

12) After stage 2 is complete, remove the samples from the thermocycler.

13) Transfer 10 µl of each sample to the appropriate tube containing the loading
buffer.

14) Load 10 µl of ladder to the first lane of the gel. Load 10 µl of the sample-buffer
mix to each subsequent well.

15) Allow each gel to run in 0.5x TBE containing 10 µl  ethidium bromide per
250 ml TBE for approximately 1.5 hours at 100 volts. Shut off the power
when the blue dye band is about 2 to 3 cm from the end.

16) Photograph the gels on the UV transilluminator and label the photographs,
indicating the contents of each lane and the date.
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Quality assurance:

1) Accept runs only if the positive control is positive and the negative control is
negative for B. pertussis and human DNA. Note that the band for B. pertussis
is at 90 bp after stage 2 while the human control band is at 380 bp.

2) If the run is acceptable based on #1, each individual lane must be viewed for
the presence of the B. pertussis band. A “bright” band, indicating a strong
positive, is recorded as “++”. A band that is obviously positive, but not strongly
so, is recorded as “+”. When a lane does not appear negative, but it is unclear
whether a band is present, the result is recorded as “+/-”. If there is no band at
90 bp, the result is recorded as “-”. For human DNA detection, a band must
be present (at 380 bp) for the human control sample in order to accept the
B. pertussis result.

3) Repeat any sample whose result (either B. pertussis or human control) was
“+/-”. If the result in the second assay is “+” or “-”, accept the new result.
If the result in the second assay is “+/-” again, that becomes the reported
result. However, for most purposes, a “+/-” result is considered negative.
If the new result is “++” (for B. pertussis), you should repeat the sample again,
as the difference between the original and the repeat is too great to explain by
simple assay conditions. After this, the reporting or repeating of a sample is
decided by consultation with the lab manager or director.

Primer sequences

B. pertussis IS481 Outside Primers (Stage 1 of nested procedure)

1 c g a a c c g g a t t t g a g a a a c t

2 c a g g c a c a c a a a c t t g a t g g

B. pertussis IS481 Inside Primers (Stage 2 of nested procedure)

1 c c c c c a g t t c a c t c a a g g

2 a t t g c t g g a c c a t t t c g a g t

Human Primers from pMP6d-9/MspI (for both stages)

1 a a t g c a a c a a t t c a c c c a a t

2 g g t t a g g t c a g a g a a c a a a g
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Annex E:
Sample size calculations for
estimating vaccine coverage
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Modified cluster form for enhanced pertussis
infant (2–11 months) immunization coverage assessment

(1) Cluster number: ______ TOTAL
(2) Date: ______________
(3) Area: ______________
(4) Range of birth dates:
      From: ______________
      Until: ______________ Card Card+History
Child Number in cluster 1 2 3 4 5 6 7 8
(6) Birth date
(6b) Birth category a) 2–5 months

b) 6–11months
(7) Immunization card Yes/No
(8) BCG Date/+/0

Scar: Yes/No/A
Source

(9) DPT#1 Date/+/0
Source

DPT#2 Date/+/0
Source

DPT#3 Date/+/0
Source

(10)  OPV#1 Date/+/0
Source

       OPV#2 Date/+/0
Source

       OPV#3 Date/+/0
Source

(11) Appropriately DPT Yes/+/No
immunized for age*

(12) Received at least one Yes/+/No
dose of DPT

(13) Received two doses Yes/+/No/NA
of DPT

(14) Received three doses Yes/+/No/NA
of DPT

(15) Tally of households visited: _______________________________________________________________________
(16) Tally of newborns 0–7 weeks in households visited: ____________________________________________________
(17) Name of Interviewer: ___________________________________________________________________________

Signature: ___________________________________________________________________________________

KEY:
Date/+/0 Yes/+/No
Date=copy date of immunization from card, if available Yes=true as specified by immunization card
“+”=mother reports immunization was given “+”=true as specified by card and/or mother report
“0”=immunization not given No=not true according to either source

Yes/+/No/NA
NA=Too young to have received this dose in series

Source: * Appropriately DPT immunized for age as defined by EPI
OUT=Outreach means 1 dose by 2 months, 2 doses by 3 months, 3 doses
HOS=hospital by4 months of age (allowing 1 week delay past each
HC=Health Centre scheduled dose).
PRIV=Private/non-governmental

5 
NA

M
E
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Modified cluster form for enhanced pertussis
infant (12–23 months) immunization coverage assessment

(1) Cluster number: ______ TOTAL
(2) Date: ______________
(3) Area: ______________
(4) Range of birth dates:
      From: ______________
      Until: ______________ Card Card+History
Child Number in cluster 1 2 3 4 5 6 7 8
(6) Birth date
(7)  Immunization card Yes/No
(8) BCG Date/+/0

Scar: Yes/No/A
Source

(9) DPT#1 Date/+/0
Source

DPT#2 Date/+/0
Source

DPT#3 Date/+/0
Source

(10) OPV#1 Date/+/0
Source

OPV#2 Date/+/0
Source

OPV#3 Date/+/0
Source

(11) Measles Date/+/0
Source

(12) Immunization status Not
Partially
Fully

(13) Fully immunized before Yes/+/No
one year of age

(14) Fully* DPT immunized Yes/+/No
before one year of age

(15) Partially† DPT immunized Yes/+/No
before one year of age

(16) Fully* DPT immunized Yes/+/No
before 6 months of age

(17) Partially† DPT immunized Yes/+/No
before 6 months of age

(18) Tally of households visited: _______________________________________________________________________
(19) Name of interviewer: ___________________________________________________________________________

Signature: ___________________________________________________________________________________

KEY:
Date/+/0 Yes/+/No
Date=copy date of immunization from card, if available Yes=true as specified by immunization card
“+”=mother reports immunization was given “+”=true as specified by card and/or mother report
“0”=immunization not given No=not true according to either source
Source: * Fully DPT immunized for age as defined by EPI
OUT=Outreach means three doses.
HOS=hospital † Partially DPT immunized for age as defined by EPI
HC=Health Centre means one or two doses.
PRIV=Private/non-governmental

5 
NA

M
E
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Department of Immunization, 
Vaccines and Biologicals
Family and Community Health

World Health Organization 

CH-1211 Geneva 27 

Switzerland 

Fax: +41 22 791 4227 

Email: vaccines@who.int 

or visit our web site at: http://www.who.int/vaccines-documents

The World Health Organization has managed 
cooperation with its Member States and 
provided technical support in the field of 
vaccine-preventable diseases since 1975. 
In 2003, the office carrying out this function 
was renamed the WHO Department of 
Immunization, Vaccines and Biologicals. 

The Department’s goal is the achievement 
of a world in which all people at risk are 
protected against vaccine-preventable 
diseases. Work towards this goal can be 
visualized as occurring along a continuum. 
The range of activities spans from research, 
development and evaluation of vaccines 
to implementation and evaluation of 
immunization programmes in countries.

WHO facilitates and coordinates research 
and development on new vaccines and 
immunization-related technologies for viral, 
bacterial and parasitic diseases. Existing 
life-saving vaccines are further improved and 
new vaccines targeted at public health crises, 
such as HIV/AIDS and SARS, are discovered 
and tested (Initiative for Vaccine Research).

The quality and safety of vaccines and other 
biological medicines is ensured through the 
development and establishment of global 
norms and standards (Quality Assurance and 
Safety of Biologicals).

The evaluation of the impact of vaccine-
preventable diseases informs decisions to 
introduce new vaccines. Optimal strategies 
and activities for reducing morbidity and 
mortality through the use of vaccines are 
implemented (Vaccine Assessment and 
Monitoring).

Efforts are directed towards reducing financial 
and technical barriers to the introduction 
of new and established vaccines and 
immunization-related technologies (Access to 
Technologies).

Under the guidance of its Member States, 
WHO, in conjunction with outside world 
experts, develops and promotes policies and 
strategies to maximize the use and delivery 
of vaccines of public health importance. 
Countries are supported so that they 
acquire the technical and managerial skills, 
competence and infrastructure needed to 
achieve disease control and/or elimination 
and eradication objectives (Expanded 
Programme on Immunization). 
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