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Accurate estimates of vaccination coverage are crucial for assessing routine immunization program per-
formance. Community based household surveys are frequently used to assess coverage within a country.
In household surveys to assess routine immunization coverage, a child’s vaccination history is classi-
fied on the basis of observation of the immunization card, parental recall of receipt of vaccination, or
both; each of these methods has been shown to commonly be inaccurate. The use of serologic data as
a biomarker of vaccination history is a potential additional approach to improve accuracy in classify-
ing vaccination history. However, potential challenges, including the accuracy of serologic methods in
classifying vaccination history, varying vaccine types and dosing schedules, and logistical and financial
implications must be considered. We provide historic and scientific context for the potential use of sero-
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Biomarker logic data to assess vaccination history and discuss in detail key areas of importance for consideration
Serology in the context of using serologic data for classifying vaccination history in household surveys. Further

studies are needed to directly evaluate the performance of serologic data compared with use of immu-
nization cards or parental recall for classification of vaccination history in household surveys, as well
assess the impact of age at the time of sample collection on serologic titers, the predictive value of sero-
logy to identify a fully vaccinated child for multi-dose vaccines, and the cost impact and logistical issues
on outcomes associated with different types of biological samples for serologic testing.

Published by Elsevier Ltd.

1. Introduction

Estimation of vaccination coverage is a fundamental aspect
of the Expanded Programme on Immunization (EPI) and is cru-
cial to immunization program planning and monitoring [1,2].
Additionally, coverage is essential for evaluating implementation
strategies, such as Reach Every District (RED) [3]. Administrative
estimates of coverage are calculated as the number of children
vaccinated (numerator) divided by the number of children in the
target population (denominator). However, data quality issues are
common in both the numerator (reasons include inaccurate and/or
incomplete data recording and reporting, and data manipulation)
and in the denominator (reasons include inaccurate estimates
of the target population and persons accessing immunization
services outside of their catchment area), and studies indicate
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that coverage estimates derived from administrative data are
commonly inaccurate in comparison to surveys [4-6].
Community based household coverage surveys are frequently
used as an independent approach to assessing population cover-
age for vaccinations. Examples of commonly used surveys include
the Demographic and Health Survey (DHS) and the Multiple Indi-
cator Cluster Survey (MICS) [7,8]. Both surveys employ multi-level
sampling approaches and assess numerous variables (with immu-
nization as a component of the overall survey). Assessment of
vaccination history is based on either records (typically the child’s
immunization card) or recall (typically from the parent), or both.
Wide variations in coverage estimates at national and sub-
national levels and poor agreement between administrative and
survey-based estimates of coverage have been previously noted
[4,9]. For instance, Lim et al. compared DTP3 coverage estimates
from available surveys and administrative reports and observed
wide variability and frequent higher country-level estimates of
coverage from administrative reports than from survey data, with
global-level coverage estimates of 90% from country best-estimate
reports and 74% from surveys in 2006 [9]. Survey-based methods
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Key issues and questions for consideration in the use of serology to assess vaccination history.

Key issue

Questions for consideration

Implication on use of serology to assess vaccination
history

Serology and classification of vaccination history

Impact of vaccine type, doses, and duration of
vaccine-induced immune response, and natural
infection on serologic data

Logistical feasibility, cost implications, and impact on
survey implementation

What is the sensitivity and specificity of the
serologic method compared with other
methods (immunization card review or
parental recall) for assessing vaccination
history?

Are there issues in the ability of the serologic
method to differentiate between vaccination
and exposure to natural disease?

For evaluation of multiple dose vaccines, is the
serologic method able to reliably differentiate
among individuals based on number of doses
received?

What is the age of the target survey population,
and will waning of vaccine-induced immunity
impact interpretation of serologic data?

Is the serologic method logistically feasible and
cost appropriate for the survey implementer?

Is collection of biologic samples acceptable to
the study population and will such collection
not result in sampling bias, compared with
non-invasive methods to assess vaccination

The use of immunization cards and parental recall for
assessment of vaccination history can result in
inaccurate classification. However, use of serologic
data may also result in inaccurate classification of
vaccination history, due to false positive or false
negative results. Consideration should be given to the
predictive value of serologic methods for classification
of individual vaccination history and how this
compares with other methods for classification of
vaccination history

Infection by most natural (not through vaccination)
pathogens results in the induction of a positive
serologic response. Consideration should be given to
the ability of the serologic assay to differentiate
between natural exposure and vaccination, the
likelihood of survey participants having previous
exposure to the pathogen, and the impact on the
interpretation of survey results

In multi-dose vaccination series, a serologic response
to vaccine antigens may be elicited before receipt of
the complete series. For assessing multi-dose vaccine
coverage (for instance, DTP3), consideration should be
given to the ability of the serologic method to
differentiate among the number of doses administered,
and the potential impact of misclassification of
vaccination history on survey results

Serologic responses to non-replicative vaccines can
wane during childhood. Consideration should be given
to the age of the target survey population, and the
potential for waning immune responses and serologic
data to result in misclassification of vaccination status
Inclusion of biological sample collection and testing in
a household survey has the potential to substantially
increase the complexity and requisite financial
resources; it is therefore important to consider the
available resources, the goals of the survey, and
potential added benefit in the use of serologic methods
to assess vaccination history

Collection of biologic samples has potential to decrease
the number of individuals who agree to participate in
the survey; it is important to consider to the likelihood
of refusal among the study population and how

history?

non-participation will impact overall quality of survey
data

may not be impacted by the same limitations as administrative cov-
erage estimates; however, potential issues do exist with their use
for estimation of coverage due to both random and systematic error
[10,11].

Sources of systematic error in community based surveys include
selection bias, information bias, data transcription and entry errors,
and missing data [ 10]. Information bias can be a significant problem
in classification of vaccination history, both by child immunization
card observation and parental recall methods [10]. Observation
relies on the availability of the immunization card at the time
of the survey visit, whereas parental recall bias has potential
for inaccurate classification of vaccination history. Miles et al.
recently performed a review of the literature comparing the accu-
racy of immunization history based on immunization card, parental
recall, or both sources with provider-based records. Using provider
records as the gold standard, median coverage estimates among
studies varied from 61% points under- to 1% point over-estimation
using immunization cards; 58 percentage points under- to 45%
points over-estimation using parental recall; and 40% points under-
to 56% points over-estimation using a combination of the two.
Of the available literature, five of these studies were conduct
in low-middle income countries and indicated lower coverage

estimates for use of recall, or card and recall, in comparison to
provider records [12].

Recently there has been increasing interest in the potential use
of biomarkers in community based household surveys [10,13]. As
noted by Cutts etal.|[10], there are potential limitations in the utility
of biomarkers — notably, serology - to validate vaccination coverage
in community based household surveys. Vaccines typically require
multiple doses, have varying formats, and numerous methodolo-
gies exist for assessing immune response. While serologic data is
commonly used to assess population immunity to a pathogen, lit-
tle applied research has evaluated its use in the classification of
vaccination history, as a measure of EPI performance.

Currently, limited publications are available to directly assess
the use of serologic data in community based surveys to improve
the accuracy of coverage estimates. The objective of this paper is
to discuss issues for consideration in the use of biomarkers in cov-
erage surveys, with a specific focus on serologic methods to assess
vaccination history. We discuss three key areas which may impact
the ability to effectively use serologic data in assessing vaccina-
tion coverage: (1) serology and classification of vaccination history;
(2) impact of vaccine type, doses, and duration of vaccine-induced
immune response on serologic data; and (3) logistic feasibility, cost
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Table 2
Fundamental concepts in understanding the potential role of biomarkers to assess
vaccination history.

The definition of a serologic
biomarker of vaccination

The presence of an antibody titer to an
antigenic component of a vaccine that

is an indicator of history of vaccination
with a specific number of doses of the

vaccine

The difference between
serosurveys and coverage
surveys

The difference between
sensitivity and specificity of
serologic assays versus
predictive value positive
(PVP) and predictive value
negative (PVN), to assess
vaccination history

The difference between direct
outputs (numeric readings)
from serologic assays and
final serologic classification

The general difference
between serologic responses
generated to live (e.g.
measles, rubella, yellow
fever vaccines) and

non-replicative vaccines (e.g.

DTP, hepatitis B vaccines)

The objective of a serosurvey is to
assess population immunity. The
objective of a coverage survey is to
assess the proportion of a population
that received a specific vaccine dose or
doses

Sensitivity and specificity are inherent
characteristics of the laboratory assay
and are not impacted by the
immunization coverage in the study
population. PVP and PVN are affected
by the overall level of immunization
coverage in the population

Direct outputs of serologic assays
typically are constituted by a
continuous range of values. Final
interpretation involves a dichotomous
classification of either positive or
negative

Live vaccines cause an infection in the
immunized individual and result in
circulating antibodies that typically
persist for many years. Non-replicative
vaccines have a shorter half-life and
necessitate multiple doses of vaccine to
induce protective levels of antibodies

implications, and impact of collection of biomarker data on survey
implementation. For each area, we pose a series of questions which
we believe are important for evaluating the usefulness and limita-
tions of serologic data to assess individual vaccination history in
household surveys (Table 1).

2. Biomarkers, serology, and assessment of vaccination
history

2.1. Biomarkers as a measure of vaccination history

2.1.1. Definitions

The Merriam Webster dictionary defines a biomarker as “a
distinctive biological or biologically derived indicator of a pro-
cess, event, or condition”. For assessment of vaccination history
in a coverage survey, an ideal biomarker would be a biologi-
cal indicator directly associated vaccination history that could
be assessed objectively by the survey implementer. Examples of
biomarkers of potential use in assessing vaccination history include
visual biomarkers (such as vaccine-induced scarring) and serologic
biomarkers (such as the presence of an antibody titer to an antigenic
component of the vaccine). For this manuscript, we will define a
serologic biomarker of vaccination as the presence of an antibody
titer to an antigenic component of a vaccine that is an indicator of
history of vaccination with a specific number of doses of the vaccine
(Table 2).

2.1.2. Performance measures

Important performance measures to consider for potential
biomarkers in immunization coverage surveys include the sensitiv-
ity, specificity, predictive value positive (PVP), and predictive value
negative (PVN) of the biomarker in correctly classifying vaccina-
tion history. Among these measures, sensitivity and specificity are
inherent characteristics of the assessment method (and thus not
impacted by the immunization coverage in the study population),

whereas PVP and PVN are affected by the overall level of immuniza-
tion coverage in the population. In coverage surveys, sensitivity and
specificity of biomarkers represent the proportion of vaccinated
individuals who are classified as having received the vaccine based
on the presence of the biomarker and the proportion of unvac-
cinated individuals who are classified as not having received the
vaccine based on the absence of the biomarker, respectively.

The time of sample collection, relative the vaccination history,
is anticipated to have an impact on the performance of biomarkers.
As will be discussed in more detail, serologic responses to vaccines
wane over time. Thus, the sensitivity of a serologic biomarker for a
vaccine may also decrease over time relative to date of vaccination.
Similarly, exposure to natural infection and induction of antibody
response to vaccine-associated antigens would have the impact of
decreasing the specificity of performance of the biomarker.

2.2. Historic use of biomarkers to assess vaccination history

Widespread vaccination campaigns played an important role in
eradication of smallpox. The smallpox vaccine (live vaccinia virus)
is administered percutaneously. Successful vaccination results in a
localized infection at the vaccination site, resulting in a scar [14].
The presence of this scar is a biologic indicator of smallpox vaccina-
tion that can be used to assess vaccination history. Henderson et al.
conducted an extensive survey in West Africa in 1968-1969 as part
of an evaluation of the mass vaccination campaigns implemented
during smallpox eradication efforts, and using the presence of a
scar as an indicator of vaccination, reported vaccination coverage
of greater than 82% [15]. In an assessment of a measles-smallpox
vaccination campaign in Cote d’'Ivoire in 1975, Breman et al. found
the presence of a smallpox vaccination scar to be a strong predictor
of measles seroconversion among previously susceptible children
[16].

Bacillus Calmette-Guérin (BCG) vaccination is administered
immediately after birth as part of the routine immunization sched-
ule in many countries, to prevent tuberculous meningitis and
disseminated tuberculosis in children [17]. As with the smallpox
vaccine, BCG administration generally results in scar formation.
While some data suggest BCG scarring may be an effective predictor
of BCG vaccination [ 18], it also has potential limitations. Floyd et al.
found high sensitivity and repeatability in readings of BCG scarring
when the vaccination had been administered to children at least 3
months of age; however, sensitivity was poor among children who
had been vaccinated within one month of birth [19]. Other studies
have similarly reported absence of scars in approximately 5-20%
of children when BCG vaccine is administered early in life [20-22].

2.3. Use of serology as a biomarker of vaccination history

2.3.1. Immune responses to vaccination

A protective immune response is the expected outcome of an
effective vaccination (or vaccination series), and thus immunologic
responses also have the potential to serve as biomarkers of vacci-
nation history. The development of the adaptive immune response
to a foreign antigen (from a vaccine or an actual pathogen) is a
complex process and can include both antigen-specific antibody
and cell-mediated immune responses. With respect to antibody
responses, the primary mediator is the antigen-specific B-cell,
which secretes antibodies which function through multiple poten-
tial mechanisms, including binding to functional sites on the
pathogen, neutralizing replication, promoting phagocytosis, and
activating complement cascade. Primary exposure to a foreign
antigen results in primary production of low-affinity IgM antibod-
ies and in longer-term transition through somatic hypermutation
and affinity maturation to B-cells producing other classes of
antibodies; notably IgG antibodies (predominant serum antibody)
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and IgA antibodies (present in mucosal surfaces). Adaptive cell-
mediated immune responses include responses mediated by CD8+
T cells, which can have a direct or indirect role in killing pathogens,
or by CD4+ T cells, which support immune functions in clearing
pathogens [23]. While some vaccines induce a cell-mediated
response [24], most protect through the induction of antibodies
[25], and most correlates of protection are based on measures of
antibody level [25,26].

The strength of an antibody response to a specific antigen may
vary widely among individuals. Reasons for variability include dif-
ferences in the magnitude of antibody response to specific antigens,
temporal dynamics of circulating antibodies and antigen-specific
B-cell populations relative to exposure to the antigen, and inherent
biologic variability in human populations. From an immuniza-
tion response standpoint, vaccines can generally be differentiated
between live and non-replicating vaccines. Live vaccines, includ-
ing vaccinia, measles, mumps, and rubella, cause an infection in
the immunized individual and result in circulating antibodies that
typically persist for many years. In contrast, antibody levels gener-
ated in response to non-replicating vaccines, such as tetanus and
diphtheria, have a substantially shorter half-life and necessitate
multiple doses of vaccine in the primary series, as well as potential
booster doses to maintain protective levels [23,27,28].

2.3.2. Vaccination and population immunity

The effectiveness of a vaccine at generating a detectable bio-
logic response has an important impact on performance measures.
For instance, if a vaccine fails to induce a biologically measurable
response in a certain proportion of vaccinated individuals, the sen-
sitivity of the biomarker to assess vaccination history will be less
than 100%. Similarly, if a vaccine in a 3-dose series induces a bio-
logically measurable response after 1 or 2 doses, the specificity of
the biomarker for assessing 3-dose immunization history will be
less than 100%.

It is also important to note the difference between the objective
of a serosurvey, in which the goal is to assess population immunity,
and the objective of a coverage survey, in which the goal is to assess
the proportion of a population that received a specific vaccine dose
or doses. For example, the first dose of measles-containing vaccine,
when administered at 9 months of age, results in seroconversion
in approximately 85-90% of infants [29]. If a serosurvey were to be
performed in a population of 1 year-olds, all of whom were vac-
cinated at 9 months of age, it would be concluded that 10-15% of
infants were not immune to the measles virus, an important con-
clusion for understanding the risk of measles virus transmission.
However, if the same serologic method was used to assess vaccina-
tion history in the same population, it would lead to the inaccurate
conclusion that 10-15% of children were not vaccinated.

3. Key issues in serology to assess vaccination coverage
3.1. Serology and classification of vaccination history

A variety of laboratory methods have been developed for
assessing serologic response. These can generally be divided into
assays which involve detection of biophysical antibody binding to
aspecificantigen (or antigens), such as enzyme-linked immunosor-
bent assays (ELISAs) and immunofluorescent assays (IFAs), and
assays that measure direct biologic function of antibodies, such as
neutralization assays (Table 3). Assays which involve detection of
biophysical antibody binding can allow for differentiation of anti-
body type and binding to specific antigens, and measure antibody
avidity, however, do not measure the actual biologic function of the
antibodies. Neutralization assays quantify the ability of antibod-
ies to perform neutralizing immune functions, as opposed to only

quantifying the presence of antibody binding [30]. Regardless of the
type of serologic assay, direct outputs of serologic assays typically
are constituted by a continuous range of numeric values. Depend-
ing on the assay, the results may be presented visually, as numeric
measurements of optical or fluorescent outputs, or as numeric
measurements of biologic function. Final interpretation typically
involves a dichotomous classification of either (sero-) positive or
negative, with some formats having an intermediate classification
of ‘low positive’, ‘indeterminant’, or ‘equivocal’.

An inherent problem arising from categorizing a continuous
range of output values into a dichotomous classification is iden-
tifying a cut-off value or appropriate numeric range for assigning
positive or negative classifications. Well-defined serologic corre-
lates of protection (with a dichotomous cut-off value) have been
identified for most vaccine preventable diseases [25,26] on the
basis of biologic protection from infection or disease. However,
serologic correlates of protection are only as predictive of vacci-
nation history as the underlying effectiveness of the vaccine at
generating a biologically protective immune response. Statistical
methods for identifying cut-off values also have an important role
in serologic assays [31-33]; however, these cannot fully account for
misclassification error in classifying individual’s serostatus when
the distribution of output values for seronegative and seropositive
populations overlap.

In an ideal serologic assay, a clear difference in numeric val-
ues between seronegative and seropositive individuals would
determine a definitive cut-off value for classifying individuals as
‘vaccinated’ or ‘not vaccinated’. For example, a study by Sharma
et al. assessed rubella serostatus in 90 individuals pre-and post-
vaccination and demonstrated seroconversion in all individuals,
with no overlap in antibody titers between the entire set of pre-
and post-vaccination sera [34].

In practice, however, standardization of cut-offs for classifica-
tion of serologic positive versus negative is often not so clear-cut.
Allwinn et al. compared the performance of 6 different assays
for detection of anti-mumps antibodies in serum from 227 indi-
viduals and found that the proportion who were seropositive
varied from 53% to 82%, depending on the assay used [35].
Because of recognized issues in the comparability of serology assays
between countries the European Sero-Epidemiology Network has
implemented standardization studies using serum panels across
a number of countries [36]. Multiple studies have demonstrated
variability between laboratories and resulted in standardization of
cut-off values and agreement in seroclassification for vaccine pre-
ventable diseases including pertussis, diphtheria, measles, mumps,
rubella, and hepatitis B [37-43].

3.2. Impact of vaccine type, doses, duration of vaccine-induced
immune response, and natural infection on serologic data

Certain live vaccines (for instance measles, rubella, mumps, and
yellow fever) elicit an immune response following a single dose
of vaccine and are typically provided a single time for children 1
year of age or less. Since only a single dose of vaccine is necessary
to stimulate an immune response, vaccination can be directly
correlated with expected seropositive response. Because immune
responses to live vaccines are typically long-lasting, serologic
biomarkers have the potential to characterize vaccination history
in older populations who were vaccinated years earlier [27,28].
However, live-attenuated vaccines typically have antigens which
are close to those of wild-type pathogens. These limit a serologic
assay’s ability to differentiate between exposure to vaccination
and natural disease, thereby diminishing the specificity of serology
as a biomarker of vaccination. For instance, in a study examining
serologic response to measles vaccination, Tapia et al. described
the complete absence of measles-specific antibodies in a group of

Please cite this article in press as: MacNeil A, et al. Issues and considerations in the use of serologic biomarkers for classifying vaccination
history in household surveys. Vaccine (2014), http://dx.doi.org/10.1016/j.vaccine.2014.07.005



dx.doi.org/10.1016/j.vaccine.2014.07.005

G Model
JVAC-15545; No.of Pages8

A. MacNeil et al. / Vaccine xxx (2014) Xxx—xxx 5

Table 3

Laboratory approaches for measuring serologic (antibody) response. For a detailed discussion, see [30].

Type of antibody interaction Examples of types of

laboratory assays

Advantages

Disadvantages

Biophysical binding Enzyme-linked
immunosorbent assay (ELISA),

Immunofluorescent assay (IFA)

Generally simpler and less time consuming
than neutralization assays, can allow for
differentiation of antibody type and binding to

Binding may not measure actual neutralizing
activity of antibodies

specific antigens, and measure antibody avidity

Biological function Neutralization assay

Quantifies the ability of antibodies to perform
neutralizing immune functions

Assays are time consuming and may not be
suitable for high throughput procedures

(pre-vaccination) 6 month old children and 100% seroprevalence
among 10-11 month old children post-vaccination, however,
protective antibody titers were present among 50% of unvac-
cinated children 9-10 months of age in the same population,
which the authors hypothesized may have been due to measles
virus infection [44]. Even without evidence of disease, there is
additionally the potential for pathogen carriage or asymptomatic
shedding, which may impact serologic outcomes.

Many vaccines are non-replicative, and use inactivated
pathogens or specific sub-unit, conjugated, or toxoid-specific anti-
gens (such as the components of diphtheria-tetanus-pertussis
[DTP] vaccines, hepatitis B, Haemophilus influenzae type b, and
pneumococcal vaccines) to stimulate an immune response. In the
instance of tetanus and hepatitis B vaccines, the absence of natu-
ral immunity (tetanus) and ability to differentiate natural infection
from vaccination by serologic testing for multiple antigens (hep-
atitis B) [45] may allow a clear differentiation between positive
responses due to vaccination and nature infection.

In contrast to live vaccines, non-replicative vaccines typically
require a multi-dose primary series, with or without additional
booster dose(s), in order to ensure that a protective immune
response is generated and maintained. This raises significant chal-
lenges to using serology as a biomarker of vaccine history. For
example, DTP-containing vaccines are recommended as a 3 dose
series to be administered within the first year of life; coverage
with all three doses (DTP3) is a commonly used indicator of a
country’s EPI performance [46,47]. Specific serologic measures that
are strongly predictive of 3 dose coverage are, however, limited.
Stewart et al. examined antibody responses to diphtheria, tetanus,
and pertussis antigenic components of DTP vaccine in groups of
children receiving 0, 2, and 3 doses [48]. While geometric mean
antibody titers against diphtheria toxin and tetanus toxin were
higher among children who had received 3 doses of vaccine than
among those who had received 2 doses, all 2-dose recipients of
vaccine had antibody responses above protective value, based on
known correlates of protective antibody levels.

Immune responses to non-replicative vaccines often wane
rapidly, limiting the capacity to assess vaccine coverage in older
populations[27,28].Inalarge population-based study in the United
States, Gergen et al. found that only 82% of children 6-16 years of
age were seropositive for anti-tetanus antibodies despite areported
rate of 96-97% completion of a 3-dose vaccination series in these
children [49]. Similarly, recent epidemiologic data provide suppor-
ting evidence of waning immunity among recipients of acellular
pertussis-containing vaccines [50,51]. In the instance of monitor-
ing recently vaccinated children (for instance, assessing coverage
in 12-23 month old children), the impact of waning immune
responses may have less of an impact than on older populations.

Finally, the impact of administration of vaccines outside of the
routine immunization schedule, the timing vaccine administration,
and the impact of booster doses may also affect interpreta-
tion of serologic results. National or sub-national campaigns are
commonly conducted in many countries, both to provide an oppor-
tunity to catch-up children who missed opportunities to receive
vaccination through the routine immunization schedule, as well as

to provide booster immunity to children who have received their
full vaccination series. The impact of immunization campaigns on
the overall population-level antibody titers to a specific antigen has
potential to further challenge the interpretation of serologic data.
Additionally, the timing of vaccine administration relative to age
may impact the likelihood of developing a serologic response, as
has been shown with measles vaccine [29].

3.3. Logistical feasibility, cost implications, and impact on survey
implementation

Multiple biologic sample types can be used to assess serologic
response to an antigen, including venous blood samples (such as
serum or plasma), dried blood spots, and oral fluid swabs. Venous
blood samples are frequently used in the development or character-
ization of serologic assays. However, there are important logistical
limitations to the collection and use of venous blood. First, it is
an invasive method that requires skilled personnel with training
in phlebotomy. In addition, compared with dried blood spots and
oral fluid swabs, more equipment is needed for collection, and
the volume of biological waste is greater. Finally, venous blood
may require more careful handling in the field and requires timely
processing or delivery to temperature-controlled settings.

Dried blood spots and oral swabs have potential to overcome
the limitations of collection methodology, equipment, sample sta-
bility, and need for the cold chain, associated with venous blood
collection. Numerous studies have used dried blood spots and oral
fluid swabs for assessing serologic status with respect to measles,
rubella, hepatitis B, and tetanus, and many of these assays gener-
ate results comparable to samples collected through venous blood
[44,52-59]. Two recent manuscripts which included serology from
oral fluid swabs as a measure of seroprotection, in comparison to
other data sources (serology from venous serum, recall, vaccina-
tion cards, and clinic records) report poor sensitivity of oral fluid
swabs and described the potential impact of variable sample col-
lection techniques and ambient temperature on serologic results
from oral fluid samples [60,61].

Regardless of the test type, the implementation of standardized
practices in the field remains crucial to consistent implementation
serologic testing in immunization coverage surveys. Consideration
must be given to the costs and supervisory capacity, involving bio-
logical specimens to ensure safe collection and proper handling,
processing, and testing of biological specimens.

Additional consideration should be given to the logistical and
cost implications of incorporating serology into immunization cov-
erage surveys. From a logistical standpoint, the use of a central
laboratory for serology adds additional requirements for reverse
cold chain (for venous blood), specimen storage and shipping, and
personnel to perform testing, as well as potential data challenges
in recording and linking biologic specimens with individual-level
data collected in the field. The use of point-of-care tests, which
allow the surveyer to rapidly obtain test results in the field, may
present a potential approach to streamline some of these logistical
challenges. While the number of commercially available tests for
assessing antibody responses to vaccine-associated antigens may
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currently be limited [62], point-of-care tests have been effectively
used in population-based hepatitis B surface antigen seropreva-
lence studies, to assess the impact of the hepatitis B vaccination
program on chronic virus infection in the population [63].

The cost impact of serologic testing must also be considered. For
a point-of-care test, this impact may be largely limited to the cost of
the actual test and human resource time of performing tests in the
field. Testing at a central laboratory will increase costs associated
with specimen shipping, human resources for additional laboratory
staff to process and test specimens, as well has the cost of laboratory
space, reagents, and equipment.

Finally, the potential impact of acceptability of biological sample
collection on response rates and outcomes in immunization cover-
age surveys should be noted. For instance, venous blood collection
may be viewed as painful or dangerous and might inhibit participa-
tion in some populations. This could result in lower response rates
and potentially biased immunization coverage estimates. Collec-
tion of dried blood spots involves a skin prick to induce bleeding and
may also be viewed as too painful or invasive. Oral swabs may be
associated with other health interventions (for instance, testing for
HIV infection) and might be viewed negatively in some populations.

4. Conclusions

Accurate estimation of immunization coverage is crucial for
proper monitoring of EPL. Problems with administrative coverage-
based estimates are well recognized. While immunization coverage
surveys are commonly used as an alternative approach for estimat-
ing vaccination coverage, there are challenges in the classification
of vaccination history, related both to parental recall and immu-
nization card review. The use of serology to assess vaccination
history represents a possible additional approach. However, poten-
tial limitations of this approach must also be considered, including
those inherent to the nature of serologic assays, the serologic pro-
file generated by specific vaccines, and the logistic implications of
incorporating biologic assays into immunization coverage surveys.
Additionally, for any consideration of widespread use of biomarkers
in immunization coverage surveys, further efforts to standardize
assays and interpretations among partners and across implemen-
ting laboratories should be addressed.

Reports of serosurveys conducted to assess population immu-
nity to infectious agents are common in the public health literature.
In contrast, limited data are available to directly assess the per-
formance of serologic assays to characterize vaccination history
compared with history derived from recall or immunization card
review. Studies in Burundi and the Central Africa Republic have
compared seroprevalence of tetanus toxoid immunity with self-
reported vaccination history in adult women, collected during
population-based surveys, and found relatively close agreement
[64,65] and recent research out of Bangladesh indicated poor
sensitivity of anti-measles immunity measured by serology from
oral fluid samples in comparison to vaccination history docu-
mented by recall, childimmunization card, or health facility records
[61]. Further studies comparing performance of serologic testing
with immunization cards or recall are warranted, particularly for
younger populations.

While the use of serologic data has potential to improve charac-
terization of vaccination history, many challenges to incorporating
these data into coverage surveys exist. We believe that biomarkers
have potential as a useful source of complementary data in coverage
surveys for assessing routine vaccination coverage; however, they
may not be a sufficient standalone alternative to other methods for
assessing vaccination history. Of particular importance is the use of
DTP3 coverage as an indicator for EPI monitoring [46,47]. As a non-
replicative vaccine with rapidly waning immunity and a multi-dose

Table 4
Priority areas of research needed to better assess the utility of serologic biomarkers
in coverage surveys.

Evaluation of performance of serologic assays in relation to other measures of
vaccination history

Characterization of the impact of age at the time of sample collection on
serologic titers

Assessment of the predictive value of serology to identify a fully vaccinated
child for multi-dose vaccines

Evaluation of the cost impact and logistical issues with different types of
biological samples for serologic testing on survey outcomes

Assessment of the potential usage of serologic testing in only a sub-set of
individuals, to validate vaccine history, for survey methodologies

format, the standalone predictive value of serologic data to classify
DTP3 coverage in a population is likely limited.

The outcome of an effective EPI should be high population
immunity to a pathogen, as a consequence of vaccination. While
high population immunity is an expected outcome of high vacci-
nation coverage, factors such as imperfect vaccine efficacy (<100%)
and waning of vaccine-induced immunity can result in lower popu-
lation immunity than overall vaccination coverage would suggest;
whereas natural transmission of the pathogen will result in the
higher population immunity than indicated by vaccination his-
tory. Serosurveys are a direct measure of population immunity,
and thus have an important value for assessing the overall poten-
tial for spread of a pathogen within a population. In contrast, the
assessment of vaccination coverage is important from a program-
matic perspective, for understanding the performance of the EPI in
meeting its performance targets.

As biomarkers, including serologic data, are not commonly used
to assess immunization coverage, there is limited precedence for
drawing firm conclusions about their potential role in coverage
surveys. We believe that areas for future research should include
further evaluation of performance of serologic assays in relation to
other measures of vaccination history, the impact of age at the time
of sample collection on serologic titers, the predictive value of sero-
logy to identify a fully vaccinated child for multi-dose vaccines, the
cost impact and logistical issues associated with different types of
biological samples for serologic testing on survey outcomes, and the
potential usage of serologic testing in only a sub-set of individuals,
to validate vaccine history, for survey methodologies (Table 4).

The long-term potential for implementation of biomarkers in
immunization coverage surveys will likely depend on the added
value of the additional information provided in terms of EPI perfor-
mance improvement. The issues we have discussed, and associated
questions, represent a potential framework for consideration of
challenges in incorporation of biomarkers for drawing conclu-
sions about performance of the immunization system. Through
further research and discussion among countries, partner agencies,
and survey implementers, the potential impact of incorporation of
biomarkers in coverage surveys will be better understood.
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