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Abstract

Residual blood specimens provide a sample repository that could be analyzed to estimate and
track changes in seroprevalence with fewer resources than household-based surveys. We con-
ducted parallel facility and community-based cross-sectional serological surveys in two districts
in India, Kanpur Nagar District, Uttar Pradesh, and Palghar District, Maharashtra, before and
after a measles-rubella supplemental immunization activity (MR-SIA) from 2018 to 2019.
Anonymized residual specimens from children 9 months to younger than 15 years of age were
collected from public and private diagnostic laboratories and public hospitals and tested for IgG
antibodies to measles and rubella viruses. Significant increases in seroprevalence were observed
following the MR SIA using the facility-based specimens. Younger children whose specimens
were tested at a public facility in Kanpur Nagar District had significantly lower rubella sero-
prevalence prior to the SIA compared to those attending a private hospital, but this difference was
not observed following the SIA. Similar increases in rubella seroprevalence were observed in
facility-based and community-based serosurveys following the MR SIA, but trends in measles
seroprevalence were inconsistent between the two specimen sources. Despite challenges with
representativeness and limited metadata, residual specimens can be useful in estimating sero-
prevalence and assessing trends through facility-based sentinel surveillance.

Introduction

Serological surveillance for vaccine-preventable diseases (VPDs), such as measles and rubella,
provides direct evidence of immunity gaps and changes in seroprevalence following immunization
activities [1]. Evidence from serological surveys can guide immunization programmes, for
example, on expanding the age range of a vaccination campaign or identifying geographical areas
such as districts or states for targeted vaccination activities. Rigorously conducted representative
household surveys employing probability-based sampling and blood collection can generate high-
quality seroprevalence estimates. However, these surveys can be logistically challenging,
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expensive, and require participants to voluntarily provide blood
specimens [2, 3]. While these surveys are often considered the ‘gold
standard’, biases may be introduced due to incomplete or incorrect
sampling frames or participant non-response [4–6].

Residual samples of blood collected for other purposes provide
an alternative specimen repository that could be analyzed to esti-
mate and track changes in seroprevalence and identify immunity
gaps. Residual blood specimens include those collected for clinical
purposes at a health facility or laboratory, from blood donations, or
those available in a biorepository from other studies, surveys, or
surveillance systems [7–10]. However, serosurveys that use residual
specimens have several limitations, including selection bias and
limited metadata linked to the specimens. Consequently, the trade-
offs between bias, completeness of data, ease of collection, and cost
need to be weighed carefully.

Few prior studies have explored concurrent comparisons between
community-based and residual specimen serosurveys. With the surge
in use of residual specimens to study SARS-CoV-2 seroprevalence and
trends, there was increased interest in comparing seroprevalence
estimates with those derived from community-based specimens
[11]. Two studies conducted in urban U.S. settings (Atlanta, Georgia
and Denver, Colorado) in 2020 compared SARS-CoV-2 estimates
from specimens collected at commercial laboratories and concurrent
community-based serosurveys and both found similar results between
the two specimen sources [12, 13]. In each study, the two specimen
sources were collected in overlapping geographic areas and time
periods, and the results were weighted to align with the underlying
population age and sex distributions. However, both studies high-
lighted the lack of race and ethnicity data for the residual specimens as
a limitation. An earlier study in Australia compared seroprevalence
estimates of measles, mumps, rubella, varicella, and hepatitis B
obtained using residual specimens from the national residual sera
bank that received specimens from diagnostic laboratories with those
from a school-based cluster survey. No significant differences in
seroprevalence were found except for rubella, which they attributed
to the use of different assays [14]. The cost of collecting and storing
residual specimenswas approximately seven times less than the cost of
specimens collected during the school-based, random cluster sample.
All three head-to-head comparisons were conducted in high-income
settings, which may have different biases in using residual specimens.

We conducted serosurveys using specimens collected at health
facilities and diagnostic laboratories (elsewhere referred to as
“residual specimens”) in Palghar District, Maharashtra, and Kan-
pur Nagar District, Uttar Pradesh, before and after a measles-
rubella supplemental immunization activity (MR-SIA) conducted
from 2018 to 2019 in India targeting children 9 months to younger
than 15 years of age [15, 16]. India follows a two-dose MR vaccine
strategy, with the first dose given between 9–12 months and the
second between 16 – 24 months of age [17]. The goal of the study
was to assess if estimates of measles and rubella serosurveillance
using residual specimens can be used to monitor changes in sero-
prevalence following theMR-SIA and identify age-specific immun-
ity gaps. We also explored how the changes in seroprevalence using
residual specimens compared to those using specimens collected
from concurrent community-based serosurveys [18].

Methods

Survey setting

Potential facilities were identified within each district based on
population size, public versus private hospital usage, and rural
versus urban distribution in the district. Of the facilities selected,

only some were willing to participate. Specimens were collected
from four facilities in Palghar District, including two facilities of a
public diagnostic laboratory (Hind Lab-Dahanu and Hind Lab-
Jawhar) and two public hospitals (subdistrict hospitals in Dahanu
and Kasa; Figure 1, Supplementary Table S1). In Kanpur Nagar
District, two facilities were selected based on input from the local
study team with the goal of identifying facilities that were large and
most representative of the district. These included one private
diagnostic laboratory (Paliwal Diagnostics) and one public hospital
(Ganesh Shankar Vidyarthi Memorial [GSVM] Medical College)
(Figure 1, Supplementary Table S1). Both facilities served the
entire district, although they were in the Kanpur Nagar metropol-
itan area. Additional details on the facilities are included in the
supplemental appendix.

Residual specimens

Convenience specimens of anonymized residual sera were collected
from patients in two age groups (younger than 5 years, 5 to younger
than 15 years) at the participating facilities and laboratories.
Specimens were collected from November 2018 to July 2019
during discrete periods before, during, and after the MR-SIA
(Supplemental Table S2). The number of pre-SIA specimens was
limited due to the timing of project initiation relative to the SIA.

In each district, the serosurvey was implemented by the local
Model Rural Health Research Unit (MRHRU), which was estab-
lished by the Department of Health Research (DHR) with a man-
date to work on local disease burdens [19]. Information on
specimen volume, specimen collection procedures, and specimen
flow was obtained through observations and discussions with facil-
ity staff and used to guide procedures for residual specimen collec-
tion. The facility was requested to retain all residual specimens after
testing. Study staff visited the facility to identify and collect eligible
specimens and abstract key data points. Depending on the timing
related to facility procedures and space available to store specimens
at 2-8 °C, the specimens were collected by study staff either at the
end of the day, the following morning, or within 96 h of collection
from the patient. All specimens collected were anonymized and
re-labelledwith a study identification number. Data on age, sex, and
date of specimen collection were obtained from the laboratory
paper register or electronic database. Other data, such as the
patient’s residence (ward or village name) and ward where the
patient was seen at the hospital (outpatient, inpatient) were also
collected from the laboratory register or database, if available. For
residual specimens collected from diagnostic laboratories, infor-
mation about the originating facility was also collected. Specimens
were excluded if age was not available, if received by the study staff
more than 96 h of collection from the patient, or if there was no
visible serum in the tube. Study staff rotated the days when speci-
mens were collected at a given facility (e.g., SDH Dahanu on
Monday, Hind Dahanu on Tuesday).

The residual specimens were centrifuged at the facility (3,000 rpm
for 10min) and stored at 4-8 °C in cold boxes until transported to the
central laboratory at the MRHRUs for processing and storage. At the
MRHRU laboratory, sera were aliquoted and stored at -20 °C
within 24 h of collection and later transported by plane or vehicle
to the Indian Council ofMedical Research (ICMR)-National Institute
of Virology, Pune, in a cold box with dry ice for testing.

Community-based specimens

Community-based cross-sectional serosurveys were conducted in
both districts before and after the MR-SIA by the MRHRU teams
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involved in the residual specimen collection as previously described
[18]. The sampling frame was derived to estimate measles and
rubella seroprevalence at the district level. Briefly, thirty villages
or wards were selected from each district based on the 2011 census
using probability proportional to size systematic sampling
(Figure 1). One census enumeration block (CEB) was randomly
selected from the list of CEBs in each village or ward. Following
enumeration of all individuals in the CEB, thirteen individuals were
randomly selected from each of two age groups: children nine
months to younger than 5 years and children aged 5 to younger
than 15 years. A venous blood sample and information on socio-
demographic characteristics and vaccination history were collected
after obtaining written parental permission, informed consent, or

assent. The blood specimens were processed to sera at theMRHRU
laboratory and then transported to the ICMR-National Institute of
Virology, Pune, under cold chain, as for the residual specimens.

Specimen testing

Sera were tested for IgG antibodies to measles and rubella viruses
using Euroimmun quantitative IgG enzyme immunoassays
(Euroimmun AG, Lübeck, Germany; measles product code: EI
2610-9601G; rubella: EI 2590-9601G) following the manufacturer’s
instructions. Specimens from both surveys were tested using the
same assay kits, but testing was done at different times with
different lots. One of the measles kit calibrators changed, which

Figure 1. Location of facilities where residual specimens were collected and survey clusters for community-based serosurvey. (a) Kanpur Nagar District, Uttar Pradesh. (b) Palghar
District, Maharashtra.
Legend: Grayscale corresponds to the population size of each enumeration area based on the 2011 census estimates. Red circles indicate community-based survey clusters. Blue
circles indicate the originating facilities for specimens received at Paliwal Diagnostics (Kanpur Nagar District) or Hind Laboratory (Palghar District). Black squares indicate fixed
point residual specimen collection at G.S.V.M. Medical College (Kanpur Nagar District) or the subdistrict hospitals in Dahanu and Kasa (Palghar District). Right sidemaps indicate the
state (blue) and district (orange) locations within the country.
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had an impact on lower quantitative results around the threshold. A
linear correction derived from a lot-to-lot comparison was applied
to the residual specimen estimates to enable comparison between
the two specimen sources as previously described [18].

Statistical analysis

A sample size of at least 375 residual sera per age group and facility
were needed to detect ≥10% absolute difference in measles and
rubella seroprevalence after the SIA.

This analysis is limited to residual and community-based spe-
cimens collected from children aged 9 months to younger
than 15 years collected before and after the MR-SIA. Seropreva-
lence estimates for IgG antibodies to measles and rubella viruses
were estimated with 95% confidence intervals. We explored differ-
ences in seroprevalence by sex and facility type (in Kanpur Nagar
District only) with descriptive summaries and logistic regression,
adjusted for age in years. For analyses using both residual and
community-based serosurveys, residual specimens were age-
standardized to the pre-SIA community age distribution from the
same district. The community-based serosurvey estimates were
calculated using sampling weights based on survey design and
accounting for non-response. In Palghar District, Maharashtra,
community-based analyses were restricted to children 1 year and
older due to a lack of residual specimens for children 9 months to
1 year. Bonferroni-adjusted p-values were used to account for
multiple comparisons.

Sensitivity analyses were conducted by geographically subsetting
the community-based serosurvey data to alignmore closely with the
location of the facilities where residual specimens were collected. To
assess potential biases introduced by the geographic distribution of
the residual specimens, we evaluatedmeasles and rubella seropreva-
lence spatial autocorrelation for the community samples. Specific-
ally, we estimated globalMoran’s I statistic over 1,000 permutations
with the R package spdep (version 1.2–5). To calculateMoran’s I, we
created distance-based spatial weight matrices for both districts
using a fixed distance value based on the geographic extent of the
spatial results and the minimal distance needed for all clusters to be
included in the analysis (13 and 16 km for Palghar and Kanpur
Nagar Districts, respectively, Supplementary Figure S1). Analyses
were performed using R (version 3.6.1).

Ethical considerations

The Institutional Ethics Committees of ICMR-National Institute of
Epidemiology, Chennai, India, Johns Hopkins Bloomberg School
of Public Health, Baltimore, USA, and study sites approved the
protocols for both community-based and residual specimen col-
lection. For the residual serosurvey there was no interaction with
human subjects, and all specimens were deidentified. For the
community-based serosurvey written consent from parents of chil-
dren aged between 9months and younger than 15 years, oral assent
from children aged between 7 and younger than 12 years, and
written assent from children 12 to younger than 15 years were
obtained before participation in the survey.

Results

Description of facility-based residual specimens

A total of 611 residual specimens were collected from children aged
9months to 15 years prior to the SIA, and 2,198 residual specimens

were collected after the SIA (Table 1). Most specimens were col-
lected from children aged 5 to 15 years. To simplify procedures at
the facility, residual specimens were collected from all children
younger than 5 years, but those from children below 9 months of
age were excluded for this analysis to allow for comparability with
the community survey. In Kanpur Nagar District, approximately
60% of the pre-SIA specimens were collected from the private
facility, but this imbalance was less in the post-SIA period. There
was no difference in the age-group distribution by period for
specimens collected at the public facility in KanpurNagar; however,
the post-SIA private facility specimens were from significantly
younger children than those collected pre-SIA (41.0% 9 months
to <5 years post-SIA vs. 27.2% pre-SIA, Supplementary Table S3).

Measles and rubella seroprevalence using facility-based
specimens

A significant increase in measles and rubella seroprevalence was
observed for children 9 months to 5 years and 5 to 15 years of age
using the residual specimens in Kanpur Nagar District following
the SIA (Figure 2, Supplementary Table S4), particularly for the
younger age group (measles seroprevalence [95% CI]: 73.6 [65.2,
82.0] vs. 89.8 [87.1, 92.5]; rubella seroprevalence [95% CI]: 39.6
[30.3, 48.9] vs. 70.7 [66.6, 74.8]). However, rubella seroprevalence
was below 90% for both age groups after the SIA (9 months to
younger than 5 years: 70.7%, 5 to 15 years: 86.3%).

Table 1. Characteristics of pediatric specimens collected at health facilities
before and after the MR supplemental immunization activity in Kanpur Nagar
District, Uttar Pradesh and Palghar District, Maharashtra

Kanpur Nagar, Uttar
Pradesh Palghar, Maharashtra

Pre-SIA
n (column %)

Post-SIA
n (column%)

Pre-SIA
n (column%)

Post-SIA
n (column%)

Total 398 1,360 213 838

Age group

9 months -
<5 years

106 (26.3) 481 (35.4) 53 (24.9) 310 (37.0)

5- < 15 years 292 (73.4) 879 (64.6) 160 (75.1) 528 (63.0)

Sex

Female 164 (41.2) 536 (39.4) 104 (48.8) 371 (44.3)

Male 234 (58.8) 824 (60.6) 109 (51.2) 467 (55.7)

Facility type

Public 166 (41.7) 655 (48.2) – –

Private 232 (58.3) 705 (51.8) – –

Originating
facility type

Subdistrict
hospital

– – 119 (55.9) 366 (43.7)

Rural hospital – – 35 (16.4) 279 (33.3)

Primary health
center

– – 59 (27.7) 193 (23.0)

Note: Restricted to specimens 9months and older with available EIA results. Pre-SIA collection
period was from 5 to 27 November 2018. Post-SIA collection period was substantially longer
than the pre-SIA period, lasting from 6 March 2019 to 31 July 2019.
Abbreviation: SIA, supplemental immunization activity.
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In Palghar District, no increase in measles seroprevalence was
observed following theSIA for the younger age group inPalgharDistrict
(90.6 [82.7, 98.4] vs. 92.6 [89.7, 95.5]), although pre-SIA seroprevalence
was high. A significant increase inmeasles seroprevalencewas observed
for the older age group and in rubella seroprevalence for both age
groups. No difference in seroprevalence was observed by sex for either
period or age group in either district (Supplementary Table S5).

Measles and rubella seroprevalence by facility type

A significant increase in measles seroprevalence was observed
following the SIA among children attending a public hospital but
not for those attending private facilities in Kanpur Nagar District

(Figure 3, Supplementary Table S6). Younger children whose spe-
cimens were tested at a public facility in Kanpur Nagar District had
significantly lower rubella seroprevalence prior to the SIA com-
pared to those attending a private hospital, though this difference
was not observed following the SIA or for older children at either
time point.

In Palghar District, the originating facilities included subdistrict
hospitals, rural hospitals, and primary health centers. For younger
children, both measles and rubella seroprevalence were highest
among those attending rural hospitals compared to subdistrict
hospitals or primary health centers. There was no difference in
measles or rubella seroprevalence by facility type among older
children (Supplementary Table S7).

Figure 2. Measles and rubella seroprevalence before and after the measles-rubella supplemental immunization activity among children 9 months to <15 years seen at health
facilities, by district.
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Trends in measles and rubella seroprevalence comparing
residual and community serosurveys

Although these studies were not designed to test differences in
seroprevalence between the community and facility-based speci-
mens, descriptive results of the changes in measles and rubella
seroprevalence following the SIA provide insights into the com-
parability of the estimates derived from the two specimen sources
following age standardization to align with the age distribution in
the community-based survey. No change inmeasles seroprevalence
was observed following the SIA among younger children in the
community-based serosurvey (pre-SIA 78.5 [72.8, 84.1] vs. post-
SIA 79.7 [75.0, 84.4]; Figure 4, Supplementary Table S8), however,
seroprevalence increased in the younger children attending the
facilities in Kanpur Nagar District (seroprevalence [95% CI]: pre-
SIA 75.4 [66.9, 83.8] vs. post-SIA 90.1 [86.4, 93.8]). The measles
seroprevalence post-SIA among younger children enrolled in the

community-based serosurvey was significantly lower than that
among children attending the facilities. For the older age group
in Kanpur Nagar District, the increase after the SIA was observed
using either specimen source, and there was no difference in the
estimates by specimen source before or after the SIA. In Palghar
District, measles seroprevalence increased following the SIA among
younger children enrolled in the community survey (pre-SIA 82.5
[77.3, 87.8] vs. post-SIA 95.4 [92.8, 98.0]), but not among those
attending the facility (pre-SIA 90.7 [78.6, 100] vs. post-SIA 93.4
[88.6, 98.3]). An increase in measles seroprevalence following the
SIA was observed for older children enrolled in the community
survey (pre-SIA 74.8 [69.6, 80.1] vs. post-SIA 95.9 [93.7, 98.1]), but
this was not significantly different for those attending the facility
(pre-SIA 92.0 [87.2, 96.9] vs. post-SIA 97.8 [95.1, 100]). For both
age groups, there was no difference by specimen source in the post-
SIA seroprevalence.

Figure 3. Measles and rubella seroprevalence before and after the measles-rubella supplemental immunization activity among children 9 months to <15 years seen at health
facilities in Kanpur Nagar District Uttar Pradesh, by public and private facility type.
Legend: Facilities include GSVMMedical College (public hospital) and Paliwal Diagnostics (private diagnostic laboratory). Numbers at bottom of each bar represent the sample size
in each facility and period.
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Rubella seroprevalence was significantly lower prior to the SIA
among younger children in the community compared to those
attending the facilities in Kanpur Nagar District (15.6 [11.5, 19.7]
versus 43.2 [36.3, 50.0]); however, no difference was observed
following the SIA for either age group. No significant differences
in rubella seroprevalence were observed in Palghar District when
comparing residual and community serosurveys for either age
group or timepoint, and similar trends of increasing seroprevalence
were observed in both serosurveys.

Sensitivity analyses to better align the geographic distribution
of community and residual specimens

In Kanpur Nagar District, both facilities where residual specimens
were collected were located within the Kanpur metropolitan area,
but 40% of the survey clusters were located outside the metro area
(Figure 1). In contrast, in Palghar District, 43% of the 60 survey
clusters in the community-based serosurvey were in the highly
urban area of Vasai-Virar because clusters were selected based on
probability proportional to size. However, few residual specimens
collected from health facilities located in this area were received at
Hind Laboratories. Sensitivity analyses restricting the community-
based serosurveys to clusters that were more closely aligned with
where the residual specimens originated were conducted to recal-
culate measles and rubella seroprevalence. However, little differ-
ence was observed when comparing the original estimates to the
restricted estimates (Supplementary Tables S9 and S10), and the
changes did not result in estimates closer to those from the residual
serosurvey. The Moran’s I statistic for measles and rubella

seroprevalence results by cluster based on the community-based
sample in Palghar and Kanpur Nagar Districts were not statistically
significant (Supplementary Table S11), demonstrating there was
no evidence of spatial clustering by seroprevalence (Figure 5,
Supplementary Figure S1). Due to the lack of spatial variation,
spatial-weighted seroprevalence estimates from the facility-based
samples were not compared to the seroprevalence estimates from
the community-based samples.

Discussion

Using residual specimens collected from children visiting health
facilities and diagnostic laboratories, we documented increases in
measles and rubella seroprevalence in two districts in India follow-
ing theMR SIA, although with some inconsistencies and variability
by type of facility. In Kanpur Nagar District, a significantly higher
measles seroprevalence was observed following the SIA for both age
groups using residual specimens, but no significant change was
observed in the younger age group using community specimens.
However, the opposite was observed in Palghar District, with no
change following the SIA for either age group using residual spe-
cimens but a significant increase for both age groups using the
community specimens. Older children in PalgharDistrict attending
the facility had significantly higher measles seroprevalence prior to
the SIA compared to those enrolled in the community survey. The
reasons for these differences in measles seroprevalence are unclear
but did not appear to be due to spatial variation in the specimen
source. An increase in rubella seroprevalence following the SIA was
observed using both specimen sources and districts, and no

Figure 4.Measles and rubella seroprevalence before and after themeasles-rubella supplemental immunization activity among children 9months to <15 years, by specimen source.
Legend: In Palghar District, Maharashtra, all analyses are restricted to children 1 year and older due to lack of facility specimens for children 9 months – 1 year. For community
analyses, age is age at time of survey and estimates are survey weighted. Facility samples age-standardized to pre-SIA community age distribution.
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differences by specimen source were observed in the post-SIA
rubella seroprevalence in either district or age group.

The few prior studies comparing residual and community-based
were conducted in high-income settings [12–14]. Our study was
conducted in a lower-middle-income setting and obtained pediatric
residual specimens from different types of public and private
facilities. Which individuals are more likely to attend certain health
facilities, and how the characteristics of those individuals are cor-
related with seroprevalence (e.g., socioeconomic status, vaccine
access), likely varies by setting and by antigen (VPD vs. non-
VPD). These factors may in turn influence how well residual
specimens represent the community. Unlike prior studies, we
estimated seroprevalence at two timepoints and observed the
residual versus community seroprevalence estimates varied by
timepoint and antigen.

Rubella-containing vaccine was only available in the private
sector in India prior to the recentMR SIA, commonly administered
as measles-mumps-rubella vaccine according to the recommenda-
tions of the Indian Association of Paediatrics [20]. The rubella
seroprevalence findings in Kanpur Nagar District reflect this, with
significantly higher seroprevalence prior to the SIA among younger
children seen at private versus public facilities, likely due to differ-
ential access to the rubella-containing vaccine, but no difference
among older children in whom seropositivity is primarily due to
natural infection. The National Family Health Survey (NFHS-5,
2020–2021) estimated 3.6% of children 12 – 23 months living in

Kanpur Nagar District received most of their vaccinations in a
private health facility [21, 22]. Community-based rubella sero-
prevalence for younger children is more similar to that from
residual specimens collected at the public facility, reflecting the fact
that most children in the district received vaccines in public settings
and may not have had access to rubella-containing vaccine prior to
the SIA. In Kanpur Nagar District, the impact of the SIA was seen
most clearly among children who attended the public facilities, with
significant increases in seroprevalence for both antigens and age
groups. In the private setting, a significant increase was only
observed for rubella among older children. This may reflect higher
pre-SIAmeasles and rubella seroprevalence for younger children in
private facilities, possibly related to increased access to vaccines
associated with characteristics of individuals attending private
facilities or lower uptake of the SIA among children who attended
private facilities as observed in a qualitative study in Kerala [23].

Community-based serosurveys are commonly considered the
“gold standard” for estimating seroprevalence as they are designed
to be representative of the population. However, the planning and
fieldwork for these surveys are time-consuming and costly, typic-
ally requiringmultiple survey teams and vehicles [24]. Community-
based serosurveys are also subject to biases in the sampling frame
due to incorrect or outdated population estimates and unavailabil-
ity or non-response, especially for blood collection. In contrast,
residual specimens utilize previously collected blood specimens, so
the staffing, cost, and transportation requirements are significantly

Figure 5. Seroprevalence by sampling cluster from community-based serosurvey in Kanpur Nagar District, Uttar Pradesh and Palghar District, Maharashtra.
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reduced compared to community-based serosurvey. This enables
collection of specimens over a longer period or at multiple time-
points to assess trends. Facility-based specimens often allow for a
wider age range of specimens, including ages difficult to capture in
community-based surveys, such as school-aged children or work-
ing adults who may be unavailable when the survey is conducted.
However, the primary concern with residual specimens is the lack
of representativeness of the target population due to differences in
geographic distribution and health care access. Limited metadata is
available for residual specimens, which makes it difficult to explore
the characteristics of individuals attending the facility and conduct
adjusted analyses.

There are limitations to this work that may impact the findings.
Due to timing of the SIA, we were only able to collect a limited
number of pre-SIA specimens, and the smaller sample size may
have affected comparisons with post-SIA residual and community-
based estimates, especially for subgroup analyses by facility type.
Few metadata were available for the residual specimens, such as
information on individual or household characteristics or vaccin-
ation history, which can limit the ability to target immunity gaps or
inferences about the representativeness of the sample. Similarly,
geographic data on where the patient resided was not available,
although we had information on the origin of residual specimens
received at the diagnostic laboratories. The community-based ser-
osurvey was designed to be representative at the district level;
however, residual specimens were only collected from a small
number of facilities in each district. We were able to include a
mix of facility types (private, public) as well as diagnostic labora-
tories that received specimens from different sources across the
districts, although we are unable to confirm the spatial distribution
of the patients. Although we related the public versus private
findings in Kanpur Nagar District to private access to vaccines,
we cannot confirm if patients attending the private diagnostic
laboratory also received their vaccines through the private sector.
However, it is unlikely the higher rubella seroprevalence in the
private residual specimens would have been driven by natural
exposure given the expected levels of rubella transmission in the
community.

Using residual specimens fromhealth facilities, wemeasured the
impact of the MR SIA on measles and rubella seroprevalence,
although there were some differences from what was observed
using community-based estimates. Few published studies are avail-
able that directly compare community-based and residual speci-
men serosurveys [12–14].While our study provides one example of
this comparison in a low-and middle-income setting, additional
studies are needed to further explore this comparison in different
settings. Despite challenges with representativeness and limited
data available, residual specimens can play an important role in
estimating seroprevalence and assessing trends [11]. Establishment
of sentinel facility-based surveillance would enable ongoing sur-
veillance at low cost tomonitor changes in seroprevalence over time
due to changes or disruptions in the immunization programmes
and potentially detect immunity gaps, which may increase the risk
of outbreaks [25].
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Data availability statement. A subset of the key anonymised individual
participant data collected during the study, along with a data dictionary, is
available upon request made to the corresponding author, after approval of a
proposal by the study core investigators with a signed data-access agreement.

Acknowledgements. We acknowledge staff at all facilities (Palghar District,
Maharashtra: Hind LabDahanu, Hind Lab Jawhar, Subdistrict Hospitals in Kasa
and Dahanu; Kanpur Nagar District, Uttar Pradesh: Paliwal Diagnostics, Kan-
pur Medical College) and MRHRUs (MRHRU Ghatampur: Amit Tiwari,
MohammadWasim, and Jitendra Chaurasiya; MRHRU Dahanu: Ashish Dhul-
sada, Dipika Talge, and Priti Valvi). We acknowledge the support with data
management field activities from K Kanagasabai, Augustine Duraiswamy, and
D Sudha Rani (National Institute of Epidemiology-Chennai). We acknowledge
the state and district health officials; primary healthcare staff for their support in
field activities. We also thank WHO Surveillance Medical Officers in field
supervision and support.

Author contribution. Conceptualization: K.H., M.M., A.Z.H., N.G., G.S., L.S.,
S.M., M.S.K., J.W.V.T., W.J.M., C.P.; Funding acquisition: K.H., W.J.M.; Investi-
gation: K.H., A.L., A.Z.H., A.K.S., A.K.B., I.K.C., N.G., S.S., G.R.D., M.K., R.N.K.,
N.R.S., O.K., P.G., R.S., M.S.K., V.S.K., S.K.C., S.L.C., J.W.V.T., V.B., C.P.; Meth-
odology: K.H.,M.M., A.Z.H., N.G., G.S., L.S., S.M.,M.S.K., J.W.V.T.,W.J.M., C.P.;
Project administration: K.H., M.M., N.G., G.S., L.S., W.J.M.; Supervision: K.H.,
M.M., N.G., G.S., L.S., M.S.K., J.W.V.T., W.J.M.; Writing – original draft: K.H.,
A.K.W., A.Z.H.,M.S.K., J.W.V.T., W.J.M., C.P.; Writing – review & editing: K.H.,
A.K.W., M.M., A.L., A.Z.H., A.K.S., A.K.B., I.K.C., N.G., S.S., G.S., G.R.D., I.E.,
M.K., R.N.K., N.R.S., O.K., P.G., R.S., L.S., S.M., M.S.K., V.S.K., S.K.C., S.T., S.L.C.,
J.W.V.T., V.B., W.J.M., C.P.; Formal analysis: A.K.W., I.E., C.P.; Data curation:
A.Z.H., R.S., M.S.K., V.S.K., J.W.V.T., C.P.; Software: R.S.

Funding statement. This work was supported by the Strengthening Immun-
ization Systems through Serosurveillance grant (grant number 1094816) from
The Bill & Melinda Gates Foundation to the International Vaccine Access
Center, Department of International Health, Johns Hopkins Bloomberg School
of Public Health (WJM and KH). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

References

[1] Cutts FT and Hanson M (2016) Seroepidemiology: An underused tool for
designing and monitoring vaccination programmes in low- and middle-
income countries.TropicalMedicine& InternationalHealth 21(9), 1086–1098.

[2] Hasan AZ, et al. (2021) Implementing Serosurveys in India: Experiences,
lessons learned, and recommendations. American Journal of Tropical
Medicine and Hygiene 105(6), 1608–1617.

[3] Mutembo S, et al. (2018) Integrating blood collection within household
surveys: Lessons learned from nesting a measles and rubella serological survey
within a post-campaign coverage evaluation survey in Southern Province,
Zambia.American Journal of TropicalMedicine andHygiene99(6), 1639–1642.

[4] Thomson DR, et al. (2020) Gridded population survey sampling: A
systematic scoping review of the field and strategic research agenda.
International Journal of Health Geographics 19(1), 34.

[5] Boo G, et al. (2020) A grid-based sample design framework for household
surveys. Gates Open Research 4, 13.

[6] Thomson DR, et al. (2021) Addressing unintentional exclusion of vul-
nerable and mobile households in traditional surveys in Kathmandu,
Dhaka, and Hanoi: A mixed-methods feasibility study. Journal of Urban
Health. 98(1), 111–129.

[7] Jones JM, et al. (2021) Estimated US infection- and vaccine-induced
SARS-CoV-2 seroprevalence based on blood donations, July 2020–May
2021. Journal of the American Medical Association 326(14), 1400–1409.

[8] Choisy M, et al. (2019) Seroprevalence surveillance to predict vaccine-
preventable disease outbreaks; A lesson from the 2014measles epidemic in
Northern Vietnam. Open Forum Infectious Diseases 6(3), ofz030.

[9] Sazzad HM, et al. (2017) Surveillance at private laboratories identifies
small outbreaks of hepatitis E in urban Bangladesh. American Journal of
Tropical Medicine and Hygiene 96(2), 395–399.

[10] Carcelen AC, et al. (2022) Leveraging a national biorepository in Zambia
to assess measles and rubella immunity gaps across age and space. Scien-
tific Reports 12(1), 10217.

[11] Bobrovitz N, et al. (2021) Global seroprevalence of SARS-CoV-2 anti-
bodies: A systematic review andmeta-analysis. PLoS One 16(6), e0252617.

Epidemiology and Infection 9

https://doi.org/10.1017/S0950268824001353 Published online by Cambridge University Press

http://doi.org/10.1017/S0950268824001353
https://doi.org/10.1017/S0950268824001353


[12] Bajema KL, et al. (2021) Comparison of estimated severe acute respiratory
syndrome coronavirus 2 seroprevalence through commercial laboratory
residual sera testing and a community survey. Clinical Infectious Diseases
73(9), e3120–e3123.

[13] Kugeler KJ, et al. (2022) Assessment of SARS-CoV-2 seroprevalence by
community survey and residual specimens, Denver, Colorado, July-august
2020. Public Health Reports 137(1), 128–136.

[14] Kelly H, et al. (2002) A random cluster survey and a convenience sample
give comparable estimates of immunity to vaccine preventable diseases in
children of school age in Victoria, Australia. Vaccine 20(25–26),
3130–3136.

[15] Gurnani V, et al. (2018) Measles-rubella supplementary immunization
activity readiness assessment - India, 2017–2018.MMWR: Morbidity and
Mortality Weekly Report 67(26), 742–746.

[16] Ministry of Health & Family Welfare (2017) Introduction of Measles-
Rubella Vaccine (Campaign and Routine Immunization) National Oper-
ational Guidelines.

[17] Ministry of Health and Family Welfare Government of India (2022)
National Immunization Schedule (NIS) for Infants, Children and Preg-
nant Women 2022 [cited 2023 May 1]. Available at https://main.mohfw.
gov.in/sites/default/files/245453521061489663873.pdf.

[18] Murhekar MV, et al. (2022) Evaluating the effect of measles and rubella
mass vaccination campaigns on seroprevalence in India: A before-and-

after cross-sectional household serosurvey in four districts, 2018–2020.
Lancet Global Health 10(11), e1655–e1664.

[19] Maile A, et al. (2023) Experiences & challenges in making model rural
Health Research unit (MRHRU) pandemic ready - establishing COVID-
19molecular diagnostic facility atMRHRU,Dahanu,Maharashtra. Indian
Journal of Medical Research 157(6), 593–597.

[20] TanejaDKand SharmaP (2012) Targeting rubella for elimination. Indian
Journal of Public Health. 56(4), 269–272.

[21] International Institute for Population Sciences ICF (2017) National
family health survey (NFHS-4), 2015–16: India. International Institute
for Population Sciences ICF, 1–192.

[22] Ministry of Health and Family Welfare Government of India (2021)
National family health survey (NFHS-5), 2019–21: India [August
13, 2021]. Available at http://rchiips.org/nfhs/NFHS-5_FCTS/India.pdf.

[23] Krishnendhu VK and George LS (2019) Drivers and barriers for measles
rubella vaccination campaign: A qualitative study. Journal of Family
Medicine and Primary Care. 8(3), 881–885.

[24] Carcelen AC, et al. (2020) Howmuch does it cost tomeasure immunity? A
costing analysis of a measles and rubella serosurvey in southern Zambia.
PLoS One 15(10), e0240734.

[25] Vaidyanathan G (2022) Massive measles outbreak threatens India’s goal
to eliminate disease by 2023. Nature. 10.1038/d41586-022-04480-z,
https://www.nature.com/articles/d41586-022-04480-z

10 Christine Prosperi et al.

https://doi.org/10.1017/S0950268824001353 Published online by Cambridge University Press

https://main.mohfw.gov.in/sites/default/files/245453521061489663873.pdf
https://main.mohfw.gov.in/sites/default/files/245453521061489663873.pdf
http://rchiips.org/nfhs/NFHS-5_FCTS/India.pdf
https://doi.org/10.1038/d41586-022-04480-z
https://www.nature.com/articles/d41586-022-04480-z
https://doi.org/10.1017/S0950268824001353

	Increased measles and rubella seroprevalence in children using residual blood samples from health facilities and household serosurveys after supplementary immunization activities in two districts in India
	Introduction
	Methods
	Survey setting
	Residual specimens
	Community-based specimens
	Specimen testing
	Statistical analysis
	Ethical considerations

	Results
	Description of facility-based residual specimens
	Measles and rubella seroprevalence using facility-based specimens
	Measles and rubella seroprevalence by facility type
	Trends in measles and rubella seroprevalence comparing residual and community serosurveys
	Sensitivity analyses to better align the geographic distribution of community and residual specimens

	Discussion
	Supplementary material
	Data availability statement
	Acknowledgements
	Author contribution
	Funding statement
	References


