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ABSTRACT OF THE DISSERTATION 

 

Assessing Immune Response to Measles Vaccination and Infection Among Children in the  

Democratic Republic of the Congo          

                                                                            

by 

 

Hayley Renee Ashbaugh 

Doctor of Philosophy in Epidemiology 

University of California, Los Angeles, 2017 

Professor Anne W. Rimoin, Chair 

 

Measles is a highly contagious viral disease, and infection can result in severe symptoms, 

complications, and both acute and prolonged immunologic effects. The Democratic Republic of 

the Congo (DRC) is a resource poor and measles endemic country. Limited health care services, 

poor nutrition, and high levels of infectious disease, as found in the DRC, make host immune 

function of crucial public health importance. In addition to assessing vaccination coverage and 

seroprotective antibody levels, identifying and quantifying the immunologic impact of measles 

vaccination and disease on child health outcomes can provide valuable recommendations for 

public health policy and practice. The overall aim of this dissertation is twofold. First, this 

dissertation seeks to describe measles vaccination coverage and seroprotective levels of measles 

antibody in DRC and examine factors that may contribute to the large proportion of children with 

inadequate immunity. Second, it aims to assess associations of both measles vaccination and 

disease with markers of infectious disease (acute fever, cough, and diarrhea outcomes). Chapter 1 

is a brief overview of measles vaccination and disease pathogenesis. Chapter 2 examines predictors 
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of measles vaccination coverage in the DRC and describes characteristics of children who are least 

reached by routine measles immunization efforts. Chapter 3 utilizes a causal mediation model to 

quantify the impact of measles vaccination on acute fever, cough, and diarrhea outcomes. Chapter 

4 describes measles antibody seroprevalence among vaccinated and unvaccinated children and 

identifies trends in inadequate immunization. Finally, Chapter 5 explores the immunologic impact 

of measles on child health outcomes by examining the association of previous measles infection 

with acute fever, cough, and diarrhea episodes.  
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Chapter 1. Introduction and Background 

1.1 Introduction 

The purpose of this dissertation is to assess immune response to measles vaccination and infection 

among children in the Democratic Republic of the Congo (DRC) by first examining vaccination 

coverage and seroprotection levels, and then assessing associations of host immune response with 

vaccination and disease. In a resource poor area such as DRC, limited health care services, poor 

nutrition, and high levels of infectious disease risk make host immune function of crucial public 

health importance. Identifying and quantifying risk factors for adverse disease outcomes due to 

immune suppression can provide valuable recommendations for DRC public health policy and 

practice. 

 
1.2 Epidemiology and global burden 
 
Measles is a highly contagious, primarily childhood, viral disease caused by a single stranded RNA 

paramyxovirus (genus Morbillivirus) related to rinderpest, peste des petits ruminants, phocine 

distemper, and canine distemper viruses [1]. Humans are the natural hosts of measles virus, 

although infection in captive non-human primates following infected human contact has occurred 

[2]. While measles is no longer endemic in the United States, areas of suboptimal vaccination 

coverage globally ensure it remains an important public health concern [3]. According to the 

Global Burden of Disease 2013 study, out of the top 25 global causes of Disability-Adjusted Life-

Years (DALYs) in children under five years of age, measles was ranked eighth in 1990 and 14th in 

2013 [4]. Measles has significantly contributed to child mortality as well. In 2014, there were 

114,900 measles deaths worldwide [5], and measles ranked 15th among top causes of death for 

children less than five years of age in the DRC [4].  



	

	
	

2	

In addition to the high burden of measles among DRC children, measles has more severe effects 

on child health due to widespread immune suppression stemming from malnutrition. DRC’s 

Demographic and Health Survey (DHS) 2013-2014 reported that 23% of children under five years 

are acutely malnourished (wasted) and 43% are chronically malnourished (stunted) [6, 7]. 

Malnutrition has been linked to dysfunction of cell-mediated immunity[8] and increased risk of 

measles morbidity and mortality in resource poor regions, with 1998 reports estimating 5-25% 

measles mortality in developing areas versus 1% in the U.S. during the measles epidemic in 1989-

1990 [9]. Areas with high levels of malnutrition tend to manifest greater severity in measles cases, 

and children with malnutrition-induced immune suppression who are afflicted with severe measles 

maintain a viremia three times longer than children of normal nutrition status [10].  Further, 

measles infection greatly increases the risk of corneal ulceration and subsequent blindness among 

African children, particularly in the undernourished [3, 11]. The profound impact of measles on 

the lives and health of children in sub-Saharan Africa warrants concerted efforts toward mitigation 

and elimination of this disease. 

1.3 Pathogenesis and immune response 

While virus replication was previously thought to begin in the respiratory epithelium, recent 

research has revealed that epithelial cells lack the measles virus cellular receptor CD150, making 

it more likely that alveolar macrophages and dendritic cells within respiratory tissue are early target 

cells that transmit the virus to lymphocytes [12-14]_ENREF_12. Though respiratory pathogens such 

as seasonal influenza demonstrate initial infection of respiratory tissues, measles virus spreads 

systemically earlier on in the disease course, with a primary viremia occurring 2-3 days after initial 

infection [15], and relatively late infection of respiratory tract cells [16]. A second viremia occurs 

5-7 days after infection and continued replication within the regional and distal reticuloendothelial 
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system, and infection in the respiratory tract or other organs may occur [15]. PVRL4 (nectin 4), 

found in tissues of both the upper respiratory tract (URT) and lower respiratory tract (LRT) [16], 

has recently been identified as a measles virus receptor in the cell adherens junction of epithelial 

cells [17] and facilitates cell-associated measles virus migration from immune to epithelial cells  

[16]. At infection’s peak, measles virus is disseminated throughout the respiratory tract, impacting 

large numbers of cells within the trachea and nasal mucosa, and likely spreads via lateral 

transmission between adjacent epithelial cells [16].  

 

1.4 Immune suppression of measles disease 

Measles virus infection associated lymphopenia is short-lived (approximately 1 week in duration), 

and only 1-5% of total peripheral lymphocytes are infected [13, 18].  However, it has long been 

known that measles virus is capable of growing in the spleen, lymph nodes, and tonsils [19], and 

studies showing high percentages of measles virus -infected cells in lymphoid tissue [13] led de 

Vries and colleagues to reconsider a lymphocyte depletion hypothesis as a mechanism for virus 

induced immune suppression [20]. They suggest that the marked increase of measles virus -

specific and bystander lymphocytes in response to infection resolves measles’ acute global 

lymphopenia yet masks subsets of immune-mediated lymphocyte depletion. 

Destruction of T and B lymphocytes resulting from measles  infection may be an important 

mechanism of its immunosuppressive effects, and measles virus’ predilection for memory 

lymphocytes in particular has been suggested as key to patients’ profound immune suppression 

and increased risk for opportunistic infections [13, 20-23]. The cell types most efficiently infected 

by the virus are those expressing signaling lymphocyte activation molecule (SLAM, or CD150), 

the receptor for wild-type measles [13, 21-23]. SLAM+/CD150+ cells include 26% of B 
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lymphocytes, 19% of memory T lymphocytes, and 2.4% of naïve T lymphocytes. When infected 

with measles, depletion of SLAM+ cells is higher in comparison to SLAM- cells, with one study 

finding a 75-87% depletion of CD150+ T lymphocytes and a 67-80% depletion of CD150+ B 

lymphocytes [21]. In sum, measles immune suppression appears to be primarily due to depletion 

of immune cell subsets, particularly CD150+ memory lymphocytes, and rapid proliferation of 

measles virus -specific and bystander lymphocytes masks this subset depletion [24]. 

1.5 Transmission  

The highly contagious measles virus has an estimated basic reproductive number (R0), or average 

secondary case rate of susceptible individuals, estimated to be between 12 and 18 [25]. Measles is 

spread both as cell-free virion and via droplets [26]. As described in Laksono et al. [14], infectivity 

can be attributed to (1) efficient shedding, with virus from the infected respiratory epithelium shed 

as free virions and expelled via the mucocilliary apparatus through coughing or sneezing [16, 27]; 

(2) sufficient infectivity outside the host, with aerosolized virus remaining infective for at least 

one hour [28] and disseminable via turbulent airflow [29]; and (3) low infectious dose [30]. 

Measles can be transmitted from four days prior to four days following rash onset [15], and 

population immunity of >95% is required to halt measles transmission [31]. All unvaccinated 

individuals, or vaccinated individuals who have failed to mount an immune response, are 

susceptible to measles disease [32], and the secondary attack rate for such individuals is 

approximately 90% [33]. 

1.6 Clinical course and diagnosis 

The entire course of measles disease lasts approximately 7-21 days and includes incubation, 

prodrome, and exanthem phases [15]. After a 6-19 (median 13) day incubation period [34, 35], the 

prodrome phase of 2-4 days consists of fever, coryza, cough, and formation of Koplik spots, 
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pathognomonic blue-white spots appearing on mucous membranes of the buccal mucosa [15, 36, 

37]. Approximately 14 days after initial exposure, the 3-6 day exanthem phase begins with a 

maculopapular exanthem around the face and neck that spreads downward to involve the 

extremities [15, 36], and recovery begins soon after rash appearance [36]. Severe complications 

are possible, including otitis media, laryngotracheitis, blindness, encephalitis, severe diarrhea, 

pneumonia, appendicitis, and subacute sclerosing panencephalitis (SSPE), a degenerative disease 

of the central nervous system [3, 15].  With the exception of severely malnourished cases [38], 

virus is rapidly cleared following rash onset, with most fatal outcomes succumbing to secondary 

infections or neurologic disease rather than uncontrolled replication [39]. Serologic testing by 

enzyme-linked immunoassay (EIA) is most commonly used for diagnosis, and IgM (indicating 

active or recent infection) is detectable for at least 30 days following onset of rash [15]. 

1.7 Treatment and prevention 

While there is no specific antiviral treatment for measles [5], Vitamin A can reduce morbidity and 

mortality in infected children [40], and the World Health Organization (WHO) recommends two 

daily doses of 200,000 IU Vitamin A to all affected children who are at least 12 months of age [36, 

41]. Rather than treatment, however, emphasis is placed on prevention of measles through 

vaccination. The first measles vaccines, both inactivated and live attenuated (Edmonston B strain) 

vaccines, were available in 1963 [15]. The inactivated strain was found to be unprotective against 

measles virus infection and increased the risk of atypical measles development, leading to its 

withdrawal several years following introduction [15]. The original live attenuated Edmonston B 

vaccine was associated with fever and rash and so withdrawn in 1975 [15]. Currently in the United 

States, measles vaccine is commercially available only in combination form as a component of the 

measles, rubella, and mumps trivalent MMR vaccine (Merck & Co., Inc.) and the measles, mumps, 
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rubella, and varicella quadrivalent MMRV vaccine (ProQuad, Merck & Co., Inc.) [42]. The 

measles component of these combination vaccines contains the live attenuated Enders-Edmonston 

(Moraten) vaccine strain licensed in 1968 [42]. Prior to the introduction of measles vaccination in 

the United States, over 90% of children were infected with measles virus by 15 years of age [43]. 

The introduction of measles vaccination in Africa has resulted in a median age of infection of 36 

months [44]. 

 A non-combination, live attenuated Edmonston Zagreb vaccine strain, which is most 

commonly used in developing nations [45],  is currently used in DRC, with each dose containing 

not less than 1000 50% cell culture infective dose (CCID50) of measles virus on reconstitution 

[46]. While fairly heat-stable prior to reconstitution, measles vaccines lose potency following 

reconstitution when exposed to heat [45]. In 2014, the DRC reported only 64.9% coverage for 

measles vaccination nationwide among children 12-59 months of age [7]. 

 

1.8 Nonspecific effects of measles vaccine 

Nonspecific effects of vaccines are thought to affect resistance to infectious diseases other than 

the targeted disease, and proposed mechanisms for nonspecific effects include trained immunity 

and T-cell mediated cross-reactivity [47].  

Trained immunity 

The innate immune system is thought to have nonspecific effects on pathogens, acting without 

immunologic memory and in the same manner to all host threats [48, 49]. This rapid response to 

invading pathogens is accomplished via pattern recognition receptors  (such as Toll-like receptors 

(TLRs), nucleotide-binding oligomerization domain (NOD) -like receptors, C-type lectin-like 

receptors, and retinoic acid-inducible gene 1 (RIG-I) helicases) functioning on monocytes, 
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macrophages, neutrophils, dendritic cells, and natural killer (NK) cells [50, 51]. Recently, reported 

nonspecific beneficial effects of vaccines have led to decreases in morbidity and mortality that 

cannot be explained entirely by an adaptive immune response [52]. One study reported a decrease 

in lower respiratory infections and sepsis and resulting decline in mortality seen among individuals 

receiving Bacillus Calmette–Guérin (BCG) vaccination for tuberculosis, and because this effect 

appeared to manifest within days (rather than the weeks required for an adaptive immune effect), 

the authors concluded that it was due to an innate immune response [53]. 

The hypothesis that some infections or vaccinations are capable of eliciting a “reprogramming” of 

the innate immune response [53, 54] has found support in a variety of models,  including protective 

immune responses to vaccination and infection observed in plant and nonvertebrate organisms 

entirely lacking adaptive immunity [53]. Mouse models examining response to Candida albicans 

have contributed to this hypothesis as well. One study infected a group of mice with a poorly 

virulent, agerminative strain of C. albicans (strain PCA-2) 7-14 days prior to microbial challenge 

with a highly virulent strain (CA-6). Mice receiving PCA-2 lived throughout the entire 60-day 

observation period following CA-6 challenge, while mice not receiving PCA-2 treatment died 

within 3 days following challenge. Nonspecific protection was also noted in this study, as PCA-2 

treated mice were protected when challenged with Staphyloccus aureus [55]. Further, mice lacking 

RIG-I, denoting a T and B lymphocyte independent process, had lower mortality from lethal C. 

albicans seven days after being infected with nonlethal C. albicans [56]. To summarize, along 

with the known transient decrease in lymphoproliferative responses, measles vaccination may 

induce an enhanced innate immune response [49].  

T-cell cross reactivity hypothesis 
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The adaptive immune system, once activated by a specific pathogen, develops a memory response 

through T and B lymphocytes [48], yet existing virus immunity also appears to contribute to host 

primary response to unrelated viruses prior to development of a specific adaptive immune 

response. One study included a panel of heterologous viruses (lymphocytic choriomeningitis 

(LCMV), pichinde (PV), vaccinia (VV), and murine cytomegalo (MCMV) viruses) in a mouse 

model and showed that prior immunity with one of these could improve time to clearance of a 

second unrelated virus [57]. Notably, mice previously immunized with LCMV in this study 

developed enhanced pathogenic response (extensive acute fat necrosis) to infection upon vaccinia 

virus (VV) challenge, demonstrating that previous viral infection is also capable of predisposing 

the host to more severe disease upon infection with a second, unrelated virus. Host response to a 

pathogen appears to be related not only to the agent it is currently encountering, but also to 

infection history [57]. 

The difference in apparent beneficial versus detrimental nonspecific vaccine effects could be 

related to immune deviation resulting in a biased population of either T helper type 1 (Th1) or T 

helper type 2 (Th2) memory cells. Th1 immune responses are important in controlling certain viral 

and intracellular bacterial infections, while Th2 immune responses are affiliated with viral 

persistence, allergic response, and abnormal pathologic outcomes; thus, the Th1-Th2 balance can 

impact disease outcomes and severity [58-60].  Infection with certain viruses could result in a Th1-

biased memory T cell pool. LCMV-infected mice demonstrated a much more pronounced Th1 

(than Th2) cell response, secreting interleukin (IL)-2, interferon (IFN)-gamma, and tumor necrosis 

factor (TNF)-α with no similar increases in Th2-associated cytokines IL-4, IL-5, and IL-10 [61, 

62]. Likewise, immunization resulting in a Th2-biased T cell pool may lead to an immune response 

via the Th2 pathway [61]. 
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Nonspecific effects and measles vaccination 
 
Both observational and randomized trials from low-income countries have demonstrated an 

association between measles vaccination and reduced overall mortality and morbidity that cannot 

be explained by prevention of measles disease [63-66]. Interestingly, children immunized with 

measles vaccine demonstrate a predominant Th1 immune response [67], which place the 

epidemiologic studies in agreement with the laboratory findings that a predominant Th1 immune 

response is beneficial to the host. There has been controversy surrounding NSEs, and in 2014 the 

World Health Organization (WHO) consensus was that the available evidence was unable to 

confirm or deny beneficial or harmful effects by vaccinations on all-cause mortality[68].  
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Chapter 2: Predictors of measles vaccination coverage among children 6-59 months of age 

in the Democratic Republic of the Congo 

 

2.1 Abstract: 

Background: Measles is a significant contributor to child mortality in the Democratic Republic of 

the Congo (DRC), despite routine immunization programs and supplementary immunization 

activities (SIA). National immunization coverage levels may not reveal disparities among certain 

groups of children, making effective measles control challenging. This study describes measles 

vaccination coverage and reporting type and identifies predictors of vaccination among children 

participating in the 2013-2014 DRC Demographic and Health Survey (DHS).  

Methods: We examined vaccination coverage of 6,947 children aged 6-59 months. A multivariate 

logistic regression model was used to identify predictors of vaccination among children reporting 

vaccination via dated card in order to identify least reached children. We also assessed spatial 

distribution of vaccination report type by rural versus urban residence. 

Results: Urban children with educated mothers were more likely to be vaccinated (OR = 4.1, 95% 

CI: 1.6, 10.7) versus children of mothers with no education, as were the children in wealthier rural 

families (OR = 2.9, 95% CI: 1.9, 4.4). At the provincial level, urban areas more frequently reported 

vaccination via dated card than rural areas.  

Conclusions: Results indicate that, while the overall coverage level of 70% is too low, 

socioeconomic and geographic disparities also exist which make some children less likely to be 

vaccinated. Dated records of measles vaccination must also be increased. As access to routine 
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vaccination services is limited in DRC, targeting of under-reached children could be a strategic 

means of increasing country-wide effective measles control. 

 

2.2 Introduction 

Measles is a significant contributor to child mortality, with 114,900 measles deaths reported 

worldwide in 2014 [1]. Although the World Health Organization (WHO) African Region has 

committed to measles elimination by 2020 as part of the Global Vaccine Action Plan (GVAP) [2], 

a number of large outbreaks have recently occurred in sub-Saharan Africa. In the Democratic 

Republic of Congo (DRC), the 2010-2013 measles epidemic persisted in light of emergency 

vaccination campaigns, causing 140,000 cases and 3,000 deaths [3], mostly impacting children 

less than five years of age [4].  

Measles vaccination is considered to be one of the most cost-effective public health interventions 

[5]. Due to the highly contagious nature of the disease, 89- 94% of the population must be 

immunized in order to halt measles transmission [6, 7]. Unvaccinated individuals and vaccinated 

individuals who fail to mount an immune response are susceptible to measles [8], and the 

secondary attack rate in families is approximately 90% [9]. Because control and elimination 

require extremely high levels of vaccination coverage, planning and implementing an effective 

measles immunization program is critical [7].  

New WHO guidance states that all countries should include a second routine dose of measles 

vaccine (measles containing vaccine 2 (MCV2)), regardless of national coverage level of the first 

dose (measles containing vaccine 1 (MCV1)) [10, 11].  Measles vaccine effectiveness is 84% when 

administered at 9 months of age and 93% when administered to children older than 12 months 

[12]. Measles-endemic areas such as DRC should provide routine vaccinations to children at 9 
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months and 12-15 months of age, with MCV2 given to protect children not developing immunity 

after MCV1 [7]. To date, DRC has not implemented this recommendation and is considered 

“significantly off-track” to meet measles elimination goals by 2020[13]. In 2015, MCV1 coverage 

in the African Region was 74%, while MCV2 coverage was only 18%[14]. DRC reported 79% 

national coverage for the first dose of measles vaccination in 2015, and in 2016, the reported 

incidence of confirmed measles cases was 6.0 per 100,000, more than double the WHO African 

Region incidence of 2.7 per 100,000 [11]. 

Because significant progress in national vaccination coverage levels requires high quality 

vaccination reporting, both improved reporting of measles vaccination coverage, and a tailored 

and targeted approach are required to effectively reach DRC’s diverse and geographically 

dispersed population. This study reports measles vaccination coverage, identifies predictors of 

vaccination, and describes disparities in vaccine documentation by geographic area among 

children participating in the 2013-2014 DRC Demographic and Health Survey (DHS).  

 

2.3 Methods 

The 2013-2014 Demographic and Health Survey (DHS) took place from November 2013 to 

February 2014, and is a nationally representative survey based on a stratified two-stage cluster 

design, with the first stage consisting of Enumeration Area (EA) formation and the second of 

sampling households from each EA [15-18]. In the first stage, a stratified sample of geographic 

locations, or clusters (n = 540) were selected with proportional probability according to size. 

Complete listings of households were created within each cluster, and households were selected 

with equal probability (n = 9,000). Within these households, 18,827 women ages 15-49 and 8,656 
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men ages 15-59 in 50% of selected households were interviewed. Children 6-59 months of age in 

households from which men were selected were eligible to participate. 

Vaccination was reported in three ways. At the time of interview, if mothers possessed a 

vaccination card provided by a health care worker (HCW) indicating the date the child was 

vaccinated for measles, this was considered a “dated card” report. If mothers possessed a 

vaccination card that was marked to indicate measles vaccine was administered, but lacked a date, 

this was considered a “marked card” report. Finally, if mothers either did not have a card or could 

not provide a card at the time of interview, yet reported the child had been vaccinated for measles, 

this was considered a “maternal recall” report. 

Statistical analysis 

DHS sampling weights were included to account for population sampling methods. There were 

7,350 children 6-59 months with vaccination data available and 6,947 children with all covariates 

of interest (5.5% missing). Wald chi-square analyses were performed on the weighted sample to 

assess the sociodemographic differences by vaccination report.  Due to increased reliability of 

recorded data, primary statistical analyses were limited to vaccinated reports via dated card versus 

the unvaccinated (n = 2,830). Potential predictors of vaccination were assessed via univariate and 

multivariate logistic regression. To incorporate variables capturing health disparities within our 

sample, we examined social determinants of health [19, 20]. We dichotomized key variables to 

compare the most disadvantaged to the rest of the population. Specifically, we compared the 

poorest to all others in our sample, those severely (chronically) malnourished (defined by WHO 

standards[17]) versus all others, and mothers having no versus any education. Additionally, the 

United Nations Economic Commission for Africa (UNECA) and the UN Office for the 

Coordination of Humanitarian Affairs (OCHA) identified the five (old) provinces with the highest 
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levels of human displacement in 2014, most (98%) of which was conflict-related[21, 22]. We 

compared those living in these provinces (Katanga, Maniema, Nord-kivu, Orientale, and Sud-kivu) 

versus those living elsewhere. As a sensitivity analysis, the regression model was rerun for children 

reporting vaccination via maternal recall versus the unvaccinated (n = 6,048). 

To assess spatial distribution of vaccination report type, maps by (new) province were created. 

Because 16% of vaccinated children in the overall sample possessed dated cards, we examined 

whether provinces had levels at or above 16%, between > 0 and 15%, or if they had no dated card 

reports (0%). 

The survey was completed on paper questionnaires, and all data were double entered to an 

electronic format via the Census and Survey Processing System (U.S. Census Bureau, ICF Macro) 

and compared for accuracy. All analyses were performed using SAS software, Version 9.4 (SAS 

Institute, Cary, NC), and maps were generated using ArcGIS software version 9.3 (ESRI, 

Redlands, CA). Ethical approval was obtained at UCLA Fielding School of Public Health, the 

Kinshasa School of Public Health and the Centers for Disease Control and Prevention.  As children 

were younger than the standard age of assent, the parent or guardian of participating children 

provided consent on the child’s behalf. 

 

2.4 Results 

There were 2058 (30%) children unvaccinated and 4889 (70%) vaccinated for measles (data not 

shown). Among those reporting vaccination, 773 (16%) reported via dated card, 3990 (82%) via 

maternal recall, and 126 (3%) via marked card. Vaccination report type varied by age, with older 

children more likely to report vaccination via maternal recall, and also varied by residence, wealth 

index, and province (Table 2.1). Among children with recorded date of vaccination, 101/773 

(13%) were vaccinated at less than 9 months of age, 567/773 (73%) were vaccinated between 9 
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and 11 months, and 105/773 (14%) were vaccinated at 12 months of age or greater (data not 

shown). 

Limiting vaccination reports to children possessing dated card (excluding “maternal recall” and 

“marked card” reports), univariate analyses (Table 2.2) revealed that increasing age (by month) 

was predictive of having received measles vaccination (OR = 1.02, 95% CI: 1.01, 1.03), as was 

being firstborn, having a mother with at least primary education, being wealthier, living in an urban 

area, and living in a province experiencing high levels of conflict-related displacement. In the 

multivariate model limited to urban residence, similar trends were seen, with the exception of a 

negative association among the most malnourished children (OR = 0.4, 95% CI: 0.2, 0.6), and a 

greater predictive association among urban children with educated mothers (OR = 4.1, 95% CI: 

1.6, 10.7). Limiting observations to rural residence revealed no association with severe chronic 

malnutrition or maternal education, and increased odds of vaccination for wealthier children (OR 

= 2.9, 95% CI: 1.9, 4.4) and those in conflict areas (OR = 2.1, 95% CI: 1.3, 3.4).  

In sensitivity analyses limiting vaccination to those reporting via maternal recall (versus 

unvaccinated), univariate analyses (Table 2.3) revealed trends similar to the main regression 

model, but with fewer statistically significant estimates (birth order, conflict area) and a general 

decrease in estimate magnitude. In the multivariate model limited to urban residence, similar trends 

were seen, but most estimates were not statistically significant. Chronic malnutrition retained its 

significant negative association, but decreased in magnitude (OR = 0.6, 95% CI: 0.4, 0.8). Limiting 

observations to rural residence, only increasing age and wealthier children (OR = 1.3, 95% CI: 1.1, 

1.7) demonstrated a predictive association with vaccination.  
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Mapping the percentage of vaccination reports via dated card at the (new) provincial level revealed 

different patterns in urban versus rural areas (Figure 1). As previously mentioned, within the 

overall sample, 16% of vaccinated children reported immunization via dated card. In urban areas, 

14/26 (54%) provinces reported 16% or more reports came from dated vaccination cards, while 

only 4/25 (16%) provinces in rural areas reported 16% or higher levels of dated card report. 

Because Kinshasa province has no rural areas designated in the DHS, it is not counted as a rural 

province when stratifying by residence, and as such, only 25 rural provinces exist. 

 

2.5 Discussion 

Reported MCV coverage estimates are too low to effectively halt measles transmission. More 

troubling, however, is that national or regional reports may mask underlying population disparities, 

particularly wealth index and urban versus rural residence[23]. Younger children, rural children in 

the poorest wealth quintile, severely stunted urban children, urban children with uneducated 

mothers, and non-firstborn urban children were less likely to receive measles vaccination. 

Documentation of immunization is also inadequate, with rural children less frequently possessing 

a dated vaccination card compared to urban children at the provincial level. 

Vaccination coverage and data quality are linked. As such, progress in measles coverage and 

schedule adherence cannot be reliably assessed without improvements in data quality. 

Approximately one third of children under 5 years remain unvaccinated, and of those vaccinated, 

83% of reports are via maternal recall. Although information bias from recall reporting could result 

in either an over- or underestimate of vaccination, recall is generally considered a less reliable 

source of information than dated vaccination card [24]. Ensuring that children receive vaccinations 

according to recommended schedules is important as well.  



	

	
	

22	

Records of routine immunization should be improved in order to produce more accurate coverage 

estimates[25], and tracking deviations from the vaccine schedule via dated records is of critical 

importance as age at vaccination can affect immune response [26]. Particularly in light of the new 

WHO MCV2 recommendations, dated records are needed to assess vaccine administration for all 

DRC children. Priority must be given not only to improving vaccination coverage, but also to 

recording vaccinations in a consistent and accurate manner. An increase in dated, HCW-recorded 

vaccination data could aid in identifying the greatest areas of need and so more effectively drive 

immunization programming and policy. 

An immunization program targeting the most disadvantaged and difficult to reach children can 

improve measles coverage and control at a national level, and this requires careful identification 

of children with the least access to health care. This method has been demonstrated in DRC and 

elsewhere by WHO’s Reach Every District (RED) component to reach all target populations, 

including under-served and difficult to reach communities in efforts to increase access to health 

services[27, 28]. Further, because predictors of vaccination can affect urban children differently 

than they affect rural children, residence should be taken into account when identifying children 

of greatest need. In countries where such population disparities exist, the fastest increases in 

overall measles coverage have occurred when coverage is improved among the poorest [29] and 

most geographically remote [19].  

Conflict has been a source of health disparity in affected areas in DRC; as of 2016, there have been 

over 2.2 million internally displaced people (IDP), primarily due to armed conflict or related 

reasons [21, 30] . Our findings revealed that residing in a province experiencing displacement due 

to conflict was predictive of vaccination. One reason for this could be the increased number of aid 

workers in these regions to provide such services. This is consistent with other recently published 



	

	
	

23	

studies showing that reactive campaigns in high-risk areas, such as those led by Médecins Sans 

Frontières (MSF), tend to improve vaccination coverage levels and records[31, 32]. Because 

conflict has played a major role in the recent history of DRC, further research is warranted to 

determine how best to incorporate the impact of conflict on health in DRC, and subsequently, how 

to develop an appropriate programmatic response.  

Logistic and infrastructural limitations within the DRC health care delivery system itself also 

contribute to inadequate vaccination coverage. Clinics may be short-staffed, lack regular vaccine 

deliveries and may not possess equipment or have consistent electricity/generators needed to 

adequately maintain the cold chain[33] [34]. Moreover, unreliable cold chain, coupled with an SIA 

time restriction of five days are problematic, as such limitations may preclude these campaigns 

effectively reaching children in remote locations [33]. Finally, coverage estimates can be 

unreliable, with administrative reports differing from supplementary immunization activity (SIA) 

data and that of non-governmental organizations (NGOs) such as MSF [31, 33], underscoring the 

need for high quality, reliable data. 

Strengths of this study include a large, nationally representative sample, and availability of dated 

vaccination card and georeferenced data. To address concern of vaccination misclassification, we 

limited statistical analyses to vaccinations reported via dated card, increasing confidence in 

vaccination data. Limitations include lack of individual-level data for measles immunization 

campaigns, resulting in potentially more children vaccinated than our data indicate. Additionally, 

although the availability of dated vaccination cards strengthened our analysis, a minority of 

children who reported measles vaccination possessed these cards, and these children differed from 

children reporting via maternal recall. To mitigate this issue, we performed a sensitivity analysis 

with the same regression model, limited to children reporting vaccination via maternal recall 
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(versus unvaccinated). Finally, measuring the association of conflict with measles vaccination was 

challenging, and our assessment of provinces experiencing displacement due to conflict may not 

have captured the true impact of conflict on vaccination services. 

To summarize, results of this study indicate three main areas of need in DRC’s immunization 

program. Most importantly, there is a need for increased vaccination coverage and better adherence 

to vaccination schedules. Next, improved data quality is needed to better assess progress in 

vaccination coverage. Finally, a tailored approach must be developed for DRC that targets the most 

disadvantaged and underserved children. Incorporating these three components into future 

vaccination strategies for DRC may be key to improving national vaccination coverage levels that 

lead to improved measles control.  
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Tables and Figures 

	

Table 2.1. Vaccination by basic demographics among children 6-59 months (weighted). 

Variable n Dated 
card % Marked 

card % Maternal 
recall % Unvaccinated % p-value1 

Age (months)           

6-11 826 62 8 8 1 156 19 600 73 < .0001 
12-23 1578 239 15 45 3 788 50 506 32  
24-35 1595 219 14 31 2 1005 63 340 21  
36-47 1492 123 8 27 2 1007 67 335 22  
48-59 1457 130 9 15 1 1035 71 277 19  
Sex           
Male 3467 371 11 62 2 2012 58 1022 29 0.7951 
Female 3478 401 12 64 2 1978 57 1035 30  
Residence           
Urban 2119 346 16 37 2 1236 58 500 24 <.0001 
Rural 4829 427 9 90 2 2754 57 1558 32  
Wealth Index2           
Poorest 1544 77 5 35 2 844 55 588 38 <.0001 
Poorer 1617 147 9 27 2 901 56 542 34  
Middle 1390 164 12 16 1 796 57 414 30  
Wealthier 1306 171 13 30 2 784 60 321 25  
Wealthiest 1092 214 20 19 2 666 61 193 18  
Severe stunting3           
Yes 1678 162 10 36 2 995 59 485 29 0.2924 
No 5267 611 12 88 2 2995 57 1573 30  
Conflict area           
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Yes 2621 404 15 51 2 1460 56 742 28 0.0743 
No 4326 368 9 75 2 2531 59 1316 30  
Province4           
Kinshasa 485 105 22 5 1 301 62 74 15 <.0001 
Kwango 357 31 9 5 2 233 65 88 25  
Kwilu 567 22 4 22 4 384 68 139 25  
Mai-Ndombe 313 19 6 --- --- 210 67 84 27  
Kongo Central 309 39 13 10 3 190 62 70 23  
Equateur 211 55 26 2 1 93 44 61 29  
Mongala 226 0 0 0 0 139 62 86 38  
Nord-Ubangi 106 3 3 --- --- 80 75 23 22  
Sud-Ubangi 329 13 4 9 3 175 53 132 40  
Tshuapa 138 2 2 --- --- 78 56 58 42  
Kasai 235 21 9 1 0 123 52 90 38  
Kasai-Central 303 57 19 6 2 132 44 108 36  
Kasai-Oriental 279 27 10 13 5 134 48 105 38  
Lomami 339 9 3 2 0 206 61 122 36  
Sankuru 130 1 1 1 0 53 41 76 58  
Haut-Katanga 301 26 9 4 1 197 65 74 25  
Haut-Lomami 165 7 5 2 1 77 47 79 48  
Lualaba 122 12 10 5 4 48 39 57 47  
Tanganyka 137 3 2 --- --- 48 35 86 63  
Maniema 235 10 4 --- --- 135 57 90 38  
Nord-Kivu 549 178 32 11 2 277 50 83 15  
Bas-Uele 148 6 4 --- --- 102 69 40 27  
Haut-Uele 104 7 7 2 2 66 63 29 28  
Ituri 180 9 5 15 8 115 64 41 23  
Tshopo 156 5 3 3 2 81 52 67 43  
Sud-Kivu 522 105 20 8 2 313 60 96 18   



	

	
	

27	

Total observations5 6947 		                 
1Wald chi-square test. 
2Wealth index is the Demographic and Health Survey composite measure of a household's cumulative living standard. Based on household ownership of 
previously selected assets, and utilizing principal components analysis, households are placed within one of five quintiles. 
3Severe stunting as defined by the NCHS/CDC/WHO international references standard for height/age SD.  
4Wald chi-square for province does not include "marked on card" group due to empty cells. 
5Unweighted total observations = 7107. 
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Table 2.2: Predictors of measles vaccination among children 9-59 months of age (report via dated 
card only).  

Variable Unadjusted1 OR and 
95% CI 

Adjusted2 OR and 95% 
CI (Urban) 

Adjusted3 OR and 
95% CI (Rural) 

Age (months) 1.02 (1.01, 1.03) 1.03 (1.02, 1.04) 1.02 (1.01, 1.03) 
Sex    

Male Ref Ref Ref 
Female 1.1 (0.8, 1.3) 1.0 (0.7, 1.4) 1.2 (0.8, 1.7) 
Chronic malnutrition4    
No Ref Ref Ref 
Yes 0.9 (0.6, 1.1) 0.4 (0.2, 0.6) 1.2 (0.9, 1.6) 

Birth order5    

firstborn Ref Ref Ref 
non-firstborn 0.7 (0.5, 0.9) 0.5 (0.3, 0.7) 0.9 (0.5, 1.5) 
Mother's education    
No education Ref Ref Ref 
Primary or higher 1.6 (1.0, 2.6) 4.1 (1.6, 10.7) 1.2 (0.8, 2.0) 
Residence    
Urban Ref --- --- 
Rural 0.4 (0.3, 0.6) --- --- 
Wealth Index     
Poorest Ref Ref Ref 
Wealthier 3.6 (2.6, 5.2) 1.8 (0.6, 5.3) 2.9 (1.9, 4.4) 
Conflict area    
No Ref Ref Ref 
Yes 1.6 (1.1, 2.3) 1.3 (0.8, 2.1) 2.1 (1.3, 3.4) 
1Univariate analyses, among children with dated measles vaccination card versus unvaccinated (n = 2,830). 
2Adjusted for all predictors in table, among urban residents (n = 845). 
3Adjusted for all predictors in table, among rural residents (n = 1985). 
4Chronic malnutrition (according to NCHS/CDC/WHO international references standard for height/age SD).  
5Birth order ranges from firstborn to 15th-born. 
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Table 2.3: Predictors of measles vaccination among children 6-59 months of age (report via maternal 
recall only).  

Variable Unadjusted1 OR and 
95% CI 

Adjusted2 OR and 95% CI 
(Urban) 

Adjusted3 OR and 95% 
CI (Rural) 

Age (months) 1.05 (1.0, 1.1) 1.1 (1.0, 1.1) 1.04 (1.04, 1.05) 
Sex    

Male Ref Ref Ref 
Female 0.97 (0.8, 1.1) 0.95 (0.7, 1.2) 0.95 (0.8, 1.1) 
Chronic malnutrition4    
No Ref Ref Ref 

Yes 1.1 (0.9, 1.3) 0.6 (0.4, 0.8) 1.0 (0.8, 1.3) 
Birth order5    

firstborn Ref Ref Ref 
non-firstborn 1.1 (0.9, 1.3) 0.9 (0.6, 1.2) 1.1 (0.9, 1.4) 
Mother's education    
No education Ref Ref Ref 
Primary or higher 1.4 (1.1, 1.7) 1.7 (0.9, 3.4) 1.3 (0.99, 1.7) 
Residence    
Urban Ref --- --- 
Rural 0.7 (0.6, 0.9) --- --- 
Wealth Index     
Poorest Ref Ref Ref 
Wealthier 1.5 (1.2, 1.8) 1.3 (0.6, 2.8) 1.3 (1.1, 1.7) 
Conflict area    
No Ref Ref Ref 
Yes 1.0 (0.8, 1.3) 1.2 (0.8, 1.8) 1.0 (0.8, 1.4) 
1Univariate analyses, among children with maternal recall report versus unvaccinated (n = 6,048). 
2Adjusted for all predictors in table, among urban residents (n = 1,736). 
3Adjusted for all predictors in table, among rural residents (n = 4,312). 
4Chronic malnutrition (according to NCHS/CDC/WHO international references standard for height/age SD).  
5Birth order ranges from firstborn to 15th-born. 
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Figure 2.1. Percentage of children reporting vaccination via dated card among all report types, 
stratified by urban (upper panel) versus rural (lower panel) residence. Among the entire sample, 
16% of vaccinated children reported data via dated card.	
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Chapter 3: Controlled direct effect of measles vaccination on markers of infectious disease 
among children 9-59 months of age in the Democratic Republic of the Congo  

 

3.1 Abstract 

Background: Nonspecific effects of vaccines are thought to affect resistance to infectious diseases 

other than through the targeted disease. Multiple studies in low-income countries indicate that 

measles immunization may reduce all-cause mortality independently of its effect on measles. 

Causal mediation analysis is a tool that can examine the effect of measles vaccination on markers 

of infectious disease apart from its direct prevention of measles infection. 

Methods: We used the g-computation algorithm to estimate the controlled direct effect (CDE) of 

measles vaccination on markers of infectious disease (fever, cough, and diarrhea) independent of 

measles infection among 2,350 children aged 9-59 months whose mothers were selected for 

interview in the 2013-14 Democratic Republic of Congo (DRC) Demographic and Health Survey 

(DHS). Mothers reported the history of measles within the lifetime of the child, and fever, cough, 

and diarrhea episodes within the previous two weeks. Classification of children who had measles 

was completed using maternal report and measles immunoglobulin G serostatus obtained from a 

Dynex M2® multiplex immunoassay dried blood spot analysis. Measles vaccination status was 

obtained via vaccination card. 

Results: Measles vaccination reduced the risk of fever (risk ratio [RR]= 0.84, 95% CI: 0.75, 0.95) 

and diarrhea (RR 0.74, 95% CI: 0.63, 0.90) independent of measles prevention. Altering the model 

to make measles status positive for all children, vaccination reduced the risk of acute fever episode 

by 40% (RR: 0.60, 95% CI: 0.39, 0.92), and reduced the risk of acute diarrhea episode by 81% 

(RR: 0.19, 95% CI: 0.06, 0.56). 
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Conclusion: Measles vaccination was directly associated with decreased risk of acute fever and 

diarrhea  episodes apart from its prevention of measles among children 9-59 months in DRC. These 

findings support the hypothesis of beneficial nonspecific effects of measles vaccine and underscore 

the need for refining and strengthening the measles immunization program in the DRC. 

 

3.2 Introduction 

The importance of vaccination in preventing measles is well known [1]. As 89- 94% of a 

population must be immunized in order to stop the spread of measles[2, 3], measles vaccination is 

widespread in much of the world, with 85% of the global population receiving at least one dose of 

measles containing vaccine (MCV) [4]. Recent findings of measles-induced immunologic memory 

loss (“immune amnesia”) resulting in long-term increased mortality from causes other than 

measles [5] underscore the need to prevent this serious disease. Measles vaccine itself is also 

thought to decrease child mortality independent from its prevention of measles [6, 7], 

demonstrating a nonspecific beneficial effect on vaccinated children. Nonspecific effects (NSEs) 

of vaccines are thought to affect resistance to infectious diseases other than the targeted disease, 

and previous work has suggested that live vaccinations such as measles tend to effect the 

recipient’s immune system in beneficial ways [8]. “Indirect” non-specific effects are thought to 

benefit the host by preventing the immediate and prolonged negative effects that would have 

occurred had the host been infected with the target pathogen.  “Direct” non-specific effects benefit 

the host via changes in the immune system that occur due to vaccination, independent of prevention 

of the target disease [9]. The common use of measles vaccine in public health programs 

underscores the need understand its beneficial effects in any population. It is of even greater 
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importance to assess how measles vaccination effects populations contending with endemic 

measles, prevalent malnutrition, and inadequate access to health services.  

Randomized control trials (RCTs) are considered gold standard for identifying effects of a 

particular intervention. A number of RCTs have examined NSEs among children < 9 months and 

found decreases in all-cause mortality and markers of infectious disease among children receiving 

early measles vaccination administered at 4.5 months of age[7, 10]. While these studies provide 

needed insight into the NSEs of measles vaccination, the early vaccinations were given prior to 

the waning of maternal antibody and therefore before most children were susceptible to measles. 

This was also below the eligible age for routine vaccination, as the World Health Organization 

(WHO) recommends the first dose of measles containing vaccine (MCV 1) at 9 months of age in 

high-risk areas. Due to unacceptable risk to child health, it is not possible to design a RCT to test 

NSEs of measles vaccination on measles-susceptible children, making it unfeasible to conduct a 

RCT among children old enough to be both eligible for routine measles vaccination and susceptible 

to measles disease.  

Causal inference methods have been utilized previously to assess the effects of public health 

interventions [11, 12], and allow us to quantify effects of vaccination in populations most at risk 

for measles from available observational data. Further, nationally representative observational data 

provides insight into risks and exposures for the population of an entire country, which could lead 

to more generalizable results than those of RCTs[13].   

This study aims to quantify the reduction in risk of fever, cough, and diarrhea outcomes due to 

measles vaccination among our sample of children 9-59 months of age in the Democratic Republic 

of Congo (DRC). DRC has a national MCV1 coverage level of 79%[14], well below what is 

needed to prevent measles transmission, and is considered a measles-endemic area. Quantifying 
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the impact of measles vaccine’s NSEs in a measles-endemic area with a population eligible for 

measles vaccination is a needed step to determine the broader public health impact of this critical 

intervention.  

 

3.3 Methods 

Data source  

The 2013-2014 Demographic and Health Survey (DHS) occurred from November 2013 to 

February 2014, and is a nationally representative survey based on a stratified two-stage cluster 

design. The first stage consisted of Enumeration Area (EA) formation and the second of sampling 

households from each EA [15-18]. Within these households, 18,827 women ages 15-49 and 8,656 

men ages 15-59 in 50% of selected households were interviewed.  

Children 6-59 months of age in households in which men were selected for interview were eligible 

for the survey. Collected data included weight, anemia, health outcomes, and vaccination history. 

After parental consent, dried blood spots (DBS) were collected from participants to assess 

immunity to vaccine-preventable diseases and processed at the University of California, Los 

Angeles (UCLA) – DRC laboratory at the National Laboratory for Biomedical Research (INRB) 

in Kinshasa. All survey data was transferred from paper questionnaires to an electronic format 

using the Census and Survey Processing System (U.S. Census Bureau, ICF Macro). Data was 

double entered and verified by comparison of both datasets.  

Ethical approval was obtained at UCLA Fielding School of Public Health, the Kinshasa School of 

Public Health and the Centers for Disease Control and Prevention.  As children were younger than 
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the standard age of assent, the parent or guardian of participating children provided consent on the 

child’s behalf. 

Study population 

We examined the association between 2,350 children 9-59 months of age reporting measles 

disease, vaccination, and episode of fever, cough, or diarrhea. Children under the age of 9 months 

were excluded because, although children as young as six months might be vaccinated for measles 

during a supplementary immunization activity, nine months of age is the earliest date for routine 

measles immunization in DRC.  

Laboratory analysis  

DBS samples were extracted using a modified extraction protocol[19] and processed at the UCLA-

DRC laboratory at the National Laboratory for Biomedical Research (INRB) in Kinshasa, DRC.  

The DBS extraction and assay protocol and multiplex technology have been described elsewhere 

[20]. The Dynex Technologies Multiplier FLEX chemiluminescent immunoassay platform with a 

research use only M² multiplex kit for measles, mumps, rubella, varicella-zoster virus, and tetanus 

(MMRVT) was used to test samples for IgG antibody response. The value of 32 mIU/mL was used 

to indicate previous infection among children reporting history of measles. Although higher 

antibody levels would be expected in older children with measles infection history, children 

infected prior to complete waning of maternal antibody might generate a much lower immune 

response. 

Study variables 

Exposure, outcome, and mediator variables 
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DHS vaccination data has been described previously[21], and was reported in three ways: via 

maternal recall, dated vaccination card from a health care worker (HCW), and vaccine marked 

(without date) on card by a HCW. We limited vaccination report for measles to those children 

possessing dated card provided to the mother by a HCW (16% (773/4889) of all vaccination 

reports, data not shown) because written records are generally considered more reliable than 

maternal recall. Mothers selected for the DHS household interview reported whether the child had 

ever had measles, as well as the approximate age of illness. Of these children, those below the 

minimum antibody level indicating previous measles infection were excluded. Among these 

children with maternal report of measles, 203/257 (79%) had measles antibody levels of at least 

32 mIU/mL, meeting serologic criteria.  Only children with both positive history of measles and 

positive serology were classified as measles positive in this study. Acute markers of infectious 

disease were obtained by maternal report of whether the child had an episode of fever, cough, or 

diarrhea in the two weeks prior to interview. The same model was run with the binary outcome of 

severe chronic malnutrition (according to WHO reference standard described in the DHS[17]). 

Covariates 

Covariates included in the model were age, sex, rural versus urban residence, wealth index, chronic 

malnutrition, diphtheria-tetanus-pertussis (DTP) vaccination (receipt of any one of the three doses 

in the complete series), Bacillus Calmette-Guérin (BCG)  vaccination, malaria status (positive 

versus negative), number of children under 5 years in the household, and residence in an area with 

high level of displacement of persons due to conflict (as defined by the United Nations Economic 

Commission for Africa[22]).  With the exception of the conflict variable, all others were defined 

in the DHS Guide to Statistics[17]. Final sample size (weighted) was determined by variables 

available for each child. There were 2,608 children aged 9-59 months with measles vaccination 
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data available, and 2,350 children reporting covariates of interest were included in the model. 

Missing or indeterminate values for covariates consisted of < 10% of the crude sample.  

Statistical methods 

We used g-computation[23], a method to standardize confounders and time-varying exposures, to 

decompose (separate) the direct nonspecific effect of measles vaccination from its indirect 

nonspecific effect preventing prolonged immunologic effects of measles. Correct model 

specification is required, as g-computation is sensitive to assumption violations[24]. In our 

analysis, we assumed conditional exchangeability (no uncontrolled confounding), positivity[25], 

consistency[26], no interference (stable unit treatment value assumption (SUTVA)[27], and no 

residual bias. In causal mediation analysis, there are four components required to meet the no 

uncontrolled confounding assumption[28, 29]: (1) exposure and outcome have no uncontrolled 

confounding, (2) mediator and outcome have no uncontrolled confounding, (3) exposure and 

mediator have no uncontrolled confounding, and (4) there is no exposure-induced mediator-

outcome confounder. Our model included measles vaccination as exposure and measles disease as 

mediator. We ran the model three times for the three different outcomes of fever, cough, and 

diarrhea (Figure 3.1), plus an additional run examining association of measles disease with 

indicators of severe chronic malnutrition. A separate model was used to assess children reporting 

measles infection prior to vaccination (Figure 3.2). 

We calculated the total effect (TE) of measles vaccination on fever, cough, diarrhea, and severe 

chronic malnutrition outcomes and then decomposed these estimates into three components: 

controlled direct effect (CDE), portion attributable to interaction (PAI), and pure indirect effect 

(PIE). The CDE measured the reduction in risk for fever, cough, or diarrhea due to measles 

vaccination, when fixing the mediator (measles) to a specific value for the entire population. The 
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three types of CDE are as follows: (1) reference CDE (CDEref), setting the population level of 

measles to 0, (2) index CDE (CDEind), setting the population level of measles to 1, and stochastic 

CDE (CDEsto), used when allowing level of measles to reach a controlled distribution in the 

population. The PAI demonstrates the same three types as CDE. 

All analyses were performed using SAS software, Version 9.4 (SAS Institute, Cary, NC).  

 

3.4 Results 

 Mothers reported measles cases among 39/754 (5%) vaccinated children and 163/1,446 

(11%) unvaccinated children. Children vaccinated for measles differed from unvaccinated children 

by age, measles status, urban versus rural residence, malaria status, BCG vaccination, and tetanus 

vaccination (Table 3.1). The groups were similar in regards to sex and nutrition status.  

Fever 

The TE estimate revealed that, overall, the risk of acute fever episode among vaccinated children 

is 16% lower (RR: 0.85, 95% CI: 0.75, 0.99) than that among unvaccinated children (Table 3.2). 

The CDEsto measures the extent to which measles vaccination reduces acute fever episode when 

allowing the measles prevalence to attain a certain controlled distribution in the population, and it 

is estimated to be (RR: 0.84, 95% CI: 0.75, 0.95). The CDEind measures the extent to which measles 

vaccination reduces acute fever episode when measles status is altered to be positive for everyone 

in the population (if not already positive) as though every individual has measles. The CDEind was 

estimated to be RR: 0.60, 95% CI: 0.39, 0.92, meaning that if every child had measles, vaccination 

would reduce risk of acute fever episode by 40%. Conversely, when setting the measles level to 0 

for the entire population (if not already so), so that no child has measles, CDEref is estimated to be 
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RR: 0.87, 95% CI: 0.77, 0.99. In other words, if every child in the population was free of measles, 

vaccinating them would reduce their risk of acute fever episode by 12%.  

Cough 

Overall, the risk of acute cough episode among vaccinated children was not statistically significant 

and nearly null (TE RR: 0.98, 95% CI: 0.87, 1.10) compared to that among unvaccinated children. 

The CDEind was estimated to be RR: 0.58, 95% CI: 0.35, 0.94, meaning that if every child had 

measles, vaccination would reduce risk of acute cough episode by 39%. There was no significant 

impact of vaccination on cough when all children in the population had negative measles status. 

Diarrhea 

The TE estimate revealed that, overall, the risk of acute diarrhea episode among vaccinated 

children is 22% lower (RR: 0.78, 95% CI: 0.65, 0.93) than that among unvaccinated children. The 

CDEsto, measuring the extent to which measles vaccination reduces acute diarrhea episode when 

allowing the measles prevalence to attain a certain controlled distribution in the population, is 

estimated to be (RR: 0.75, 95% CI: 0.63, 0.90). The CDEind, measuring the extent to which measles 

vaccination reduces acute diarrhea episode when measles status is altered to be positive for 

everyone in the population, was estimated to be RR: 0.19, 95% CI: 0.06, 0.56, meaning that if 

every child had measles, vaccination would reduce risk of acute diarrhea episode by 81%. Finally, 

when setting the measles level to 0 for the entire population, CDEref is estimated to be RR: 0.82, 

95% CI: 0.68, 0.99.  

Severe chronic malnutrition 

The TE estimate revealed that, overall, the risk of severe chronic malnutrition among vaccinated 

children does not differ from that of unvaccinated children (RR: 0.97, 95% CI: 0.83, 1.14). Most 
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estimates for the severe chronic malnutrition outcome were nearly null. A non-statistically 

significant protective association was seen with the CDEind, estimate (RR: 0.73, 95% CI: 0.41, 

1.29).  

Post-measles vaccination 

Examining the effect of measles vaccination following disease (among both the vaccinated and 

unvaccinated), the risk of fever increased overall (TE) among children reporting measles (RR: 

1.48, 95% CI: 1.26, 1.74) (Table 3.3). Notably, when vaccination status was set to be positive for 

all children (CDEind), measles disease significantly increased the risk of fever (RR: 2.35, 95% CI: 

1.93, 2.85), but the interaction of vaccination and measles disease (PAIind) decreased risk of fever 

by 59% (RR: 0.41, 95% CI: 0.21, 0.79). Cough and diarrhea outcomes demonstrated similar trends. 

For the severe chronic malnutrition estimate, when considering all children in the population to be 

vaccinated, the interaction between measles vaccination and disease (PAIind) increased risk of 

severe chronic malnutrition among children 71% (RR: 1.71, 95% CI: 1.19, 2.46).  

 

3.5 Discussion 

This study supports the hypothesis that measles vaccination exerts direct nonspecific beneficial 

effects on recipients. Our model shows a causal association of reduction in fever and diarrhea 

episodes among our sample of children receiving measles vaccination, apart from vaccination’s 

effect on measles disease.  

For fever, cough, and diarrhea outcomes, the greatest risk reductions occurred with the CDEind 

estimates, when measles level was set to 1, as though all children in the population had measles. 

This differs somewhat from previous work[9] suggesting that, in regions with higher levels of 
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measles incidence, improvements in mortality following vaccination are more likely due to 

prevention of the long-term immunomodulation induced by measles, while direct nonspecific 

effects will increase in magnitude with decreasing measles incidence. Our results suggest that 

measles vaccine, acting apart from its prevention of measles disease, results in a larger reduction 

of risk among populations of children with high measles incidence versus low. This could reflect 

the greater odds of children previously infected with measles to experience acute fever, cough, and 

diarrhea episodes[30], with beneficial effects to the immune system having a greater impact among 

populations of children experiencing prolonged immune suppression due to measles. Vaccination 

also reduced risk of fever by 13%, apart from its prevention of measles, when the population 

measles level was set to 0 (no cases of measles). Interestingly, vaccination showed no impact on 

severe chronic malnutrition (stunting) outcomes. Stunting can be due to both undernutrition and 

repeated episodes of infection [31]. While, in light of the associations seen with fever, cough, and 

diarrhea, it is somewhat unexpected to see no association between vaccination and stunting 

outcomes, this could be because stunting has a strong nutrition component that measles does not 

impact. Alternatively, it could be that the beneficial nonspecific effects of vaccination, though 

resulting in all-cause mortality reductions, are preventing specific types of infections, as described 

in previous literature [8, 32]. Measles disease may have a lesser effect on stunting due to the multi-

factorial nature of this chronic condition. Such targeted prevention of infectious disease due to 

vaccination could also be an explanation for the stronger effect seen among fever and diarrhea 

outcomes versus cough.  

Examination of beneficial effects of vaccination following measles disease suggests the utility of 

measles vaccine as a public health intervention apart from prevention of measles. Our results are 

in agreement with findings from Chapter Five showing overall (TE) increased risk of fever, cough, 
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and diarrhea episode among children with previous measles infection. Among fever, cough, and 

diarrhea outcomes, only the interaction (PAIind) estimate for fever showed an effect of measles 

vaccine interacting with previous measles disease to reduce outcome risk. Notably, there was an 

increased risk for severe chronic malnutrition (stunting), for the effect due to interaction between 

vaccination following measles disease (PAIind). This does not obviously agree with the PAIind 

estimate for fever, and may indicate differing mechanisms of how measles and vaccination act on 

chronic disease versus acute infectious conditions. Future studies should explore measles 

vaccination’s effect on both chronic and acute infectious outcomes. 

This is the first study to quantify the effect of NSEs on child health outcomes. Strengths of this 

study include a large, nationally representative sample, and increased confidence in maternal 

measles reports due to confirmation of measles serology via multiplex assay. Additionally, 

although the data is cross-sectional, dates were available for vaccination and measles variables, 

allowing assessment of vaccination’s temporal association with measles. Limitations include, first, 

misclassification of measles disease. Although clinical signs of measles, particularly Koplik Spots, 

can give a high positive predictive value in measles endemic areas [33], measles reports were 

obtained from mothers rather than trained health care workers, and so may be less reliable. Such 

misclassification would likely be non-differential, biasing estimates toward the null. Finally, the 

cross-sectional nature of the survey may have missed acute infectious disease episodes in children 

truly experiencing overall increased incidence due to previous measles infection but who did not 

experience disease during the two week reporting window for the DHS survey. There is a risk that 

this model does not provide causal estimates for our sample due to this potential for 

misclassification, however, as the model parameters are quite plausible for populations of children 
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in this region, there is utility in these estimates as they pertain to children in this measles-endemic 

area who are eligible for measles vaccination. 

Conclusion 

In conclusion, these findings support the hypothesis of beneficial non-specific effects of measles 

vaccination found in previous studies and provide a more thorough understanding of this effect by 

quantifying the contribution of measles vaccine in reducing risk of fever and diarrhea in children. 

These findings underscore the critical importance of measles vaccination, even in areas of low 

disease incidence. They also suggest that direct beneficial non-specific effects can be impactful in 

populations that currently have high levels of measles incidence. Further epidemiologic and 

laboratory studies are needed to more fully understand the mechanism of NSEs for measles and 

other vaccinations. Such research is important not only in regions of high infectious disease 

incidence and low vaccination coverage, but also in wealthy countries and those with well-

vaccinated populations. 

 

 

 

 

 

 

	

	

	

	



	

	 47	

	

Figure 3.1. Directed Acyclic Diagram (DAG) showing direct and mediated pathways, with 
vaccination as exposure and measles as mediator. C1 covariates include: sex, age, residence, 
wealth index, number of children under 5 years in the household, and residence in an area with 
high displacement of persons due to conflict. C2 covariates include: sex, age, Bacillus Calmette-
Guérin (BCG)  vaccination, diphtheria-tetanus-pertussis (DTP) vaccination,  malaria status 
(positive versus negative), number of children under 5 years in the household, and residence in 
an area with high displacement of persons due to conflict. 
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Figure 3.2. Directed Acyclic Diagram (DAG) showing direct and mediated pathways with 
measles as exposure and vaccination as mediator. C1 covariates include: sex, age, residence, 
wealth index, number of children under 5 years in the household, and residence in an area with 
high displacement of persons due to conflict. C2 covariates include: sex, age, Bacillus Calmette-
Guérin (BCG)  vaccination, diphtheria-tetanus-pertussis (DTP) vaccination,  malaria status 
(positive versus negative), number of children under 5 years in the household, and residence in 
an area with high displacement of persons due to conflict. 
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Table 3.1. Vaccination status by basic demographics (weighted) among children 9-59 months. 

Variables n Dated card % Unvaccinated % p-value1  
 

Age (months)        
9-11 264 53 20 211 80 0.0006  
12-23 730 230 32 500 68   
24-35 554 219 40 335 60   
36-47 415 111 27 304 73   
48-59 409 138 34 271 66   
Measles (all)        
+ 203 39 19 163 80 0.0087  
- 2364 714 30 1446 61   
Measles (post-vx)        
+ 189 33 17 156 83 0.0026  
- 2161 715 33 1446 67   
Measles (pre-vx)        
+ 162 6 4 156 96 <.0001  
- 2161 715 33 1446 67   
Sex         
Male 1165 362 31 803 69 0.7585  
Female 1229 392 32 837 68   
Residence        
Urban 714 345 48 369 52 <.0001  
Rural 1681 410 24 1271 76   
Malaria status        
Positive 541 88 16 452 84 <.0001  
Negative 1854 666 36 1188 64   
BCG         
Received 1571 745 47 826 53 <.0001  
Not received 824 9 1 815 99   
Tetanus (any dose)        
Received 1403 747 53 656 47 <.0001  
Not received 992 7 1 984 99   
Chronic malnutrition        
Yes 1143 332 29 811 71 0.0715  
No 1252 422 34 830 66    

Total observations2 2395            
1Wald chi-square.  
2Unweighted total observations = 2585. 
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Table 3.2. 3-way decomposition with vaccination as exposure and measles as mediator among children 9-59 months of age. 

Effect Fever Cough Diarrhea Stunting 
RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

Total effect (TE) 0.85 0.75, 0.96 0.98 0.87, 1.10 0.78 0.65, 0.93 0.97 0.83, 1.14 
Pure indirect effect (PIE) 0.99 0.88, 1.10 1.00 0.89, 1.12 1.00 0.85, 1.17 1.00 0.85, 1.64 
Stochastic effects         
Controlled direct effect (CDE) 0.84 0.75, 0.95 0.96 0.85, 1.08 0.75 0.63, 0.90 0.95 0.81, 1.12 
Portion attributable to interaction (PAI) 1.02 0.91, 1.14 1.02 0.91, 1.15 1.10 0.95, 1.29 1.02 0.87, 1.19 
Fixed to Measles = 1          
CDE 0.60 0.39, 0.92 0.58 0.35, 0.94 0.19 0.06, 0.56 0.73 0.41, 1.29 
PAI 1.40 1.00, 1.94 1.52 1.10, 2.10 2.61 1.80, 3.78 1.31 0.80, 2.13 
Fixed to Measles = 0         
CDE 0.87 0.77, 0.99 1.00 0.88, 1.13 0.82 0.68, 0.99 0.98 0.83, 1.15 
PAI 0.99 0.87, 1.11 0.98 0.87, 1.11 0.97 0.81, 1.15 0.99 0.84, 1.17 
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Table 3.3. 3-way decomposition with measles as exposure and vaccination as mediator among children 9-59 months of age. 

Effect Fever Cough Diarrhea Stunting 
RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

Total effect (TE) 1.48 1.26, 1.74 1.98 0.99, 1.45 1.41 1.10, 1.81 1.14 0.87, 1.48 
Pure indirect effect (PIE) 1.04 0.84, 1.29 1.01 0.81, 1.25 1.07 0.79, 1.43 1.00 0.75, 1.34 
Stochastic effects         

Contolled direct effect (CDE) 1.66 1.44, 1.91 1.28 1.08, 1.53 1.59 1.27, 2.00 0.97 0.73, 1.30 
Portion attributable to interaction (PAI) 0.84 0.66, 1.06 0.91 0.73, 1.15 0.85 0.61, 1.17 1.22 0.95, 1.57 
Fixed to Vaccination = 1          

CDE 2.35 1.93, 2.85 1.54 1.17, 2.02 2.44 1.73, 3.43 0.59 0.29, 1.20 
PAI 0.41 0.21, 0.79 0.70 0.43, 1.14 0.46 0.21, 1.04 1.71 1.19, 2.46 
Fixed to Vaccination = 0         

CDE 1.38 1.13, 1.68 1.17 0.93, 1.47 1.27 0.55, 1.23 1.14 0.83, 1.57 
PAI 1.03 0.81, 1.32 1.01 0.78, 1.31 1.03 0.73, 1.46 1.00 0.71, 1.41 
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Chapter 4: Measles antibody seroprevalence among vaccinated and unvaccinated children 
in the Democratic Republic of the Congo 

 

4.1 Abstract 

Background: Eighty-nine to 94% vaccination coverage is required to stop the transmission of 

measles. Much of the WHO African Region, including the Democratic Republic of the Congo 

(DRC), has vaccination coverage below this level, heightening concern of inadequate measles 

immunity. As efforts to better control and eradicate measles are increasing, examination of 

factors affecting measles immunity is needed. 

Methods: We assessed 7,170 children aged 6-59 months whose mothers were selected for 

interview in the 2013-2014 DRC Demographic and Health Survey (DHS). Mothers reported the 

history of measles within the lifetime of the child, and classification of children who had measles 

was completed using maternal recall and measles immunoglobulin G serostatus obtained from a 

multiplex immunoassay dried blood spot analysis. Measles vaccination status was obtained via 

maternal recall and vaccination card. A multivariate logistic regression model was used to identify 

predictors of measles and protective immunity, and vaccine effectiveness (VE) was calculated. 

Sensitivity analyses limited to vaccination reports via dated card (2,429 children aged 9-59 

months) were performed to assess effect of vaccination report on outcome. 

Results: Out of our sample, 4889 (70%) reported receiving measles vaccination, 597 (9%) reported 

history of measles, and 2379 (34%) had seroprotective antibody levels against measles. When 

limiting to vaccination report via dated card, measles vaccination protected against measles (OR: 

0.5, 95% CI: 0.3, 0.9), and vaccination was predictive of protective levels of immunity by all report 
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types (OR: 1.4, 95% CI: 1.2, 1.7). VE was highest (100%) among those 12-14 months, and then 

trended downward with increasing age.  

Conclusion: Immunity against measles is too low to effectively halt the spread of disease in DRC, 

and our results suggest that age and time since vaccination may be factors in suboptimal immunity 

levels. This study identifies clear gaps in measles immunity that can inform future policy and 

research. Understanding the factors that decrease prevalence of host seroprotective antibody levels 

will aid in developing more efficient and effective immunization programs. 

 

4.2 Introduction 

Measles is a highly contagious, primarily childhood, viral disease caused by a single stranded RNA 

paramyxovirus (genus Morbillivirus) related to peste des petits ruminants, phocine distemper, and 

canine distemper viruses [1]. Humans are the natural hosts of measles virus, although infection in 

captive non-human primates following infected human contact has occurred [2]. In 2015, there 

were 195,762 reported cases and 134,200 estimated deaths, with a worldwide estimated measles 

containing vaccine (MCV) coverage of 85%[3]. This is lower than the 89- 94% coverage required 

to stop the transmission of measles[3, 4], and much of the WHO African Region, including the 

Democratic Republic of Congo (DRC), has even lower coverage than this worldwide average[5].  

Measles has occurred even in well-vaccinated populations, raising questions of why adequate 

seroprotection is not achieved in such groups. While vaccination induces humoral and cellular 

immune responses similar to that caused by natural disease, the resulting antibody levels are lower 

among the vaccinated than those with natural immunity[6]. Protective level of antibody is 

generally considered to be 120 mIU/mL[7], and neutralizing antibody level is the best indicator of 
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protection from measles infection[8]. Age of seroconversion in infants and young children can 

vary by region, as mothers in high-risk areas may be more likely to have natural immunity and so 

pass on higher levels of measles antibody to infants[9]. This could result in maternal antibody that 

persists longer in children living in measles-endemic regions. Children in such regions are also at 

risk of infection at an earlier age, and so ideal age of vaccination can differ by location[6]. New 

WHO guidance states that all countries should include a second routine dose of measles vaccine 

(measles containing vaccine 2 (MCV2)), regardless of national coverage level of the first dose 

(measles containing vaccine 1 (MCV1)) [5, 10], although DRC has not yet implemented this 

recommendation[11].   Waning of vaccine-induced measles antibody over time and accumulation 

of pockets of susceptibles are thought to be potential reasons for lack of seroprotection as well[12, 

13]. 

As efforts to better control and eradicate measles are increasing, examination of factors affecting 

measles seroprotection is needed. Despite general reported vaccine effectiveness (VE) of 84% for 

measles vaccinations administered between 9 and 11 months of age, the WHO African Region 

reported a median of only 73% VE when 9 to 11 month old children receive MCV1[14]. 

Determining drivers of seropositivity and decreased VE is complex and can depend on 

immunization program logistical capacity and host factors, particularly age[14].  

As measles continues to be inadequately controlled in DRC, population assessment of measles 

immunity is needed. This study reports antibody sero-distribution among children participating in 

the 2013-2014 Demographic and Health Survey (DHS) in the DRC, with the goal of describing 

sero-distribution of measles antibody levels, population seroprotection, and VE. 

 

4.3 Methods 
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The 2013-2014 Demographic and Health Survey (DHS) occurred from November 2013 to 

February 2014, and is a nationally representative survey based on a stratified two-stage cluster 

design with the first stage consisting of Enumeration Area (EA) formation and the second of 

sampling households from each EA [15-18]. In the first stage, a stratified sample of geographic 

locations, or clusters (n = 540) were selected with proportional probability according to size. 

Complete listings of households were created within each cluster, and households were selected 

with equal probability (n = 9,000). Within these households, 18,827 women ages 15-49 and 8,656 

men ages 15-59 in 50% of selected households were interviewed.  

We examined 7,170 children 6-59 months of age in households in which men were selected for 

interview were eligible for the survey. Collected data included weight, anemia, health outcomes, 

and vaccination history. After parental consent, dried blood spots (DBS) were collected from 

participants to assess immunity to vaccine-preventable diseases and processed at the University of 

California, Los Angeles (UCLA) – DRC laboratory at the National Laboratory for Biomedical 

Research (INRB) in Kinshasa. All survey data was transferred from paper questionnaires to an 

electronic format using the Census and Survey Processing System (U.S. Census Bureau, ICF 

Macro). Data was double entered and verified by comparison of both datasets.  

Vaccination was reported in three ways. At the time of interview, if mothers possessed a 

vaccination card, provided by a health care worker (HCW), that indicated the date the child was 

vaccinated for measles, this was considered a “dated card” report. If mothers possessed a 

vaccination card that was marked to indicate measles vaccine was administered, but lacked a date, 

this was considered a “marked card” report. Finally, if mothers either did not have a card or could 

not provide a card at the time of interview, yet reported the child had been vaccinated for measles, 

this was considered a “maternal recall” report. 
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Ethical approval was obtained at UCLA Fielding School of Public Health, the Kinshasa School of 

Public Health and the Centers for Disease Control and Prevention.  As children were younger than 

the standard age of assent, the parent or guardian of participating children provided consent on the 

child’s behalf. 

Laboratory Analysis 

DBS samples were extracted using a modified extraction protocol[19] and processed at the UCLA-

DRC laboratory at the National Laboratory for Biomedical Research (INRB) in Kinshasa, DRC.  

The DBS extraction and assay protocol and multiplex technology have been described elsewhere 

[20]. A 0.25" DBS punch was extracted, shaking at room temperature, in 1ml phosphate buffered 

saline, 0.05% Tween-20, and 5% dried milk, which represents a 1:143 fold dilution assuming 7µl 

of serum per punch. The Dynex Technologies Multiplier FLEX chemiluminescent immunoassay 

platform with a research use only M² multiplex kit for measles, mumps, rubella, varicella-zoster 

virus, and tetanus (MMRVT) was used to test samples for IgG antibody response.  Polystyrene 

beads coated separately with antigen to measles, mumps, rubella, varicella-zoster, and tetanus were 

immobilized within 54-well M² assay strips with 10 beads per well and processed using a modified 

Dynex DS2® automated ELISA system for IgG antibody detection.  In this study, serologic 

distribution was described via estimated mIU/mL, based on correlation with an International 

Reference curve. Based upon epidemiologic studies [7, 21], protective serology cutoff was set at 

120 mIU/mL. The value of 32 mIU/mL was used to indicate previous infection among children 

reporting history of measles, as this was the beginning of the upward peak of detectable values, 

above which antibody was presumed to indicate true exposure to measles. Although higher 

antibody levels would be expected in older children with measles infection history, children 
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infected prior to complete waning of maternal antibody might generate a much lower immune 

response. 

Statistical analysis 

As we were unable to verify reported measles cases with laboratory testing and differentiate natural 

from vaccine-induced immunity, children were considered to have had natural infection if (1) past 

measles was reported by the mother and (2) the child had a measles serology level of at least 32 

mIU/mL. Distribution of antibody level was examined by vaccination report and measles disease 

history.  To assess immunologic effects of vaccination, we examined measles cases by age 

vaccinated, time since vaccination, and nutrition status. We also calculated VE, stratified by age. 

Logistic regression was used to examine both measles disease and protective immunity predicted 

by vaccination. To control for variability in probability of selection and interview, DHS household 

and individual sampling weights were applied to analyses. 

All analyses were performed using SAS software, Version 9.4 (SAS Institute, Cary, NC). Ethical 

approval was obtained at UCLA Fielding School of Public Health, the Kinshasa School of Public 

Health and the Centers for Disease Control and Prevention.  As children were younger than the 

standard age of assent, the parent or guardian of participating children provided consent on the 

child’s behalf. 

 

4.4 Results 

 

Out of the sample of 7,170 children 6-59 months, 597 (9%) reported history of measles and 2379 

(34%) had seroprotective antibody levels against measles (data not shown). Median antibody level 

for the entire sample of children aged 6-59 months was 83.0 mIU/mL (SE: 2.4 mIU/mL) (data not 
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shown), and stratified median antibody level varied across age categories within each type of 

vaccination report, between vaccination report types, and by measles disease report 

(Supplementary Table 1). “Marked card” reports of vaccination made up only 3% of all 

vaccination reports and are not shown in Supplementary Table 1. Children 12 months and older 

reporting vaccination via dated card displayed the highest median antibody levels. Those reporting 

vaccination via maternal recall had the highest levels among infants 6-8 months  (35.3 mIU/mL, 

Standard Error (SE): 13.8), and among infants 9-11 months (65.7 mIU/mL, SE: 6.7). Stratifying 

by measles report, among children with vaccination report via dated card, children less than 24 

months reporting past measles demonstrated higher median antibody levels, while children 24 

months or older demonstrated higher values in the non-disease group. Among children reporting 

vaccination via maternal recall, those with past measles demonstrated higher median antibody 

levels in all age groups, as did unvaccinated children..  

Examination of protective immunity levels revealed few children with protective immunity among 

9 month old children reporting vaccination via dated card or via maternal recall (Figure 1). In all 

age groups, many children lacked seroprotection. Children vaccinated at less than 12 months of 

age demonstrated the greatest measles prevalence, with 6% of children vaccinated at < 9 and 9-11 

months reporting history of measles, respectively, and only 1% of children vaccinated at 12 months 

or later reporting measles (Table 1). Prevalence of measles also increased as time since vaccination 

increased, while long-term nutrition status did not appear to impact measles prevalence. 

Measles vaccination only showed protective effects against measles disease when vaccination 

reports were limited to dated card (Table 2) (OR: 0.48, 95% CI: 0.27, 0.86), although vaccination 

was predictive of protective levels of immunity for all report types adjusted OR for all reports: 

1.42, 95% CI: 1.20, 1.68; adjusted OR for report via dated card only: 1.73, 95% CI: 1.30, 2.31). 
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Limiting vaccination reports to those with dated card, VE (Table 3) was low (62%) among children 

9-11 months of age, highest (100%) among those 12-14 months, and then trended downward with 

increasing age.  

 

4.5 Discussion 

 

Immunity against measles appears too low to effectively halt the spread of disease in DRC, with 

only about one-third of children demonstrating protective levels of antibody. Lack of 

seroprotection could be due to lack of vaccination, failure to mount an effective immune response, 

loss of vaccine integrity (via breaks in the cold chain or other means), incorrect vaccine 

administration, or infant infection during which maternal antibody interference prevents a robust 

immune response [22].  

Vaccination at less than one year of age appears to be insufficient to mount an adequate immune 

response in many children. Among those reporting vaccination via dated card, few children 9-11 

months of age mounted seroprotective immune response levels, and children vaccinated less than 

one year of age were also most likely to be infected with measles. Children vaccinated at 9 months 

are thought to have a 10-15% vaccination failure rate [23], and one U.S. study found a measles 

attack rate of 6.3% in children vaccinated prior to 12 months of age (attack rate in unvaccinated 

children was 8.5%, and 1.7% in children vaccinated at ≥ 12 months of age), with vaccine failure 

determined to play a meaningful role in this outbreak [24]. Additionally, there appears to be some 

decrease in protection as time since vaccination increases, agreeing with recent findings of waning 

immunity[25]. 
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Examination of VE among reports via dated card reveals suboptimal VE within the 9-11 month 

age range, which agrees with previous findings that children vaccinated under one year of age may 

not be adequately immunized.  VE peaks at 12-14 months of age and then begins to decline, which 

might indicate improper vaccine administration, cohorts of children that missed vaccination, or 

waning immunity. Reasons for declining VE in older age groups should be further explored.  

Strengths of this study include a large, nationally representative sample and increased confidence 

in maternal measles reports due to confirmation of measles serology via multiplex assay. To our 

knowledge, this is the first study to report national measles seroprotective status of children in 

DRC. Limitations include, first, potential residual misclassification of vaccination status, 

particularly since such a large proportion of reports were based on maternal recall. If 

misclassification of vaccine report is occurring, it is likely differential, since children with 

vaccination cards are more likely to report accurate vaccination status than those reporting via 

maternal recall. Differential misclassification could result in estimates biased either toward or 

away from the null. To address this concern, we limited a number of analyses to vaccinations 

reported via dated card. An additional limitation in terms of vaccination classification is our lack 

of individual-level data for measles immunization campaigns, resulting in potentially more 

children vaccinated than our data indicate. Next, although clinical signs of measles, particularly 

Koplik Spots, can give a high positive predictive value in measles endemic areas (when laboratory 

confirmation is not available)[26], measles reports were obtained from mothers rather than trained 

health care workers, and so may be less reliable.  However, despite the lack of health care 

practitioner reports of disease, we were able to substantiate maternal reports of measles with 

serology, therefore lessening the possibility of outcome misclassification.  Further, any such 

misclassification would likely be non-differential, biasing estimates toward the null.  
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Conclusions 

This study identifies clear gaps in measles immunity that can inform future policy and research. 

Not only must measles vaccination coverage be increased among DRC children, but we must 

ensure that vaccinated children are adequately protected. Receiving a single vaccination prior to 

waning of maternal antibody or waning of vaccine-induced immunity with time may be factors in 

inadequate seroprotective levels. The mechanism and clinical importance of acute fever and 

diarrhea episode on measles antibody levels among the naturally infected should also be explored. 

Understanding the factors that decrease host seroprotective antibody levels will aid in developing 

more efficient and effective immunization programs. 
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Table 4.1. (Supplementary). Measles median antibody level (estimated mIU/mL) by vaccination status and age (weighted). 

Age 
(months) 

N 
Unvaccinated Dated card Maternal recall 

n Median 
mIU/mL  

SE n Median 
mIU/mL  

SE n Median 
mIU/mL  

SE 

6-8 387 357 33.4 3.2 --- --- --- 30 35.3 13.8 
9-11 424 237 37.3 6.3 61 60.1 16.9 126 65.7 6.7 
12-23 1592 522 57.2 4.6 254 88.1 7.3 816 78.0 3.0 
24-35 1570 343 84.0 8.5 221 97.6 10.2 1006 92.4 5.0 
36-47 1472 338 81.3 5.3 119 122.0 14.5 1015 103.7 6.1 
48-59 1432 279 96.6 5.0 126 110.7 15.9 1027 110.2 2.8 

Total 6877                   

  By measles report1 

Age 
(months) 

N Unvaccinated Dated card Maternal recall 

Measles - (n) Measles + (n) Measles - (n) Measles + (n) Measles - (n) Measles + (n) 

6-8 383 32.4 (349) 104.8 (7) --- --- 31.3 (26) 171.6 (1) 
9-11 424 36.9 (227) 43.7 (10) 60.0 (60) 113.6 (1) 63.3 (119) 89.8 (7) 
12-23 1588 52.9 (477) 114.7 (41) 87.9 (250) 111.5 (4) 75.0 (752) 134.4 (64) 
24-35 1569 77.9 (299) 109.0 (42) 98.7 (214) 78.3 (8) 89.4 (914) 119.8 (92) 
36-47 1457 73.3 (284) 214.1(41) 123.4 (107) 108.4 (12) 100.5 (913) 77.8 (100) 
48-59 1415 94.5 (231) 115.1 (32) 117.1 (111) 79.4 (14) 107.2 (900) 145.4 (127) 

Total 6836             
1Measles positive status defined as a child having past measles reported by mother plus at least 32 mIU/mL measles antibody level. 
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Figure 4.1. Measles antibody level (estimated mIU/mL) by vaccination report type, paneled by age 
in months. Unvx = unvaccinated, Dated = report via dated vaccination card, Recall = report via 
maternal recall. One observation > 1100 mIU/mL excluded from maternal recall group. 
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Table 4.1. Measles cases by age vaccinated and time since vaccination, limited to children reporting vaccine via dated card for 
variables including vaccination and full dataset when examining malnutrition (weighted). 
Age at 
vaccination 
(months) 

No history of measles (%) Estimated mIU/mL (SE) History of measles (%) Estimated mIU/mL (SE)1 Total 

< 9  100 (94) 109.4 (19.2) 6 (6) 79.6 (---) 106 
9-11 538 (94) 99.9 (7.2) 33 (6) 98.2 (31.6) 571 
≥ 12  104 (99) 95.1 (9.0) 1 (1) 93.1 (---) 105 
Total 742 (95)  40 (5)  782 
Time since 
vaccination 
(months) 

          

          
0-11 307 (98) 91.1 (7.1) 6 (2) 105.4 (5.2) 313 
12-23 189 (96) 90.6 (9.7) 7 (4) 77.9 (---) 196 
24-35 123 (94) 121.8 (15.8) 8 (6) 90.8 (---) 131 
36-47 107 (93) 118.7 (15.9) 8 (7) 111.4 (39.4) 115 
48-59 14 (56) 152.9 (33.5) 11 (44) 77.2 (---) 25 

Total 740 (95)   40 (5)  780 

Chronic 
malnutrition 

       
          

Stunted 3293 (91) 82.5 (2.7) 313 (9) 119.2 (10.2) 3606 
Not stunted 2831 (91) 85.6 (3.3) 288 (9) 121.4 (8.7) 3119 
Total 6124 (91)   601 (9)   6725 
1"(---)" indicates standard error not calculable due to the same values for both quantile 1 and median.   
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Table 4.2: Measles disease and measles protective immunity predicted by vaccination.  

Variable Unadjusted OR and 95% CI Adjusted1 OR and 95% CI 

  Past Measles2 
Measles vaccination     
All reports (n = 6907) 1.05 (0.76, 1.46) 0.81 (0.58, 1.13) 
   Report via dated card only 
(n = 2429) 0.49 (0.28, 0.86) 0.48 (0.27, 0.86) 

  Protective Immunity ≥ 120 mIU/mL 
Measles vaccination   

All reports (n = 6947) 1.79 (1.54, 2.08) 1.42 (1.20, 1.68) 
Report via dated card only (n 
= 2461) 1.68 (1.29, 2.20) 1.73 (1.30, 2.31) 

   

1Controlling for the following addditional covariates: measles vaccination, age, mother's education, sex, rural versus urban 
residence, wealth index,  birth order, province of residence, and chronic malnutrition (according to NCHS/CDC/WHO 
international references standard for height/age SD). 
2Defined as children with maternal report of past measles and measles antibody level of at least 20 mIU/mL. 
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Table 4.3. Vaccine efficacy stratified by age, limited to dated card vaccination reports.  
Report via dated card 

Age (months) 
No 

history of 
measles 

History of 
measles 

Total (n) ARunvaccinated 
(per 100)1 

ARvaccinated 
(per 100)2 Vaccine efficacy 

(%)3 
6-8       

Unvaccinated 363 6 369 1.6 --- --- 
Vaccinated --- --- --- --- ---  
9-11       

Unvaccinated 220 10 230 4.3 --- 62.3 
Vaccinated 60 1 61 --- 1.6  
12-14       

Unvaccinated 173 10 183 5.5 --- 100.0 
Vaccinated 69 0 69 --- 0.0  
15-23        

Unvaccinated 289 32 321 10.0 --- 88.1 
Vaccinated 166 2 168 --- 1.2  
24-35        

Unvaccinated 299 41 340 12.1 --- 73.2 
Vaccinated 210 7 217 --- 3.2  
36-47        

Unvaccinated 281 40 321 12.5 --- 21.7 
Vaccinated 111 12 123 --- 9.8  
48-59        

Unvaccinated 233 36 269 13.4 --- 34.2 
Vaccinated 114 11 125 --- 8.8  
1Attack rate in the unvaccinated calculated as: (cases among the unvaccinated/total unvaccinated)x100. 
2Attack rate in the vaccinated calculated as: (cases among the vaccinated/total vaccinated)x100. 
3Vaccine efficacy calculated as: ((ARvaccinated - ARunvaccinated)/ARunvaccinated)x100. 
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Chapter 5. Association of previous measles infection with markers of acute infectious 

disease among children 9-59 months of age in the Democratic Republic of the Congo 

 

5.1 Abstract:  

Background: Transient immune suppression and increased susceptibility to infection associated 

with measles is well known, but recent studies suggest an immune amnesia that could have long-

term immunosuppressive effects.  

Methods: We examined the association between past measles and acute episodes of fever, cough, 

and diarrhea among 6,340 children aged 9-59 months whose mothers were selected for interview 

in the 2013-14 Democratic Republic of Congo (DRC) Demographic and Health Survey (DHS). 

Mothers reported the history of measles within the lifetime of the child, and fever, cough, and 

diarrhea episodes within the previous two weeks. Classification of children who had measles was 

completed using maternal recall and measles immunoglobulin G serostatus obtained from a 

multiplex immunoassay dried blood spot analysis. Measles vaccination status was obtained via 

maternal recall and vaccination card.  A logistic regression model was used to examine the 

association between previous measles and episodes of fever, cough, or diarrhea. Association with 

time since measles and fever, cough, and diarrhea outcomes was also examined.  

Results: The odds of fever, cough, or diarrhea in the previous two weeks were 1.43 (CI:1.09, 1.89), 

1.47 (CI:1.22, 1.88), and 1.30 (CI:0.94, 1.79), respectively, among children reporting measles 

compared to children with no history of measles.  

Conclusion: Our results suggest that measles may have a long-term impact on selected markers of 

acute infectious diseases among children 9-59 months in DRC. These findings support the 
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hypothesis of immune amnesia suggested by others and underscore the need for continued 

evaluation and improvement of DRC’s measles vaccination program. 

 

5.2 Introduction 

Measles is a highly contagious viral disease caused by a single stranded RNA paramyxovirus 

(genus Morbillivirus). Vaccination with presently used measles vaccines also results in long lasting 

immunity with a seroconversion rate of around 95% following one dose of vaccine among children 

12 months of age or older [1]. In 2014, the Democratic Republic of Congo’s (DRC) Demographic 

and Health Survey (DHS) reported only 64.9% coverage for measles vaccination nationwide 

among children 12-59 months of age [2], and measles ranked 15th among top causes of death for 

children less than five years of age in the DRC, contributing substantially to child mortality [3]. 

In addition to the high burden of measles among DRC children, measles has more severe effects 

on child health due to widespread immune suppression stemming from malnutrition. DRC’s DHS 

2013-2014 reported that 23% of children under five years are acutely malnourished (wasted) and 

43% are chronically malnourished (stunted) [2, 4]. Malnutrition has been linked to dysfunction of 

cell-mediated immunity [5] and increased risk of measles morbidity and mortality in resource poor 

regions, with 1998 reports estimating 5-25% measles mortality in developing areas versus 1% in 

the U.S. during the measles epidemic in 1989-1990 [6]. Areas with high levels of malnutrition tend 

to manifest greater severity in measles cases, and children with malnutrition-induced immune 

suppression who are afflicted with severe measles maintain a viremia three times longer than 

children of normal nutritional status [7].  Further, measles infection greatly increases the risk 

corneal ulceration and subsequent blindness among African children, particularly in the 
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undernourished [1, 8]. Even in the healthy child, measles virus infection is associated with a 

transient but severe immune suppression [9, 10]. However, large population studies in England 

and Wales, the United States, and Denmark, in which mortality rates in the pre-measles vaccine 

era were compared with rates of the vaccine era, noted that the “immune amnesia”, or depletion of 

memory lymphocytes, following measles was not transient, but lasted 2-3 years [11].  

In a resource poor area such as DRC, limited health care services, poor nutrition, and high levels 

of infectious diseases make host immune function of crucial public health importance. Therefore, 

identifying and quantifying risk factors for adverse disease outcomes due to immune suppression 

can provide valuable recommendations for DRC public health policy and practice.  

 

5.3 Methods 

Data source and study population 

The 2013-2014 Demographic and Health Survey (DHS) took place from November 2013 to 

February 2014, and is a nationally representative survey based on a stratified two-stage cluster 

design, with the first stage consisting of Enumeration Area (EA) formation and the second of 

sampling households from each EA [2, 12-14]. In the first stage, a stratified sample of geographic 

locations, or clusters (n = 540) were selected with proportional probability according to size. 

Complete listings of households were created within each cluster, and households were selected 

with equal probability (n = 9,000). Within these households, 18,827 women ages 15-49 and 8,656 

men ages 15-59 in 50% of selected households were interviewed.  
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Children 6-59 months of age in households in which men were selected for interview were eligible 

for the survey. Collected data included weight, weight, anemia, health outcomes, and vaccination 

history. After parental consent, dried blood spots (DBS) were collected from participants to assess 

immunity to vaccine-preventable diseases and processed at the University of California, Los 

Angeles (UCLA) – DRC laboratory at the National Laboratory for Biomedical Research (INRB) 

in Kinshasa. All survey data was transferred from paper questionnaires to an electronic format 

using the Census and Survey Processing System (U.S. Census Bureau, ICF Macro). Data was 

double entered and verified by comparison of both datasets.  

Ethical approval was obtained at UCLA Fielding School of Public Health, the Kinshasa School of 

Public Health and the Centers for Disease Control and Prevention.  As children were younger than 

the standard age of assent, the parent or guardian of participating children provided consent on the 

child’s behalf. 

Laboratory analysis  

DBS samples were extracted using a modified extraction protocol [15] and processed at the 

UCLA-DRC laboratory at the National Laboratory for Biomedical Research (INRB) in Kinshasa, 

DRC.  The DBS extraction and assay protocol and multiplex technology has been described 

elsewhere [16]. The Dynex Technologies Multiplier FLEX chemiluminescent immunoassay 

platform with a research use only M² multiplex kit for measles, mumps, rubella, varicella-zoster 

virus, and tetanus (MMRVT) was used to test samples for IgG antibody response. The limit of 

quantitation (LOQ), the lowest quantity at which antibody can be detected within a predetermined 

level of precision [17], was estimated to be 32 mIU/mL. This value was used to indicate previous 

infection among children reporting history of measles.  
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Study Design 

We assessed the association of past measles disease with increased prevalence of infectious disease 

markers among 6,547 children aged 9-59 months. Due to the cross-sectional nature of this study, 

we assessed prevalence of the acute infectious disease markers of fever, cough, and diarrhea during 

the two week reporting period. Final sample size was determined by variables available for each 

child.  

Mothers selected for the DHS household interview reported whether the child had ever had 

measles, as well as the approximate age of illness. Of these children, those below the minimum 

antibody level indicating previous measles infection were excluded. Among these children with 

maternal report of measles, 588/693 (85%) had measles antibody levels of at least 32 mIU/mL, 

meeting serologic criteria (data not shown).  Only children with both positive history of measles 

and positive serology were classified as measles positive in this study. Acute markers of infectious 

disease where obtained by maternal report of whether their child had episodes of fever, cough, or 

diarrhea in the two weeks prior to interview. Vaccination has been described previously 

(unpublished data- cite vx coverage paper), and was reported in three ways: via maternal recall, 

dated vaccination card, and vaccine marked (without date) on card.  

Statistical Analysis 

A logistic regression model was used to examine the association between measles and fever, 

cough, or diarrhea episodes. The model was again run to examine measles association with 

occurrence of all three episodes within the same two week period, and finally to examine 

association with time (in months) since measles infection and fever, cough, or diarrhea episodes.  
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Covariate selection was based on known potential confounders [18] [19] plus malaria status, since 

this is a common cause of severe illness of children in this region. Included in the model were 

measles vaccination, sex, age, malaria status, rural versus urban residence, wealth index, month of 

interview (to account for seasonality), chronic malnutrition, number of children five years and 

under in the household, and birth order.   

Missing or indeterminate values for covariates (3.5% of the crude sample) were removed from 

analyses. Although other studies on long term effects of measles have examined mortality, data on 

all cause deaths between measles cases and non-measles cases were not available.  As DHS 

primarily provides information on living children, we examined markers of infection as our 

outcome of interest, which, to our knowledge, has not been examined in this context. To control 

for variability in probability of selection and interview, DHS household and individual sampling 

weights were applied to analyses. Analyses were completed using SAS 9.4.  

Ethical approval was obtained at UCLA Fielding School of Public Health, the Kinshasa School of 

Public Health and the Centers for Disease Control and Prevention.  As children were younger than 

the standard age of assent, the parent or guardian of participating children provided consent on the 

child’s behalf. 

 

5.4 Results 

Differences (Table 5.1) were observed between history of measles disease and age (χ2 = 0.0016), 

measles disease and province (χ2 < 0.0001) (additional descriptive statistics in Supplementary 

Table 5.1). In logistic regression analyses (Table 5.2), children with history of measles disease 

had greater odds of experiencing fever, cough, or diarrhea (ORfever = 1.49, CI: 1.26, 1.77;  ORcough 
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= 1.46, CI: 1.22, 1.74; and ORdiarrhea = 1.29, CI: 1.03, 1.60). History of measles showed even 

stronger association among children with fever + cough + diarrhea episode (OR = 1.78, 95% CI: 

1.28, 2.48). Measles vaccination was associated with decreased odds of fever and diarrhea, and 

positive malaria test was associated with increased odds of fever and of diarrhea and decreased 

odds of cough. 

Time since measles analysis 

Out of 681 children with information on date of measles disease, median number of months since 

disease was 15.1 (95% CI: 13.6, 16.7), with range of 0-57 months (data not shown). Analyses 

examining associations with acute fever, cough, or diarrhea episode and a categorical “time 

(months) since measles” variable were performed with this subset of children reporting measles 

(Table 5.3). Trends of increased odds for fever outcome among children with measles disease 

remained statistically significant across two categories in adjusted analyses, with OR estimates for 

increased odds of fever among children reporting measles in the previous 11-20 and 21-20 months 

of OR = 1.67, 95% CI: 1.22, 2.28; and OR = 1.69, 95% CI: 1.13, 2.52; respectively. Odds of cough 

increased for children reporting measles within the past 2-10 months (OR = 2.13, 95% CI: 1.41, 

3.22), and odds of diarrhea increased for children reporting measles > 30 months in the past (OR 

= 1.87, 95% CI: 1.05, 3.34). 

 

5.5 Discussion 

Our analysis suggests that previous measles  infection, as reported via maternal recall and meeting 

serologic criteria, was associated with increased odds of fever, cough, and diarrhea outcomes 

among children 9-59 months, which supports the hypothesis of “immune amnesia” leading to a 

prolonged period of increased risk for death due to other infectious diseases [11]. Further, children 
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experiencing all three markers of infectious disease within the same two-week period 

demonstrated the most profound estimates, showing a dose-response effect with the sickest 

children also having the strongest association with history of measles disease.  Association with 

infectious disease markers with time in months since measles disease supports the hypothesis of 

prolonged immune suppression, although we are unable to explain why the statistically significant 

estimates for fever and diarrhea increase in magnitude with increasing time since measles. While 

cough outcome did not show a strong association with measles history by time in months for most 

categories, it was the only outcome to demonstrate an association in the 2-10 months since measles 

group, which could be due to measles virus infection of and transmission via some respiratory 

epithelial cells, resulting in cell disruption [9, 20-22]. Measles-induced damage to the respiratory 

epithelium, which a healthy child would overcome quickly, can take several months to heal in a 

malnourished, Vitamin A-deficient, or otherwise immunocompromised child [1], and could be 

contributing to the elevated odds of cough seen in our analysis.  

Measles vaccination demonstrated a general trend of protective association against fever and 

diarrhea, as well as against exhibiting all three infectious disease markers.  Measles vaccination 

has been suggested to exert beneficial nonspecific effects, which are thought to affect resistance 

to infectious diseases other than the targeted disease [23], and both observational and randomized 

trials from low-income countries have demonstrated an association between measles vaccination 

and reduced overall mortality and morbidity that cannot be explained by prevention of measles 

alone [24-31]. Further research is warranted to determine how much of the protective association 

against fever and diarrhea is due to measles vaccination itself, apart from the prevention of measles 

disease, and also what is driving the association with measles and increased odds of cough among 
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some children. Also, malaria symptoms and treatment are commonly associated with fever and 

may include diarrhea, and this agrees with the associations seen in our analyses.  

This is the first study to examine the association of previous measles infection with prolonged 

increase in prevalence of acute infectious disease markers. Strengths of this study include a large, 

nationally representative sample, increased confidence in maternal measles reports due to 

confirmation of measles serology via multiplex assay, and date of measles report to assess measles’ 

association with fever, cough, or diarrhea episodes over time. There were several limitations: 1) 

Potential misclassification of vaccination status. Differential misclassification could result in 

estimates biased either toward or away from the null. Despite this concern, our estimates showed 

consistent trends in each reporting category. 2) Although clinical signs of measles, particularly 

Koplik Spots, can give a high positive predictive value in measles endemic areas [32], measles 

reports were obtained from mothers rather than trained health care workers, and so may be less 

reliable.  However, despite the lack of health care practitioner reports of disease, we were able to 

substantiate maternal reports of measles with serology, therefore lessening the possibility of 

exposure misclassification.  Further, any such misclassification would likely be non-differential, 

biasing estimates toward the null. 3) Elevated levels of malnutrition in regions such as DRC can 

drive measles mortality rates as high as 10% [33]. Survivor bias may have occurred in our study, 

as the most severely affected children might have died and so not have been included in analyses, 

although survivor bias would likely influence estimates toward the null. 4) The cross-sectional 

nature of the survey may have missed acute infectious disease episodes in children truly 

experiencing overall increased incidence due to previous measles infection but who did not 

experience disease during the two week reporting window for the DHS survey. 5) Due to 
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convergence issues, some predictors could not be included all models, making confounding by a 

concern, although estimates differed little from those of the models with all covariates. 

In conclusion, these findings support the hypothesis of “immune amnesia” suggested by others 

and underscore the need for continued evaluation and improvement of DRC’s measles vaccination 

program. Elevating vaccination coverage in under-immunized areas is an important component of 

strengthening the national vaccination program to control and eliminate measles. Additionally, 

more studies in wealthy countries could further clarify the effect of immune amnesia. Increase in 

infectious disease episodes over the long term in children who have a history of measles infection 

puts added strain on both the local health system and on the wellness of other children to whom 

the infected child comes in contact. The profound impact of measles on the lives and health of 

children in sub-Saharan Africa warrants concerted efforts toward mitigation and elimination of 

this disease, and better defining the risks measles poses to child health can drive and refine 

vaccination program policy. 
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Table 5.1. Select frequency data in children 9-59 months of age with and without a history of 
measles (full frequency data in Supplementary Table 1). 

Variable All children Measles history n(%) No	measles	history	n(%)	

Vaccinated for measles    		
   No 1614 163 (10) 1451	(90)	
   Yes 4729 425 (9) 4304	(91)	
Total 6343 588 (9) 5755	(91)	
P-value1 0.5734 
Age (months)     		
   9-11 397 18 (5) 379	(95)	
   12-23 1547 111 (7) 1436	(93)	
   24-35 1547 140 (9) 1408	(91)	
   36-47 1435 148 (10) 1288	(90)	

48-59 1416 172 (12) 1244	(88)	
Total 6343 588 (9) 5755	(91)	
P-value 0.0016 
Province     		
   Kinshasa 439 26 (6) 413	(94)	
   Bandundu 1160 100 (9) 1061	(91)	
   Bas-Congo 284 7 (2) 277	(98)	
   Equateur 939 126 (13) 813	(87)	
   Kasai-Occidental 491 14 (3) 477	(97)	
   Kasai-Oriental 691 82 (12) 609	(88)	
   Katanga 653 54 (8) 599	(92)	
   Maniema 221 11 (5) 210	(95)	
   Nord-Kivu 531 36 (7) 495	(93)	
   Orientale 549 102 (19) 447	(810)	
   Sud-Kivu 385 30 (8) 355	(9)	
Total 6343 588 (9) 5755	(91)	
P-value <0.0001 
1Wald chi-square test.    
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Supplementary Table 5.1. Supplementary frequency data for children 9-59 months of age. 

Variable All children Measles history n(%) No measles history n(%) 

Sex       
   Male 3138 308 (10) 2830 (90) 
   Female 3204 279 (9) 2925 (91) 
Total 6343 588 (9) 5755 (91) 
Chi-square P-value  0.2498  

Wealth index       
Poor 2944 306 (10) 2639 (90) 
Middle 1277 104 (8) 1172 (92) 
Rich 2121 178 (8) 1944 (92) 

Total 6343 588 (9) 5755 (91) 
Chi-square P-value  0.2185  
Rural vs urban residence       
   Urban 1940 162 (8) 1777 (92) 
   Rural   4403 425 (10) 3978 (90) 
Total 6343 588 (9) 5755 (91) 
Chi-square P-value  0.3939  

Chronically malnourishedb       
Yes 3037 302 3003 
No 3306 285 2751 

Total 6343 588 (9) 5755 (91) 
Chi-square P-value  0.7756  

Birth order       
1 (firstborn) 1173 120 (10) 1053 (90) 
2 1067 88 (8) 980 (92) 
3 968 104 (11) 864 (89) 
4 875 80 (9) 795 (91) 
5-15 2259 196 (9) 2063 (91) 

Total 6343 588 (9) 5755 (91) 
Chi-square P-value  0.6282  

Malaria test       
   Negative 4910 448 (9) 4463 (91) 
   Positive 1432 140 (10) 1292 (90) 
Total 6343 588 (9) 5755 (91) 
Chi-square P-value 		 0.6023   
aWald chi-square test. 
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bCalculated  according to NCHS/CDC/WHO international reference standard for height/age as ≤ -3.0 standard 
deviation (SD) below the mean, -2.0 to -2.99 SD below the mean, normal, 2.0 to 2.99 SD above the mean, ≥ 3.0 
SD above the mean, from most undernourished to most overnourished, respectively. 
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Table 5.2. Association of measles disease history with acute infectious disease episode of fever (n = 6340), cough (n = 6339), diarrhea (n 
= 6340), and fever + cough + diarrhea (n = 6338) in the two weeks prior to interview among children 9-59 months of age. 

  Fever Cough Diarrhea  Fever + Cough + Diarrhea 

Variable OR and 95% CIab OR and 95% CI OR and 95% CI OR and 95% CI 

Measles 1.45 (1.07, 1.96) 1.39 (1.05, 1.83) 1.19 (0.89, 1.60) 1.65 (1.03, 2.66) 
   Selected covariates         
   Received measles vaccination 0.84 (0.69, 1.00) 0.95 (0.78, 1.16) 0.68 (0.56, 0.84) 0.52 (0.37, 0.72) 

   Malaria positive 1.53 (1.28, 1.83) 0.86 (0.72, 1.03) 1.37 (1.11, 1.69) 1.12 (0.80, 1.57) 

aControlling for the following covariates: measles vaccination, rural versus urban residence, province, wealth index, wealth index*residence interaction, sex, 
malaria positive status, age, birth order, chronic malnutrition (according to NCHS/CDC/WHO international references standard for height/age SD). 
b339 observations reporting fever, cough, and diarrhea within the previous two weeks.   
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Table 5.3. Association of time in months since measles diseasea with acute infectious disease 
episode of fever (N = 6200), cough (N = 6199), or diarrhea (N = 6200) in the previous two weeks 
among children 9-59 months of age. 
 Fever Cough Diarrhea 

Variable  OR and 95% CIb OR and 95% CI OR and 95% CI 

Time since measles (months)c       
   2-10 vs ref (n = 178) 1.19 (0.75, 1.89) 2.11 (1.40, 3.30) 1.13 (0.74, 1.73) 
   11-20 vs ref (n = 157) 1.59 (1.03, 2.46) 0.96 (0.62, 1.50) 1.24 (0.72, 2.14) 
   21-30 vs ref (n = 98) 1.72 (1.01, 2.92) 1.27 (0.78, 2.08) 1.10 (0.56, 2.14) 
   >30 vs ref (n = 119) 1.58 (0.89, 2.80) 1.61 (0.94, 2.76) 1.91 (1.02, 3.6) 
a552 observations reporting date of measles disease. 
bControlling for the following addditional covariates: measles vaccination, rural versus urban residence, wealth 
index, residence*wealth index interaction, sex, malaria positive status, age, birth order, month of interview (to 
partially control for seasonality), and chronic malnutrition (according to NCHS/CDC/WHO international 
references standard for height/age SD).  
cReference = no history of measles. 
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Chapter 6. Conclusions and Implications 

 

6.1 Conclusions 

Both measles containing vaccine (MCV) coverage estimates and population seroprotective 

levels are too low to effectively halt measles transmission in the Democratic Republic of Congo 

(DRC). Unmet vaccination coverage goals could be due to missing the most difficult to reach 

children, particularly the poorest and those in rural and geographically remote areas[1]. Lack of 

seroprotection could be due to lack of vaccination, failure to mount an effective immune response, 

loss of vaccine integrity (via breaks in the cold chain or other means), incorrect vaccine 

administration, or infant infection during which maternal antibody interference prevents a robust 

immune response [2].  

Measles disease and vaccination themselves can also act on the immune system in 

nonspecific ways, with measles causing a prolonged “immune amnesia” and measles vaccination 

causing beneficial immunologic effects to the host, independent of the prevention of measles. DRC 

children not only have an increased mortality risk if infected with measles [3], but may also be at 

risk of increased episodes of fever, cough, and diarrhea in the years following infection. Moreover, 

DRC children who receive measles vaccination reduce their risk of fever and diarrhea. 

Measles persists as a significant cause of childhood morbidity and mortality. The highly 

transmissible nature of this virus warrants aggressive and continued efforts to control and eliminate 

measles in DRC. Research should also be dedicated to understanding the immunologic effects of 

measles and measles vaccine. More precisely defining how vaccination benefits host immune 

function can lead to more strategic vaccination interventions and more predictable public health 

results. Coupled with strategic targeting to reach all children with measles vaccination, integrating 
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knowledge of how to most effectively boost a child’s immune system can provide better health for 

children while more efficiently utilizing public health resources. 
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