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Abstract

The Democratic Republic of the Congo (DRC) has a high measles incidence despite elimi-

nation efforts and has yet to introduce rubella vaccine. We evaluated the performance of a

prototype rapid digital microfluidics powered (DMF) enzyme-linked immunoassay (ELISA)

assessing measles and rubella infection, by testing for immunoglobulin M (IgM), and immu-

nity from natural infection or vaccine, by testing immunoglobulin G (IgG), in outbreak set-

tings. Field evaluations were conducted during September 2017, in Kinshasa province,

DRC. Blood specimens were collected during an outbreak investigation of suspected mea-

sles cases and tested for measles and rubella IgM and IgG using the DMF-ELISA in the
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field. Simultaneously, a household serosurvey for measles and rubella IgG was conducted

in a recently confirmed measles outbreak area. DMF-ELISA results were compared with ref-

erence ELISA results tested at DRC’s National Public Health Laboratory and the US Cen-

ters for Disease Control and Prevention. Of 157 suspected measles cases, rubella IgM was

detected in 54% while measles IgM was detected in 13%. Measles IgG-positive cases were

higher among vaccinated persons (87%) than unvaccinated persons (72%). In the recent

measles outbreak area, measles IgG seroprevalence was 93% overall, while rubella sero-

prevalence was lower for children (77%) than women (98%). Compared with reference

ELISA, DMF-ELISA sensitivity and specificity were 82% and 78% for measles IgG; 88% and

89% for measles IgM; 85% and 85% for rubella IgG; and 81% and 83% for rubella IgM,

respectively. Rubella infection was detected in more than half of persons meeting the sus-

pected measles case definition during a presumed measles outbreak, suggesting substan-

tial unrecognized rubella incidence, and highlighting the need for rubella vaccine

introduction into the national schedule. The performance of the DMF-ELISA suggested that

this technology can be used to develop rapid diagnostic tests for measles and rubella.

Introduction

Measles and rubella (MR) cause a substantial public health burden and have been targeted for

regional elimination. Measles caused an estimated 9.8 million cases globally in 2019, a 65%

decrease from 2000 [1]. During 2000–2019, estimated measles deaths decreased 62% to

207,500, with an estimated 25.5 million deaths averted through vaccination [1]. Rubella typi-

cally causes mild illness, but infection during pregnancy can cause congenital rubella syn-

drome (CRS) leading to infant mortality and lifelong disability in surviving infants. Globally

reported rubella cases decreased 96% to 26,006 during 2000–2018 [2]. Despite efforts and

progress towards elimination, a global measles resurgence occurred in 2019, largely attributed

to lack of vaccination [1]. In 2020, global emergence of COVID-19 further jeopardized routine

immunization programs due to lockdowns and constrained health systems [3].

The Global MR Elimination Strategic Plan 2012–2020 outlined recommended strategies

including high coverage with two doses of MR-containing vaccines, effective disease surveil-

lance, outbreak preparedness and rapid response, and research and development of improved

diagnostic tools [4]. Challenges with accurate assessment of subnational vaccination coverage

to identify gaps in population immunity underscore the importance of effective measles sur-

veillance to detect virus circulation and target interventions [5]. Measles and rubella are clini-

cally similar fever-rash illnesses requiring laboratory testing for confirmation. The World

Health Organization (WHO) recommends investigation of all suspected MR cases, often

through integrated surveillance [5]; in the WHO African Region, only suspected cases testing

negative for measles immunoglobulin M (IgM) are tested for rubella IgM. Challenges with

consistent supplies for specimen collection and laboratory testing, specimen transport logis-

tics, and laboratory capacity frequently occur in low-resource settings, resulting in suboptimal

laboratory confirmation and uncertainty around disease burden and potential inappropriate

targeting of limited program resources.

The Democratic Republic of the Congo (DRC) is a key country for measles elimination

efforts in Africa because of its large population and geographic area, and central location with

nine international borders [6]. In DRC, WHO and United Nations Children’s Fund estimates
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of first dose coverage of measles containing vaccine (MCV) provided at 9 months of age were

steady at 57% during 2016–2019 [7]; a second MCV dose is only provided through vaccination

campaigns, which often are delayed or attain suboptimal coverage (�95%) [6]. National mea-

sles seroprevalence among children aged 6–59 months was assessed as 64% in DRC during

2013–2014 [8]. Notably, rubella containing vaccine (RCV) is not currently included in DRC’s

Expanded Program for Immunization. Despite efforts towards measles elimination, large

resurgences of measles have occurred in DRC during 2010–2013 [9] and 2015–2019 [1].

Laboratory support for MR surveillance is provided by the WHO Global MR Laboratory

Network [10] which supports national laboratories in 191 countries including DRC. However,

in many countries, improved MR diagnostic capabilities would be required to rapidly assess

infection and immunity at the local level. A prototype of a new digital microfluidic (DMF)

powered system for performing MR ELISAs in remote locations, the MR Box, was field tested

in Kenya in 2016 [11] and included testing for immunoglobulin G (IgG) antibodies to assess

population immunity from natural infection or vaccine and the related outbreak risk. A sec-

ond-generation prototype of the DMF-ELISA (MR Box 2) was developed for a 2017 field test

in DRC and included addition of IgM testing and portable battery capability, advancing its

potential role as a rapid diagnostic test (RDT) in remote areas with limited access to central-

ized laboratories. The objectives of this study were to assess diagnostic performance of the

DMF-ELISA for MR IgM and IgG in outbreak settings, including: 1) rapid confirmation of

measles or rubella infection (IgM) in a suspected outbreak setting as part of active surveillance;

2) rapid assessment of MR population immunity (IgG) in a confirmed measles outbreak set-

ting; and 3) comparing performance of DMF-ELISA to ELISA reference tests using outbreak

specimens.

Materials and methods

Surveillance investigation

For the evaluation of DMF-powered immunoassay as a surveillance tool in a suspected out-

break setting, a team comprised of members from DRC’s Institut National de Recherche Bio-

medical (INRB), U.S. Centers for Disease Control and Prevention (CDC), and University of

Toronto (U-Toronto), supported measles surveillance field investigations in Kinshasa prov-

ince 30 August–23 September 2017. Members reviewed weekly district-level reports from Inte-

grated Disease Surveillance and Response with the Directorate General for Disease Control

and direct notifications through case-based surveillance. The team visited all facilities in Kin-

shasa health districts reporting suspected measles cases, defined as fever and maculopapular

(non-vesicular) rash and either cough, coryza, or conjunctivitis, or an illness a health-care

worker suspected to be measles [5]. Facility registers were reviewed to identify patients meet-

ing the suspected case definition within two weeks prior to the visit by the team. Assuming

95% sensitivity and specificity of DMF-ELISA with a desired precision of +/- 7.5%, a final sam-

ple of 23 true MR IgM-positive specimens was required to compare performance of DMF-E-

LISA with reference ELISA. Assuming 25% of specimens would be IgM-positive, a sample size

of 150 suspected cases was required to have a 90% probability of finding 23 or more true posi-

tive cases.

Serosurvey

We conducted a household serosurvey 30 August–18 September 2017 in Biyela health zone,

Kinshasa province, where a measles outbreak was confirmed in July 2017. The study area

included an area surrounding the household of a confirmed measles case from the outbreak.

Prior to the survey, a census of the study area was conducted 28–29 August 2017, in which all
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households with at least one eligible study participant (child aged 5–14 years or woman aged

15–49 years) were mapped and enumerated using tablets with EpiSample (PATH, MACEPA

Developer Products, Seattle, WA). A household was defined as individuals who slept under the

same roof the night before the visit. Compounds with multiple structures and heads of house-

hold were treated as separate households. Sample size was based on an estimated 60% rubella

IgG seroprevalence with desired precision of +/- 8% separately for children aged 5–14 years

and women aged 15–49 years. To have a 90% probability of obtaining desired precision, final

sample sizes for each group were 100 children and 100 women, or 200 total individuals.

Using EpiSample, a random sample of 120 households (estimated number required to iden-

tify 100 children and 100 women) was selected from enumerated households in the study area;

an additional 30 households were selected as backup if the sample size was not achieved from

initial selection. Field team members used EpiSample to navigate to selected households.

Three attempts were made to visit the 120 selected households before teams began visiting

backup households. Any household with an eligible person was attempted for enrollment;

where present within the same household, one woman and one child were randomly selected

from among eligible women and children for enrollment.

Data collection

Field teams, comprised of a medical epidemiologist with training in phlebotomy, an epidemi-

ologist, and a local community health agent, visited households. For each household, a ques-

tionnaire was administered to each participant after obtaining informed consent (or from the

responsible adult for a child) including name, address, phone number, age, sex, pregnancy sta-

tus, any symptoms at time of data collection or in the previous 28 days, prior measles diagno-

sis, vaccination history, and contact history. Vaccination history was verified by vaccination

card, if available. GPS coordinates were recorded for each household. A blood specimen was

collected by venous puncture from each consenting individual and transported to the field lab

for processing. All questionnaires, enrollment forms and blood specimens were labeled with

unique barcodes to ensure lab results matched correctly with each participants’ data. This

study received ethical approval from the DRC’s University of Kinshasa School of Public Health

Ethical Committee. The Office of the Associate Director for Science at the Center for Global

Health, U.S. Centers for Disease Control and Prevention (CDC) determined the evaluation

not to be human subjects’ research and approved it as a public health program evaluation

activity, according to U.S. Department of Health and Human Services Human Subjects regula-

tions and procedures. Because the evaluation was not human subjects’ research, a consent pro-

cedure was approved where verbal consent was obtained from participants at the beginning of

the survey as part of a standard script, and refusal was documented on forms by survey teams.

Surveillance and serosurvey studies testing

Surveillance specimens were tested for MR IgG and IgM antibodies, while serosurvey speci-

mens were tested for MR IgG only. U-Toronto team members tested all surveillance and sero-

survey specimens on the same day as collection if possible, or within 48 hours, by DMF-ELISA

in the field lab which was erected outdoors each day in the affected health district. The field lab

consisted of DMF instruments (MR Box 2) and cartridges, portable tables and chairs, and a

canopy to cover the work area from sun. A sample of whole blood was aliquoted for testing by

DMF-ELISA, while the remainder of the blood specimen was separated into serum using a

portable centrifuge. Sera were stored and transported to a centralized lab for testing using

Siemens Enzygnost MR IgM ELISA kits (Siemens, Marburg, Germany) at INRB in Kinshasa,

DRC and Zeus MR IgG ELISA kits (Zeus Scientific, Branchburgh, NJ, USA) at the CDC in
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Atlanta, USA; results were interpreted based on manufacturer specifications. Specimens sent

to CDC for IgM testing were assessed using a Diamedix kit (Miami Lakes, FL, USA) for rubella

IgM and a previously described CDC in-house measles IgM capture test [12].

DMF devices, methods, and instrumentation

Magnetic-bead based immunoassays for four analytes (measles IgG and IgM and rubella IgG

and IgM) and the MR Box 2 control system were designed and optimized in the laboratory in

Toronto. Four MR Box 2 instruments and 1,000 cartridges were manufactured at U-Toronto

and carried to DRC for the field trial. Positive and negative controls were included in each

assay run and runs not meeting defined quality control criteria were excluded. DMF-ELISA

results were normalized to account for differences in instrument, temperature, and humidity.

Additional details are included in the S1 File.

Analysis

Survey responses were collected on paper forms and entered in Epi Info version 7 (CDC,

Atlanta, GA). Double data entry was performed, and data discrepancies reconciled by review-

ing the paper forms. All analyses were conducted using STATA v15, Microsoft Excel 2013,

Prism 8, and Python. Descriptive analyses were conducted, including proportions, means, and

standard deviations, using reference ELISA results from INRB and CDC. Vaccine effectiveness

(VE) during active surveillance was calculated as (1—[Odds cases vaccinated/ odds cases

unvaccinated]). Performance of DMF-ELISA was assessed in comparison to reference ELISA,

including receiver operating characteristic (ROC) analysis and calculation of sensitivity, speci-

ficity, and overall agreement of MR IgG and IgM results. Specimens collected from both sur-

veillance and serosurvey were included in this comparison.

Results

Surveillance investigation

A total of 157 suspected measles cases were included in the surveillance study: among these, 86

(55%) occurred in female participants, and 90 (57%) in those aged<5 years. Measles IgM was

detected in 20 (13%) cases; among these, 17 (85%) were <5 years of age, and three (15%) were

5–14 years. The proportion of suspected cases with detected measles IgM was highest among

children aged<5 years (19%), compared with children aged 5–14 years (5%) and people

aged�15 years (0%). Among 157 suspected cases, rubella IgM was detected in 84 (54%) cases;

of which, 44 (52%) were among persons aged<5 years, 36 (43%) were 5–14 years, and four

(5%) were�15 years. Proportions of suspected cases with detected rubella IgM were slightly

higher in the age groups for�15 years (66%) and 5–14 years (59%), followed by<5 years

(49%) (Table 1).

Twenty-two (16%) persons reported a rash onset 0–3 days prior to sample collection; of

these, three (14%) tested positive for measles IgM, and 11 (50%) tested positive for rubella

IgM. One hundred six (76%) persons reported a rash onset 4–28 days prior to sample collec-

tion; of these, 12 (11%) tested positive for measles IgM and 59 (56%) tested positive for rubella

IgM. Mean number of days reported since rash onset was 23 (± 2.3). Compared with con-

firmed rubella, a higher proportion of persons with measles IgM reported having fever (92%

and 100%, respectively), runny nose (86% and 100%), cough (73% and 100%), or red eyes

(67% and 90%) currently or within the previous 28 days; compared with confirmed measles, a

higher proportion of persons with rubella IgM reported a history of swollen glands (35% and

81%, respectively).
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Among 157 suspected cases, 134 (85%) were seropositive for measles IgG, and 110 (70%)

were seropositive for rubella IgG. All 20 persons among whom measles IgM was detected were

also seropositive for measles IgG, and 82 (98%) persons among whom measles IgM was

detected were also seropositive for rubella IgG. Children with MR IgG detected were higher

among ages 5–14 years (92% measles IgG and 85% rubella IgG) than <5 years (80% measles

IgG and 58% rubella IgG); 100% of suspected cases among persons aged�15 years had detect-

able MR IgG, but the number of suspected cases in this group was small (n = 6). Persons with

detectable rubella IgG were higher among females (76%) than males (63%), while persons with

detectable measles IgG were similar by sex (85% and 86%).

Of 157 suspected measles cases, 118 (75%) reported having received MCV; however, only

15 (13%) had documented vaccination status. Among 118 persons with reported MCV, mea-

sles IgM was detected in eight (7%), while measles IgM was detected in 12 of 29 (41%) reported

unvaccinated persons (Table 1). Twelve of 20 (60%) cases with detected measles IgM occurred

in unvaccinated persons. Measles VE was estimated as 90% (95% CI, 71%–96%). Measles IgG-

positive cases were higher among persons reporting vaccination (87%) versus unvaccinated

(72%). Of the 15 persons with MCV documentation, none had detectable measles IgM, and 11

(73%) were measles IgG-positive; of the four without IgG-positive results, two were infants

aged 10 months vaccinated a week prior to specimen collection, one was aged 3 years, and one

had insufficient specimen volume for testing.

Serosurvey

A total of 427 households were enumerated in the survey area with a recent confirmed measles

outbreak, and 145 households were visited for consent and enrollment. Of these, 125 (86%)

consented to participate, eight (6%) refused, and 12 (8%) were absent (Fig 1). A total of 101

children and 101 women were enrolled in the seroprevalence survey. Mean ages of serosurvey

participants were 9.5 (± 2.7) years for children and 28.0 (±8.5) years for women; among

children, 57 (56%) were female (Table 2). Eighty-four (83%) children and 63 (62%) women

Table 1. Demographics, vaccination status, and measles and rubella IgM and IgG results among persons with suspected measles during an outbreak investigation,

Kinshasa province, DRC, 2017.

Total No. (Column

%)

Measles IgM Positive No.

(Row %)

Rubella IgM Positive No.

(Row %)

Measles IgGa Positive No.

(Row %)

Rubella IgGa Positive No.

(Row %)

Total 157 (100) 20 (13) 84 (54) 134 (85) 110 (70)

Sex

Male 71 (45) 9 (13) 34 (48) 61 (86) 45 (63)

Female 86 (55) 11 (13) 50 (58) 73 (85) 65 (76)

Age

<5 years 90 (57) 17 (19) 44 (49) 72 (80) 52 (58)

5–14 years 61 (39) 3 (5) 36 (59) 56 (92) 52 (85)

�15 years 6 (4) 0 (0) 4 (66) 6 (100) 6 (100)

Measles vaccination

status

Vaccinated by card or

recall

118 (75) 8 (7) 64 (54) 103 (87) 88 (75)

Not vaccinated 29 (18) 12 (41) 10 (34) 21 (72) 12 (41)

Don’t know 10 (6) 0 (0) 10 (100) 10 (100) 10 (100)

a There was insufficient sample quantity for the IgG testing of four measles specimens and 6 rubella specimens.

No. = Number. IgM = Immunoglobulin M. IgG = Immunoglobulin G.

https://doi.org/10.1371/journal.pone.0278749.t001
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reported receiving MCV, but only two children had vaccination cards available for verification.

In both groups, measles IgG seroprevalence was 93%; no differences were observed in measles

seroprevalence by vaccination status. Rubella IgG seroprevalence was 77% for children and

98% for women. Five (5%) of 101 women reported being pregnant; all five (100%) tested posi-

tive for rubella IgG, and four (80%) tested positive for measles IgG.

Performance characteristics of DMF-ELISA

The MR Box 2 instrument, method, and cartridges featured a long list of advances relative to

what was previously described [11], including the capacity to test four analytes (measles IgG

and IgM and rubella IgG and IgM), and the ability to operate from battery power (S1 File).

In the comparison of specimens tested on-site using the MR Box 2 with reference testing at

INRB and CDC, a total of 14.5% of test specimens (148 out of 1,017 specimens used for testing)

Fig 1. Serosurvey flowchart illustrating the number of households enumerated and study participants providing

specimens.

https://doi.org/10.1371/journal.pone.0278749.g001
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were excluded for not meeting quality control standards. For measles IgG specimens

(n = 305), the area under the curve (AUC) for ROC analysis was 0.86. Compared with refer-

ence ELISA, sensitivity of the measles IgG DMF-ELISA was 82% (95% CI, 77%–86%), specific-

ity was 78% (95% CI, 56%–93%), and overall agreement was 81% (95% CI, 76% –86%). For

measles IgM specimens (n = 129), the AUC was 0.93, and sensitivity, specificity, and agree-

ment were 88% (95% CI, 62%–98%), 89% (95% CI, 81%–%–94%), and 88% (95% CI, 82%–

93%), respectively (Fig 2).

For rubella IgG specimens (n = 308), the AUC was 0.91, sensitivity was 86% (95% CI, 81%–

90%), specificity was 85% (95% CI, 72%–93%), and overall agreement was 86% (95% CI, 82%–

90%) (Fig 3). For rubella IgM (n = 127) specimens, the AUC was 0.90, and sensitivity, specific-

ity and agreement were 81% (95% CI, 70%–89%), 83% (95% CI, 70%–92%), and 82% (95% CI,

74%–88%), respectively (Fig 3).

Discussion

This study in DRC found that upon serologic confirmation of suspected measles cases, most

infections were caused by rubella, similar to previous reports [13]. Without strong case surveil-

lance including lab-confirmation, monitoring progress towards measles elimination is made

more challenging by circulating rubella, with potential to inappropriately direct MCV vaccine

and other limited public health resources in response to rubella outbreaks. In DRC, evidence

of the relative burden of circulating rubella and epidemiologic evidence of affected age groups

from our field investigation in Kinshasa support the need for RCV introduction.

Confirmed measles cases with detectable measles IgM were more likely to be young (85%

aged<5 years) and unvaccinated against measles (60%), indicating gaps in DRC’s vaccination

Table 2. Demographics, measles vaccination status, and measles and rubella IgG results for serosurvey—Biyela

health district (one month after confirmed measles outbreak), Kinshasa province, DRC, 2017.

Children (5–14 years) [n = 101) Women (15–49 years) [n = 101]

Mean age in years (standard deviation) 9.5 (2.7) 28.0 (8.5)

No. (%) No. (%)

Sex

Male 44 (44) NA

Female 57 (56) 101 (100)

Measles vaccination status

Vaccinated (by card or recall)a 84 (83) 63 (62)

Not vaccinated against measles 4 (4) 5 (5)

Don’t know 13 (13) 33 (33)

Measles IgG ELISA

Positive 94 (93) 94 (93)

Negative 4 (4) 5 (5)

Equivocal 3 (3) 2 (2)

Rubella IgG ELISAb

Positive 78 (77) 99 (98)

Negative 22 (22) 2 (2)

Equivocal 1 (1) 0 (0)

a Only two children aged 5–14 years had cards available to verify vaccination status. No women 15–49 years had

vaccination cards available to verify their history of vaccination from childhood.
b One sample had insufficient quantity for rubella testing.

No. = Number. NA = Not applicable. IgG = Immunoglobulin G. ELISA = enzyme-linked immunoassay.

https://doi.org/10.1371/journal.pone.0278749.t002
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program. Previous assessments in DRC identified suboptimal measles protection and observed

deficiencies in routine immunization, including failure to vaccinate and reduced VE [8, 14–

16]. VE in our outbreak investigation in Kinshasa was high (90%, 95% CI, 71%–96%), support-

ing under-vaccination as the likely outbreak cause. VE was higher than a previous national

estimate of 80% (95% CI, 74%–85%) among ages 12–59 months in DRC, though a higher risk

Fig 2. Performance of DMF-ELISA for assessing 305 specimens for measles IgG (A and B) and 129 specimens for measles IgM (C and D)

compared with a reference ELISA. (A and C) Vertical scatterplot (left) of MR Box 2 signals for specimens determined to be positive or negative for

anti-measles IgG (top, n = 305) and IgM (bottom, n = 129) by reference tests. Green and red numbers in the scatterplot represent the number of

specimens correctly and incorrectly categorized by the MR Box 2, respectively. (B and D) Receiver Operating Characteristic (ROC) curves with an

optimized threshold (X).

https://doi.org/10.1371/journal.pone.0278749.g002
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of measles was noted in provinces other than Kinshasa, which could be related to documented

challenges with vaccine logistics and cold chain in areas outside the capital [14].

Seroprevalence for measles was 93% for both children and women, which was likely a com-

bination of both protection from vaccination and natural infection related to the recently

confirmed measles outbreak in the area. While only 83% of children and 62% of women

reported vaccination against measles, it is difficult to precisely determine the contribution of

Fig 3. Performance of DMF-ELISA for assessing 308 specimens for rubella IgG (A and B) and 127 specimens for rubella IgM (C and D) compared

with a reference ELISA. Vertical scatterplot (left) of MR Box 2 signals for specimens determined to be positive or negative for anti-rubella IgG (top,

n = 308) and IgM (bottom, n = 127) by reference tests. Green and red numbers in the scatterplot represent the number of specimens correctly and

incorrectly categorized by the MR Box 2, respectively. (B and D) Receiver Operating Characteristic (ROC) curves with an optimized threshold (X).

https://doi.org/10.1371/journal.pone.0278749.g003
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immunization to high measles seroprevalence, as recall of vaccination status is generally

unreliable [17], especially for older children and adults. Antibody avidity testing to determine

recent or past IgG response was not attempted.

Among those in whom rubella IgM and IgG were detected during active surveillance, a

majority (60% and 59%, respectively) were female, and nearly half (48%) of those with detected

rubella IgM were aged >5 years. A difference in rubella IgG seroprevalence was observed

between children (77%; mean age = 10 years) and adult women (98%; mean age = 28 years)

during the serosurvey. With a lack of rubella vaccination and a high proportion of persons

with rubella IgM detected among older ages groups, young women reaching adulthood in

DRC may be left at higher risk of infection during pregnancy and higher CRS risk for their

infants [18]. This further highlights the need for RCV introduction through routine childhood

immunization and a wide age-range campaign targeting persons up to age 15 years to catch-

up those not protected through natural infection [19].

The first use of the prototype DMF-ELISA for MR IgG testing in Kakuma Kenya during

2016 demonstrated a potential role for the diagnostic tool in remote areas with limited access

to centralized laboratories [11]. Following additional development and lab testing at

U-Toronto, the latest DMF-ELISA prototype was deployed for field validation in Kinshasa,

DRC including additional MR IgM testing capabilities. The 81%–88% agreement for DMF-E-

LISA for IgG and IgM testing in the DRC field validation was promising for a prototype and

similar to the percent agreement in the Kenya field validation of the DMF-ELISA for IgG test-

ing (84%-86%), but highlighted the need for additional optimization before considering the

test for routine field use. For example, DMF cartridges bearing pre-deposited, dried reagents

[20] might be useful to improve reproducibility in future studies. Field validation was useful in

identifying environmental conditions (temperature and humidity) that needed to be adjusted

for in the results. An existing lateral flow-based RDT for measles IgM detection has been field-

validated with high sensitivity and specificity compared to ELISA, and this test is being com-

mercialized, along with commercial development of a rubella IgM RDT; these tests have the

potential use by non-expert users as part of MR surveillance [21]. Compared to a lateral flow

device, the advantages of the DMF-ELISA include the ability to readily print cartridges at low

cost and the ability to customize the system ad-hoc for use with different assay configurations

based on need.

This study had some limitations. First, the serosurvey excluded children aged<5 years due

to challenges with collecting blood intravenously from small children; this would have been a

valuable age group to assess for measles seroprevalence. Second, DMF-ELISA testing was per-

formed by expert users, and results were not available in real time due to the need for subse-

quent adjustment and interpretation of results; the ELISA results used in the investigation and

presented here were not impacted by this limitation. Third, participant recall was relied upon

for history of vaccination and clinical symptoms, but accurate recall likely varied with time

from the event.

A high percentage of people with suspected measles in in this outbreak setting were

found to have rubella (54%), highlighting the unrecognized burden of rubella in this com-

munity and the need for better diagnostics to investigate outbreaks of rash illness. Addition-

ally, lower rubella IgG seroprevalence occurred in older children, and a high proportion of

cases with detectable rubella IgM occurred in older age groups, raising concerns around

CRS risk for young women. The Kinshasa outbreak investigation documented high VE

against measles among suspected measles cases, confirming that gaps in vaccination were

the likely outbreak cause. The serosurvey documented high measles seroprevalence in a

community that had recently experienced a measles outbreak. Findings from our field

investigation in Kinshasa supported the need for introduction of RCV in DRC and further
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assessments in other countries that have not introduced RCV and have frequent outbreaks

of suspected measles.
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