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Background: During a measles epidemic, the Ministry of Public Health (MOH) of the Democratic Republic
of the Congo conducted supplementary immunization activities (2016-SIA) from August 28-September 3,
2016 throughout Maniema Province. From October 29-November 4, 2016, Médecins Sans Frontières and
the MOH conducted a reactive measles vaccination campaign (2016-RVC) targeting children six months
to 14 years old in seven health areas with heavy ongoing transmission despite inclusion in the 2016-SIA,
and a post-vaccination survey. We report the measles vaccine coverage (VC) and effectiveness (VE) of the
2016-SIA and VC of the 2016-RVC.
Methods: A cross-sectional VC cluster survey stratified by semi-urban/rural health area and age was con-
ducted. A retrospective cohort analysis of measles reported by the parent/guardian allowed calculation of
the cumulative measles incidence according to vaccination status after the 2016-SIA for an estimation of
crude and adjusted VE.
Results: In November 2016, 1145 children (6–59months old) in the semi-urban and 1158 in the rural areas
were surveyed. Post-2016-SIA VC (documentation/declaration) was 81.6% (95%CI: 76.5–85.7) in the semi-
urban and 91.0% (95%CI: 84.9–94.7) in the rural areas. The reported measles incidence in October among
children less than 5 years old was 5.0% for 2016-SIA-vaccinated and 11.2% for 2016-SIA-non-vaccinated in
the semi-urban area, and 0.7% for 2016-SIA-vaccinated and 4.0% for 2016-SIA-non-vaccinated in the rural
area. Post-2016-SIA VE (adjusted for age, sex) was 53.9% (95%CI: 2.9–78.8) in the semi-urban and 78.7%
(95%CI: 0–97.1) in the rural areas. Post 2016-RVC VC (documentation/declaration) was 99.1% (95%CI:
98.2–99.6) in the semi-urban and 98.8% (95%CI: 96.5–99.6) in the rural areas.
Conclusions: Although our VE estimates could be underestimated due to misclassification of measles sta-
tus, the VC and VE point estimates of the 2016-SIA in the semi-urban area appear suboptimal, and in com-
bination, could not limit the epidemic. Further research is needed on vaccination strategies adapted to
urban contexts.
� 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Morbillivirus, responsible for causing measles, is extremely
contagious. It constitutes one of the greatest contributors to the
vaccine-preventable burden of morbidity and mortality among
children. The Democratic Republic of the Congo (DRC) seeks to
eliminate measles by 2020 [1]. The current strategy for achieving
this ambitious goal includes the administration of two doses of
measles vaccine (single antigen). Under the Expanded Program
on Immunization (EPI), as part of routine vaccination, the first dose
of the measles-containing vaccine (MCV) is given at 9–11 months
of age, while the second dose of MCV targets older children (up
to 59 months or 14 years) [2]. In 2009, an historic low in reported
measles cases was seen in DRC. Unfortunately, from 2010 to pre-
sent day, DRC has experienced a rebound in measles cases, with
epidemics [3–5].

A vast country, DRC is divided into 26 provinces [6]. Maniema
Province, located in southeast DRC, comprises 18 health zones,
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including Kunda, which is partitioned into 30 health areas. With
approximately one quarter of a million inhabitants, Kunda consists
of rural and semi-urban terrain, spread across 6,073 km2 with poor
road infrastructure and limited access to healthcare. Considerable
population displacement—related to a history of wars and instabil-
ity, current armed militia movements, and mining activities—exist,
further complicating the fragile health system. Kunda is also prone
to measles epidemics [7].

In recent years, the administrative measles vaccine coverages of
SIA reported for Maniema Province reached or exceeded 100%:
100.7% in 2013 (six months to 14 years) [8]; 107.8% in 2014
(6 months to 10 years) [8]; and 99.9% in 2016 (6–59 months) [9].
Nevertheless, from epidemiological weeks 11–34, 2016 (March
14-August 28), nearly 400 suspected measles cases were reported
from eight health areas of Kunda. Blood samples collected in epi-
demiological week 34, 2016 from 10 suspected cases all tested
IgM-positive for measles by the National Institute of Biomedical
Research in Kinshasa. In the following weeks, through epidemio-
logical week 47, 2016 (November 27), more than 1,800 suspected
measles cases were reported in 13 health areas of Kunda. From
28 August-03 September 2016, the Ministry of Public Health
(MOH) of DRC conducted their previously planned SIA (hereafter
referred to as the ‘‘2016-SIA”), targeting children from 6 to
59 months of age across all 30 health areas of Kunda. Despite these
efforts, the epidemic continued. Approximately six weeks after the
start of the 2016-SIA, 20 additional blood samples collected in epi-
demiological week 40, 2016 from suspected measles cases tested
positive for measles. Samples were collected from children ranging
in age and severity of illness – all meeting the clinical case defini-
tion for measles; half were from children vaccinated 37 days prior
to sample collection and half were from children not vaccinated
during the 2016-SIA. From October 29-November 4, 2016, in col-
laboration with the MOH, MSF conducted a reactive measles vacci-
nation campaign (hereafter referred to as the ‘‘2016-RVC”)
targeting children six months to 14 years of age in seven heavily-
impacted health areas of Kunda, initially covered by the 2016-
SIA, with ongoing measles transmission. To describe this epidemic,
we analyzed surveillance data. We also conducted a post-
vaccination survey to assess the measles VC of the 2016-RVC in
Kunda (primary objective) and the measles VC and the measles
vaccine effectiveness (VE) of the 2016-SIA (secondary objectives).

2. Methods

2.1. Surveillance data

The MOH epidemiological surveillance system in Kunda Pro-
vince is based on the national integrated disease surveillance sys-
tem organized by the Programme Elargi de Vaccination, Ministère
de la Santé Publique, Service des Maladies Transmissibles et Non
Transmissibles, Direction de la Lutte Contre la Maladie. Health offi-
cers in charge of public and private health centers report the aggre-
gated number of cases and deaths attributed to measles weekly to
the Health Zone Central Office; information is then relayed to the
provincial and national levels. A suspected measles case—as
defined by the WHO and validated at the DRC country level—is
any person presenting with a fever, and a generalized maculopapu-
lar rash, and cough, coryza (runny nose), and/or conjunctivitis (red
eyes); or any person whom a health professional suspects as hav-
ing measles. From August 22-November 27, 2016, MSF strength-
ened the surveillance system in the health areas of Kunda
Province reporting suspected measles cases by introducing individ-
ual data reporting, ensuring regular supervisory visits to health
centers, engaging the community, and conducting active case find-
ing. Data were entered and analyzed in Excel (Redmond, WA, USA).
Attack rates (ARs) were defined as the number of measles cases
divided by the population at risk. Population figures were esti-
mated based on a census conducted in early 2016 by the Health
Zone Central Office.

2.2. Survey design, population, and sample size

This was a cross-sectional survey using two-stage cluster sam-
pling, stratified by age (6–59 months and 5–14 years) and type of
health area (the semi-urban health area of Bikenge and six rural
health areas [Kabonga, Kapuri, Kasubi, Mbutu, Mwema and Min-
gana]). The target population included children six months to
14 years of age at the time of vaccination, residing in the seven
health areas of Kunda included in the 2016-RVC. With an expected
VC of 90% from the 2016-RVC, aiming for a precision of 5% and
assuming a design effect of four (alpha 5%), an estimated minimum
sample size of 602 children per age and geographic stratum was
calculated. Given an average household size of five [7], with 18%
of the population 6–59 months and 50% less than 15 years of
age, considering a non-response rate of 10%, 30 clusters of 27
households (810 households) per geographic stratumwere needed.
Clusters were randomly selected from the list of villages and
neighborhoods of the targeted health zones, with the probability
of selection proportional to the population size. In each cluster,
the first house/compound was randomly selected following a ran-
dom direction from a central location in the cluster (for areas orga-
nized in a non-linear fashion), or by segmentation (for areas
organized in a linear fashion). For non-linear villages, this entailed
walking to the edge of the village in a random direction, then walk-
ing in a new random direction to the village boundary while num-
bering all houses/concession on the right side, and then choosing
the first house or concession using a random number table. For lin-
ear villages, this involved dividing the village into four segments,
numbering all houses/concessions in the randomly selected
segment, and then choosing the first house or concession using a
random number table. After the selection of the initial house/com-
pound, each subsequent house/compound was selected by proxim-
ity, irrespective of the initial segment. Only one household was
randomly selected within each house/compound to limit intra-
compound clustering. All children 6 months to 14 years of age,
residing—at minimum—in a selected household since the 2016-
SIA, and for whom informed consent was obtained, were included.

2.3. Data collection

Trained interviewers, fromMSF and the MOH, collected the data
using a standardized questionnaire in Swahili. Information was col-
lected on age (with the assistance of a local events calendar in the
absence of documentation) and sex, vaccination status against
measles (based on documentation or self-report by the parent/
guardian), source of vaccination (2016-SIA; and/or 2016-RVC; and/
or outside of 2016 campaigns: routine EPI, and/or a previous mass
vaccination campaign [SIA or other]), reason for non-vaccination,
any deaths among children in the household in 2016, and previous
measles episodes (signs, symptoms, date, hospitalization). The par-
ent/guardianwas askedwhether the child had ever hadmeasles and
if so,when. (Of note, the inability of parents/guardians to distinguish
between routine EPI and previous campaigns led to the decision to
collect this information as a combined variable. Furthermore, infor-
mation on measles vaccination outside of the 2016 campaigns was
limited to ‘‘no” or ‘‘at least one dose”.)

2.4. Data analyses

Data were entered into EpiData v3.1 (Odense, Denmark), with at
least 10% of all entries re-entered for quality control. Data were
analyzed with Stata v13 (College Station, TX, USA). All analyses
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accounted for the sampling design (including weighting on the
number of households per compound, though not on the probabil-
ity of each household being selected [10]) and considered the age
groups targeted by the respective vaccination campaigns (i.e.,
while questionnaires were administered to all children six months
to 14 years of age at the time of the survey, the analyses accounted
for age at time of vaccination). The analyses assumed that the
selection of clusters was self-weighting with the exception of the
number of households per compound [10]. VC are presented as
percentages with 95% confidence intervals (95%CI).

To estimate the VE of the 2016-SIA, we used a retrospective
cohort analysis. The cumulative measles incidence (%, weighted
on the number of households per compound) was calculated by
age group and vaccination status for all children 6–59 months of
age and residing in the survey area during the 2016-SIA. Only
measles cases reported between the end of the 2016-SIA (03
September) and the start of the 2016-RVC (29 October) were meant
to be considered for this analysis. However, to account for the per-
iod of incubation, time to seroconversion, and given the difficulty of
obtaining a precise date for the start of a measles episode, only chil-
dren reported by the parent/guardian to have had measles in Octo-
ber 2016 were ultimately included in the analysis. The VE was
estimated using Poisson regression according to the following for-
mula: 100*(1-[incidence vaccinated / incidence non-vaccinated]).
Crude and adjusted (age and sex) estimates were calculated and
presented with 95%CIs using Poisson regression and Taylor lin-
earized standard error. Surveillance data suggested an attack rate
of 11% among children aged 6–59 months in the semi-urban health
area between the two vaccination campaigns. Hence, we expected
to find approximately 66 (0.11*602) cases of measles among the
children aged 6–59 months included in the survey in the
semi-urban health area. This number of cases permits the estima-
tion of a VE of 60%, with a 95%CI from 27 to 78% (Pass v13, Kaysville,
Utah, USA).

2.5. Ethics

Conducted during the emergency context of a measles epidemic,
this research received approval from the Ministry of Public Health
of the DRC and the health authorities of Maniema Province (Refer-
ence 5702/07/Rte/17/BUR-SECT/ML/2016). Oral, informed consent
was obtained from all study participants prior to participation.
3. Results

3.1. Description of the epidemic

In total, considering all ages, 1818 measles cases were reported
from epidemiological weeks 30–47, 2016 (25 July-27 November)
as individual data, and approximately 393 cases were reported
from epidemiological weeks 11–34 (14 March-28 August), as
aggregate data (Fig. 1).

Based on the individual surveillance data, children in the semi-
urban area and those less than five years of age were most affected.
In the semi-urban stratum, themeasles attack rate (AR) among chil-
dren sixmonths to 14years of agewas10.4%overall, amongchildren
6–59 months 25.4%, and among children 5–14 years 1.7%. In the
rural stratum, themeasles ARwas 0.6% overall, 1.4% among children
6–59 months, and 0.1% among children 5–14 years (Table 1).

3.2. Description of the survey participants

The survey was conducted November 16–25, 2016.
In the semi-urban stratum, 804 households were included and

in the rural stratum, 791 households were included (Table 2).
The median number of households per compound was one in both
strata (range: urban 1–9, rural 1–5). No households refused partic-
ipation. During the survey, seven households were absent in the
semi-urban and one in the rural strata. In total, 2464 children in
the semi-urban and 2771 children in the rural strata participated
(Table 2).

3.3. Vaccine coverage

When assessing vaccine coverage of the two campaigns,
documentation of vaccine status was readily available for the
2016-RVC, while information on the 2016-SIA relied heavily on
parent/guardian recall (Table 3). Of note, study interviewers
reported that the paper cards documenting vaccination status that
were handed out during the 2016-SIA were subject to stock rup-
tures, small in size, and distributed without an envelope or other
protection; in contrast, the paper cards from the 2016-RVC were
large, consistently issued in a plastic envelope, and more recently
distributed. Considering written and oral reported vaccination sta-
tus, the VC of the 2016-RVC reached 99% in all age groups and both
geographical strata. VC of the 2016-SIA was around 81% in the
semi-urban stratum and about 10% higher in the rural stratum.

No evidence exists of a difference of VC, with or without card,
according to sex in the 2016-RVC; the VC reached 99% in both
sexes and geographic strata (Table 3). In the 2016-SIA, VC was con-
sistent across sex within each stratum and approximately 10% dif-
ferent between strata; the semi-urban stratum was around 81%
while the rural stratum reached 91%, with a slight overlap of the
confidence intervals.

For both the 2016-SIA and 2016-RVC, considering the age group
6–59 targeted by both campaigns, the main reasons for non-
vaccination were absence of the child from the household during
the campaign (2016-SIA: 70/210, 35.0% in the semi-urban and
33/103, 31.1% in the rural strata; 2016-RVC: 8/23, 32.0% in the
semi-urban and 5/22, 21.7% in the rural strata) and the parent/
guardian of the child not having time to participate (2016-SIA:
43/210, 25.1% in the semi-urban and 17/103, 18.9% in the rural
strata; 2016-RVC: 5/23, 20.0% in the semi-urban and 11/22,
52.2% in the rural strata).

In the semi-urban stratum, 62.4% of the children (9 months to
14 years) received at least one dose of MCV outside of the 2016
campaigns (Table 4), via either the routine EPI or previous cam-
paigns, while 12.5% of the population received their first MCV dur-
ing the 2016-SIA and 24.9% during the 2016-RVC. In the rural
stratum, 84.7% of children (9 months to 14 years) received at least
one dose of MCV outside of the 2016 campaigns, while 5.1% of the
population received their first MCV during the 2016-SIA and 10.1%
for the first time during the 2016-RVC. In both the semi-urban and
rural strata, less than 1% of the population remained unvaccinated
following both campaigns. Among children 9–59 months of age,
88.6% in the semi-urban and 95.2% in the rural areas had received
at least two doses of MCV on the date of the survey.

3.4. Cumulative measles incidence and vaccine effectiveness

In the semi-urban area, the 2016 measles attack rate (AR) was
16.0% (186/1146) in children aged 6–59 months at the time of
the survey and 2.0% (31/1315) in children aged 5–14 years. In
the rural area, the 2016 measles AR was 3.0% (37/1159) in children
aged 6–59 months at the time of the survey and 0.8% (13/1611) in
children aged 5–14 years. A history of measles before October 2016
was reported for 116 (semi-urban stratum) and 25 (rural stratum)
children aged less than 5 years who were excluded from the vac-
cine effectiveness analysis (Table 5). In the semi-urban stratum,
the cumulative measles incidence (CMI) in October 2016 was more
than double in the group unvaccinated during the 2016-SIA (11.2%)



Fig. 1. Epidemiological curve of measles cases, Kunda, 2016. Given the inability to compare aggregate to individual data for the assessment of potential double reporting,
aggregate data from week 11–34 are featured in a box separate from the epidemiological curve. Individual data reporting, initiated in epidemiological week 34, was expected
to be fully operational by the beginning of epidemiological week 35.

Table 2
Age and sex of survey participants, Kunda 2016.

Stratum Males Females Total

n % n % N %

Semi-urbana (30 clusters, 804 households)
6–59 months 561 48 584 46 1145 47
5–14 years 609 52 710 54 1319 53
Total 1170 100 1294 100 2464 100
Rurala,b (30 clusters, 791 households)
6–59 months 573 42 585 41 1158 42
5–14 years 780 58 833 59 1613 58
Total 1353 100 1418 100 2771 100

a Age at time of survey; age missing for five children.
b Gender missing for five children.

Table 1
Attack rate according to stratum and age group, Kunda, 2016.

Stratum Age groupa,b Population Reported cases (W30 - W47) AR (%)

Semi-urban 6–59 months 5408 1371 25.4
5–14 years 9380 161 1.7
Total 14,787 1532 10.4

Rural 6–59 months 10,501 151 1.4
5–14 years 18,215 20 0.1
Total 28,716 171 0.6

a 30 values missing for age group.
b Proportion of the population by age group based on ‘‘United Nations, Department of Economic and Social Affairs, Population Division, World Population Prospects, the

2015 Revision”; Proportion of the population 6–59 months extrapolated (9/10 of the population 0–59 months).
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than in the vaccinated group (5.0%) (Table 5). The CMI in October
2016 was similar among children with a written MCV history
(5.1%) and children with a verbally reported MCV history (4.9%).
Adjusting for age (among children aged 9–59 months on the date
of the survey, that is aged 6–56 months at the time of the
2016-SIA) and sex, the point estimate of VE of the 2016-SIA was
lower than 80% with wide confidence intervals. In the rural stra-
tum, cumulative incidence was lower and VE tended to be higher,
but 95%CIs were very wide.
4. Discussion

Given its high infectivity, disrupting measles virus transmission
requires high population immunity, with thresholds ranging from
89 to 94% (according to the setting) [11]. However, in 2015, the
estimated coverage of the first dose of MCV in the African Region
was 74% and the worldwide coverage of the second dose of MCV
only 61% [12]. A review of field-based studies found a median VE
from the first dose of MCV of 84% (interquartile range (IQR),



Table 3
Vaccine coverage according to age and sex of the 2016-RVC and the 2016-SIA, Kunda.

Vaccinated with card Vaccinated with or without card

N % (n) 95%CI Deff % (n) 95%CI Deff

2016-RVCa,b,c

Semi-urban
6–8 months 71 95.7 (68) 84.4 – 98.9 1.5 100.0 (71) / /
9–59 months 1074 94.0 (994) 90.7 – 96.1 3.2 98.7 (1050) 97.3 – 99.4 1.7
5–14 years 1318 94.4 (1224) 89.7 – 97.1 7.3 99.5 (1306) 98.4 – 99.8 1.9
Male 1172 94.2 (1090) 90.2 – 96.7 5.2 99.3 (1158) 98.5 – 99.7 1.2
Female 1296 94.2 (1200) 20.4 – 96.6 4.9 99.0 (1274) 97.7 – 99.5 2.1
Total 2468 94.2 (2290) 90.7 – 96.5 11.5 99.1 (2432) 98.2 – 99.6 3.7
Rurald

6–8 months 54 96.4 (52) 85.6 – 99.2 1.0 96.4 (52) 85.6 – 99.2 1.0
9–59 months 1106 96.1 (1064) 91.9 – 98.2 6.0 98.3 (1086) 94.3 – 99.5 6.8
5–14 years 1615 98.4 (1590) 95.6 – 99.4 6.6 99.2 (1604) 97.0 – 99.8 5.5
Male 1356 98.0 (1327) 95.7 – 99.1 3.8 98.9 (1340) 97.0 – 99.6 3.6
Female 1419 97.2 (1380) 93.4 – 98.8 7.5 98.7 (1402) 95.8 – 99.6 6.5
Total 2775 97.6 (2707) 94.7 – 98.9 10.3 98.8 (2742) 96.5 – 99.6 7.2
2016-SIAb,e,f

Semi-urban
6–8 months 76 37.2 (23) 19.9 – 58.6 3.3 88.3 (61) 79.4 – 93.6 1.0
9–59 months 977 33.8 (258) 23.6 – 45.8 13.2 81.0 (781) 75.8 – 85.4 3.5
Male 523 35.8 (155) 25.2 – 48.1 7.4 81.2 (418) 75.3 – 86.1 2.4
Female 535 32.4 (128) 20.9 – 46.3 9.6 81.9 (428) 75.8 – 86.6 2.5
Total 1058 34.1 (283) 23.9 – 46.1 18.8 81.6 (846) 76.5 – 85.7 4.7
Ruralg

6–8 months 53 42.6 (22) 25.7 – 61.4 1.7 81.5 (43) 60.1 – 92.8 2.0
9–59 months 1028 43.2 (444) 30.8 – 56.5 17.3 91.4 (933) 85.0 – 95.2 7.7
Male 534 41.3 (219) 29.7 – 54.2 8.1 90.6 (479) 84.8 – 94.3 3.2
Female 549 44.9 (246) 31.9 – 59.0 10.3 91.1 (498) 82.9 – 95.6 6.0
Total 1083 43.1 (465) 31.1 – 56.1 13.3 90.9 (977) 84.9 – 94.6 5.5

Totals presented correspond to the analyses by gender.
Results weighted according to the number of households in each compound.
95%CI : 95% confidence interval; DEFF : Design effect.

a Age at the time of the survey.
b Five children missing age in each stratum excluded from analysis.
c One child missing vaccination status in each stratum excluded from analysis.
d Five children missing sex in the rural stratum excluded from analysis.
e Age at the time of the 2016-SIA.
f 21 children in the semi-urban stratum and 25 children in the rural stratum with missing or unknown vaccination status excluded from analysis.
g Two children missing sex in the rural stratum excluded from analysis.

Table 4
Vaccination opportunity and number of vaccinations with measles-containing vaccine, Kunda.

Na %

Vaccination opportunity

� One dose outside
of 2016 campaigns

First dose 2016-SIA First dose 2016-RVC Not vaccinated

Semi-urban
9–59 months* 974 62.2 26.8 10.6 0.4
5–14 years* 1103 62.5 0.0 37.4 0.1
Rural
9–59 months* 1029 83.3 12.2 4.5 0.1
5–14 years* 1413 85.9 0.0 14.1 0.0

Vaccinated at all 3 opportunities Vaccinated at 2 out of 3 opportunities Vaccinated at 1 out of 3 opportunities Not vaccinated
Semi-urban
9–59 months* 974 55.2 33.4 10.9 0.4
5–14 years* 1103 0.0 62.3 37.6 0.1
Rural
9–59 months* 1029 78.8 16.4 4.7 0.1
5–14 years* 1413 0.0 85.2 14.8 0.0

308 in semi-urban and 272 in rural strata ‘‘did not know” if MCV had been administered outside of the 2016 campaigns; 21 in semi-urban and 25 in rural strata ‘‘did not
know” if MCV had been administered during the 2016-SIA. These children were excluded from analysis; they were not classified as ‘‘not vaccinated”.

* Age at the time of the survey.
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72–95%) when administered at 9–11months of age and 92.5% (IQR,
84.8–97%) when given at more than 12 months of age [13]. In DRC,
ongoing measles transmission and the high risk of measles mortal-
ity drive down the recommended age for the first dose of MCV to
nine months for EPI (to as low as six months during campaigns),
ultimately augmenting the importance of the second dose of
MCV, after which approximately 95% of children develop protec-
tive immunity [12]. To limit measles transmission and ultimately



Table 5
Cumulative measles incidence (CMI) in October 2016 and VE of 2016-SIA, Kunda.

Vaccination status Na CMI October 2016 VE of SIA

n CMIb% Crudeb Adjustedb (agec and sex)

VE% VE% 95% CI

Semi-urbane Vaccinatedd at 2016-SIA 745 36 5.0 55.5 53.9 2.9 – 78.1
with card 254 12 5.1
without card 491 24 4.9
Not vaccinated at 2016-SIA 192 19 11.2
1st MCVd at 2016-SIA 230 12 6.4 67.7 66.6 14.3 – 87.0
Additional MCVd,f at 2016-SIA 469 19 4.0 78.8 78.5 46.2 – 91.4
�1 MCVd,f prior but not at 2016-SIA 57 1 0.8 95.7 95.6 59.2 – 99.5
No MCV before or at 2016-SIA 105 18 18.7

Ruralg Vaccinatedd at 2016-SIA 959 8 0.7 81.5 78.7 0 – 97.1
Not vaccinated at 2016-SIA 97 4 4.0

a Among children aged 9–59 months on the date of the survey, that is aged 6–56 months at the time of the 2016-SIA.
b All results are weighted on the number of households per compound
c Adjusted for age in months according to the following categories: 9–11 months on the date of the survey (i.e. 6–8 at 2016-SIA), 12–14 (9–11 at 2016-SIA), 15–26 (12–23

at 2016-SIA), 27–38 (24–35 at 2016-SIA), 39–50 (36–47 at 2016-SIA), 51–59 (48–56 at 2016-SIA).
d With or without card.
e 21 missing values for vaccination status, among which five children had measles in October 2016; one unknown episode of measles in 2016.
f Unknown vaccination status prior to 2016-SIA for 76 children – including five with a measles episode reported in October 2016 and one unknown episode of measles in

2016.
g 23 missing values for vaccination status, none of which had measles in October 2016; one unknown episode of measles in 2016.
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eliminate measles, the WHO recommends 95% or higher coverage
with two doses of MCV.

This study found that while the VC of the 2016-RVC was high in
both strata, the VC of the 2016-SIA differed between the semi-
urban and rural strata, with coverage in the semi-urban area
appearing suboptimal for preventing the epidemic. Other research-
ers have similarly described suboptimal VC in urban/semi-urban
areas. A study in Burkina Faso found urban children less likely than
rural children to obtain all but the BCG vaccine as scheduled [14].
Findings from Iran showed that while no differences were
observed among children less than 1 year old, among 1–6 year
olds, urban children were much more likely than rural children
to have missed vaccines [15]. A study in China noted significantly
lower vaccination rates in urban children compared to rural chil-
dren [16]. Nevertheless, other studies have found contradictory
results [17,18]. Differences in context may explain the divergent
findings.

Our study found that among children aged 5–14 years, 14.1% in
the rural and 37.4% in the semi-urban health areas did not receive
their first dose of MCV until the 2016-RVC; this suggests a history
of poor performance of vaccination activities and strategies result-
ing in immunization deficiencies. This finding is supported by the
fact that despite initiating an approach in 2004 to bolster EPI,
SIA, and epidemiological surveillance activities, since 2010 DRC
has experienced a resurgence of measles and large-scale outbreaks
across the country [3–5]. According to our data, while a large pro-
portion of children had been vaccinated at two to three different
opportunities, there were still some children not reached through
routine immunization nor through both 2016 campaigns. A study
from Malawi [19] reported that SIAs are biased towards children
for whom access to care is already high. Conversely, a study from
Kenya [20], as well as an analysis of multiple low-/middle-
income countries [21], found that SIAs provide an effective oppor-
tunity for receiving a second dose of MCV and promote greater
equity by reaching children from lower socio-economic status.
Various factors may explain the differences, including characteris-
tics unique to each campaign. Importantly, these findings under-
score the necessity of routinely conducting post-SIA coverage
surveys rather than relying on administrative coverage estimates.
A study of seven countries in southern Africa that experienced a
resurgence in measles cases in SIA-targeted age groups suggested
that the outbreaks were due to suboptimal SIA coverage related
to overestimation of administrative coverage in the absence of
post-SIA coverage surveys [22].

While wide confidence intervals preclude drawing conclusions
about the VE in the rural area, in the semi-urban area, the VE point
estimates of the 2016-SIA tended to be below standard. VE consti-
tutes a valuable quality control measure of immunization pro-
grams. Concerns regarding a possible loss of VE arise when
measles outbreaks follow vaccination campaigns, especially in
areas where the economic and logistical burden of vaccine stock-
piling, handling, and distribution in observance of cold chain
requirements present challenges [23]. The DRC suffers from inade-
quate infrastructure, insufficient human resources, fuel shortages,
and insecurity [2]; these factors may compromise the cold chain,
resulting in exposure to heat and light, leading to loss of potency
of the MCV [24] and providing a possible explanation for the sub-
optimal VE point estimate observed.

A limitation of our study is that the sample size did not allow
for enough precision to assess VE, resulting in wide confidence
intervals; this is because the study was originally powered to
assess VC, with the VE analysis added subsequently. Second, the
sampling design may not have resulted in a strict probability sam-
ple; the effect of this on the estimates and confidence intervals is
not known [10]. Third, the definition of a measles case was based
on clinical signs/symptoms reported by the parent/guardian for
which non-differential misclassification bias is possible. In a
seroepidemiologic study of 600 children aged 12–47 months con-
ducted in Mozambique in 1986, low specificity of measles diagno-
sis based on caregiver recall of the last two to three years
introduced significant bias; VE estimates informed by serology
were nearly double the estimates obtained from maternal report-
ing [25]. Although recall bias is likely limited in our study given
that VE was assessed based on measles cases reported in the past
two months, the inclusion of suspects that were not true measles
cases could result in an underestimation of VE. The lack of investi-
gation of MCV history prior to 2016 (i.e., the number of doses
received as a component of EPI, SIA or another campaign) consti-
tutes another study limitation. In addition, data on nutritional sta-
tus and malaria infection, important confounders associated with
measles severity and vaccine uptake, were not collected [26–35].

Despite the efforts undertaken, elimination of measles remains
a challenge. The worst measles epidemic in the world and the lar-
gest in the DRC in decades, declared in 2018 after the initial writing



2806 R.M. Coulborn et al. / Vaccine 38 (2020) 2800–2807
of this article, demonstrates this. A combination of suboptimal VC
and below standard VE lowers vaccine-induced immunity in the
population, exacerbating the risk of epidemics [5,12]. The findings
from this study highlight the need for more research to guide the
development of vaccination strategies tailored to urban contexts.
In addition, more qualitative research is needed to elucidate the
perspective of the population towards vaccination in order to
understand why some children remain unvaccinated despite mul-
tiple opportunities. Finally, greater investigation and documenta-
tion of field VE and its determinants is essential to confirm the
results from this study and understand reasons why VE may be
below standard; it may be beneficial for vaccination campaigns
to provide and emphasize to the population the importance of
keeping documentation to facilitate the ascertainment of vaccina-
tion status and for future research to collect blood samples to
assess seroprevalence data.
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