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Abstract

Background: Sub-Saharan Africa reports repeated outbreaks of measles, a
vaccine-preventable disease, which is notifiable under the Integrated Disease
Surveillance and Response (IDSR) strategy in Democratic Republic of Congo
(DRC). DRC has reported several outbreaks of measles in the last three years.
Poor immunization coverage and weak health systems have been related with
measles and other vaccination-preventable diseases’ outbreaks. The DRC has
committed to eliminating measles by 2020. In this respect, we investigated
one of the outbreaks that occurred in Pweto health zone (HZ), Haut-Katanga
province, to describe the outbreak and identify risk factors. Methods: A
cross-sectional study was designed to investigate a measles outbreak in Pweto
health zone (HZ), Haut-Katanga province. Data entry and analysis were per-
formed using EPI-Info version 7.1.0.6 and MS-Microsoft Excel. Findings: In
seven months’ time, four health areas affected by a measles outbreak in Pweto
health zone reported 116-suspected cases and 13 deaths. The cumulative at-
tack rate of 42.3/100,000 population and case fatality rate (CFR) of 11.2%
were recorded. Of these, 112 (96.5%) cases were <15 years of age, and 93
(80.2%) were zero dose of measles vaccine. Although, all age groups were
concerned, under five years old were the most affected with 84 cases (72.4%).
In response to the outbreak, a response immunization was organized with the
support of MSF at the week 25 of the epidemic, when the epidemic curve
started to decline. A response immunization involving 46,205 children from 6
to 59 was implemented and overall coverage of 99% (range: 95% - 105%) was
achieved. Case management with vitamin A supplementation, active case
search, routine immunization improvement and health education were some
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of the activities carried out to curb the outbreak. Conclusion: This con-
firmed measles outbreak was caused by failure to vaccinate (80.2% unvac-
cinated cases). Poor surveillance sensitivity and the community attitude
about measles contributed to its spreading. Strengthening routine immuni-
zation, improving surveillance system and communication for behaviour
change are required.
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1. Background

Measles is an acute, highly contagious viral disease caused by measles virus in
the family Paramyxovirus, genus Morbillivirus, transmitted primarily by respi-
ratory droplets or airborne spray from the coughs and sneezes of person infected
with the disease to mucous membranes in the upper respiratory tract or the
conjunctiva [1] [2].

Measles infection can result in serious complications such as blindness, ence-
phalitis, or severe respiratory infections such as pneumonia [1] [2] [3]. The case
fatality from measles is estimated to be 3% - 5% in developing countries [1] [2].

Today, despite the availability of a safe, effective and relatively inexpensive
vaccine for more than 40 years, measles still kills more than any other vac-
cine-preventable diseases among children. There is therefore the urgent need to
revisit the measles immunization and vaccination program in Africa and in our
country DRC with the sole aim of introducing a two-dose schedule to halt the
endemic transmission [4].

The World Health Organization (WHO) member states have adopted the goal
of measles elimination in five WHO regions, including Africa by 2020 [5]. Based
on the experience of global eradication programmes, the success of disease eli-
mination depends on the worst performing country [6]. One of the targets of
measles elimination is vaccinating at least 95% of children in all districts with the
first measles dose [7]. Priority interventions for the region are improving immu-
nization coverage by strengthening routine and supplementary immunization
activities targeting susceptible population groups. The DRC’s Expanded Pro-
gram on Immunization routine measles vaccination (EPI) includes one dose of
measles vaccine administered to infants aged 9 - 11 months [8]. In 2010, WHO
and UNICEF estimated that the EPI measles vaccine coverage among children
younger than 12 months was only 68% [9]. From 2011, a resurgence of measles

cases has been reported from the country, with 133,802 cases in 2011 and 72,029
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in 2012. The world is witnessing an alarming surge in measles. In 2018, 229,068
measles cases were reported [10] [11]. According to WHO report, measles infec-
tions increased in all regions of the world in 2019. Global cases of measles in the
first three months of 2019 have quadrupled compared with the same time last
year; Africa had witnessed the most dramatic rise-up (700%). In total, 170 coun-
tries reported 112,163 measles cases to WHO, in comparison to 28,124 cases
across 163 countries during the same period in 2018 [12] [13]. The true figure
may lie far above as measles is known to be heavily underreported. In low-income
countries, poor access to vaccination, compounded by high birth rates, contin-
ues to produce massive epidemics. Large-scale outbreaks in Madagascar, DRC,
Chad, Nigeria, Philippines, Yemen, and Ukraine fuelled the overall increase in
incidence in all regions, the worst hit being the African region. DRC suffers from
outbreaks recurring every 2 - 3 years, with peaks of 182,485 cases in 2005,
133,802 in 2011 and 88,381 cases in 2013. But the magnitude of the 2019 epi-
demic has been unprecedented with 311,471 reported cases, more than ever pre-
viously reported in the history of DRC surveillance. In mid-2018 a measles out-
break began in Katanga, eastern DRC, a region frequently experiencing measles
epidemics. Early in 2019, the northeast was hit, and the outbreak further ex-
panded to all provinces of the country. In 2018, 100 HZ were declared in areas
with confirmed epidemics, 124 more HZ were added in the first semester of
2019, and 129 in the next semester. Over two years 353 HZ out of 519 had a con-
firmed epidemic.

In 2019, 6045 deaths due to measles were reported, mostly among children
under 5 years of age. Poor access to health care and fatal complications occur-
ring after the rash make many more deaths attributable to measles remain unno-
tified. In addition, measles puts children at high risk of acute malnutrition. Also,
recent evidence tells us that beyond the direct immune suppression, measles re-
sets the immune system re-exposing children to infections they were previously
immune to [14]. The objective of this investigation is to assess the magnitude
and identify the contributing factors for the measles outbreak in Pweto and gen-

erate evidence for the prevention and control of future outbreaks.

2. Methods

Study design: We conducted a cross-sectional study, including a review of the
medical and epidemiological records and interviews in Pweto health zone, Prov-
ince of Katanga, DRC from January 25 to August 5, 2018. Physicians, nurses, tra-
ditional healers and community agents were required to report suspected measles
cases immediately, based on the criteria established by the Ministry of Health’s
(MoH) Epidemiological Surveillance Division. Each case reported to the Health
zone was followed up by a review of the case record and investigated by epidemi-
ologists or nurses of the HZ team especially trained to confirm clinical diagnosis.
In order to find additional cases, all health workers and community agents were

instructed to ask patients about the presence of rash-like illness occurring in their
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neighbourhood as well as among school children.

To obtain informations on the outbreak, a line list and a semi-structured
questionnaire were designed for the study. Demographic information was col-
lected on patient characteristics, signs and symptoms of measles including date of
onset, age, gender, date of visit to health facilities, setting of transmission, compli-
cations, outcome, and vaccination status. Only persons with a well-documented
history of prior immunization were assumed to be vaccinated. All of them had re-
ceived at least one live, attenuated measles vaccine dose.

Additional data were collected on cold chain, routine immunization and pa-
tient management in health facilities. We also conducted house-to-house and
community active case searches and community-based surveillance for unre-
ported cases of measles.

Study subjects: All persons affected by measles were subjects of the study.

Study Area: Pweto HZ is located in the south-eastern part of the DRC in
Pweto territory. The population estimated to be 274,302 inhabitants in 2018, the
DRC growth rate per annum is 3%. The health zone has 16 health areas (HA)
characterized by varying ecologies, climates, and populations. The areas are di-
vided into 42 health posts. Administratively, the Pweto territory is divided into 2
HZs of Pweto and Kilwa. The total population of the territory is estimated to be
627,101 according to the 2018 census and housing projection.

Statistical analysis: Data were entered and analyzed using Epi-Info7 version
7.1.0.6 and Microsoft Excel. All data were cleaned for completeness before anal-
ysis. Attack rates, vaccination status, and case fatality rates were calculated and
results were presented using graphs and tables.

Laboratory methods: Serum specimens were collected from twenty-two sus-
pected cases and sent to the National Institute of Biomedical Research (INRB) in
Kinshasa, where measles and rubella IgM ELISA are performed according to the
global and national guidelines.

Case definitions

A suspected measles case: any person with generalized maculopapular rash
and fever plus one of the following: a cough or coryza (a runny nose) or con-
junctivitis (red eyes) [15].

A measles death: any death from an illness that occurs in a confirmed case or ep-
idemiologically linked case of measles within one month of the onset of rash [11].

A confirmed measles case: a suspected case with laboratory confirmation
(positive IgM antibody) or epidemiologically linked to confirmed cases [11].

Suspected measles outbreaks: defined as the occurrence of five suspected
measles cases in one month in a defined geographic area such as a health zone, a
health area or health facility catchment [15].

Confirmed measles outbreaks: defined as the presence of three or more la-
boratory-confirmed measles cases in a one-month time per health zone or health
area or health facility [15].

A laboratory confirmed case: a suspected case, which has laboratory results,
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indicating infection (IgM positive or isolated for a measles virus) [15].

3. Ethical Considerations

This descriptive analysis used routine surveillance data collected by the HZ ac-
tors and WHO epidemiologists. Data were not nominative. During vaccine cov-
erage surveys, verbal informed consent was obtained from each head of house-
hold visited. Privacy and confidentiality of patients were ensured by ensuring

that no identifying information was recorded.

4. Findings

During the study period (January-August 2018) 183 patients out of a total of 185
notified cases were considered as having clinical measles after reviewing by the
HZ of Pweto. The majority of suspected cases (116% - 63.4%) were investigated
by epidemiologists or nurses of the HZ to collect information according to the
questionnaire designed for this study. Only investigated cases were included in
this analysis. Thirteen deaths were reported (Case Fatality Rate (CFR) = 11.2%)
were reported from four health areas in Pweto health zone. Nineteen serum spe-
cimens were collected and 11 (57.9%) were confirmed by laboratory investiga-
tion (IgM+) (Table 1) while the rest were epidemiologically linked and clinically
compatible cases. The median age was 25.5 months ranging from 1 to 408
months. The interquartile range was 12 to 54 months (42 months) and there
were 69 (59.48%) females and 47 (40.52%) males (Figure 1), but there was no
evidence about the influence of the gender on the occurrence of the disease.
Among the 116 cases, 84 (72.4%) were <5 years old (Figure 2). The age-specific
attack rates vary and were 135.84/100,000 and 173.71/100,000 populations for
the age group <1 year and 1 - 4 years respectively, while the overall attack rate
was 42.24/100,000 population. In total four health areas out of sixteen (25%)
were affected (Table 2) and the attack rate varies from health area to health
area and ranged from 346 cases per 100,000 populations in Boma health area
to 19 cases per 100,000 in Kamakanga (Table 3). The index case date onset was
on January 25, 2018, and was reported from Boma health area (Kasanga quar-
ter), in the crowded city of Pweto and seen at health facility level on February
6, 2018.

Many cases were reported in this health area because of the presence of quali-
fied health actors (MoH and partners) and the firm implication of political and
community leaders in the outbreak management.

The cases started to build up slowly with a fluctuating trend and reached a
peak on June 23-29, 2018 during the mass response immunization campaign to
the cVDPV2 outbreak, which then started to decline shortly although it showed
an inconsistent trend (Figure 3) when lucrative community agents were in-
volved in the active search of cases.

The presence of weeks without reported cases reflects the failure of the sur-

veillance system in some health areas.
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Regardless of its remoteness and difficulties in providing immunization ser-
vice, the review of immunization coverage for the last 5 years indicates an overall
coverage of 99%, while it varied from health area to health area (range = 74% -
138%) (Table 3).

The high measles vaccination coverage in Boma contrasts with its high out-
break attack rate. The overall MCV immunization coverage in HA is very low,
which is one of the epidemic risk factors. On the other hand of those affected
children, 93 (80.2%) of them were zero dose, while 23 (19.8%) had received 1 - 4
MCYV doses (Routine or Supplementary immunization dose) (Figure 4).

Interestingly of those unvaccinated cases, 66 (71%) were <5 years old (Table 1).

The presence of unvaccinated cases among adult population proves that the
failure of the immunization system in the HZ is long-standing. The huge popu-
lation movement in the crowded city of Pweto made it easy to extend the epi-
demic to neighbouring areas, that situation made it also difficult to provide rou-
tine immunization service. Despite the difficulties, an outbreak immunization
response coupled to vitamin A administration was conducted starting on No-
vember 15, 2018, targeting 46,295 children from 6 to 59 months. Although, the
disparity between health areas, the overall administrative coverage achieved was
111.6% (range = 94.7% to 163.3%) (Figure 5).
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Figure 1. Distribution of measles cases by gender, Pweto HZ, 2018, DRC (n = 116). The
female gender was the most affected.
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Figure 2. Distribution of measles cases by age groups, Pweto HZ, 2018 (n = 116). The pa-
tients over one year old were the most affected.
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Table 1. Vaccination status of measles cases by age group, Pweto, DRC, 2018 (n = 116).

Sex Vaccination status .
Age Male Female Total Unvaccinated Vaccinated SCI:)TI(::::; Result+
N =93 (1 dose+) N =23
<1 year 8 5 13 36 (38.7%) 3 (13%) 3 1
1 -4 years 27 44 71 30 (32.3%) 11 (47.8%) 11 7
5- 14 years 1 27 28 10 (10.8%) 7 (30.5%) 4 2
15 years + 1 3 4 17 (18.2%) 2 (8.7%) 1 1
HZ 37 79 116 93 (100%) 23 (100%) 19 11
The presence of unvaccinated cases among the patients aged beyond one year is noted.
Table 2. Distribution of measles cases by health areas, Pweto HZ, 2018 (n = 116).
Health area Case Proportion (%) Death CFR (%)
Boma 103 88.8 9 8.7
Chanfubu 5 4.3 2 40
Chalanshi 5 4.3 1 20
Kamakanga 3 2.6 1 33
HZ 116 100 13 11.2
Boma HA in the crowded city of Pweto reported a high number of measles cases.
Table 3. Measles administrative immunization coverage and attack rate by HA, Pweto HZ, 2014-2018, DRC.
Health area Year Average' Attack rate?
2014 2015 2016 2017 2018 coverage
Boma 111 113 96 117 108 109 346
Chalanshi 91,3 95 96 120 95 100 22
Chamfubu 103 34 150 55 114 91 25
Kakonona 92 94 114 111 103 103 NA?
Kamakanga 82 87 87 96 100 90 19
Kapondo 94 98 114 98 96 100 NA?
Kapulo 63 91 95 98 104 90 NA?
Kasama 96 99 94 86 90 93 NA3?
Kas-Kamulumbi 67 55 85 76 86 74 NA3?
Katonta 83 87 89 107 85 90 NA®
Kinkalangu 78 78 86 80 90 82 NA’®
Kizabi 26 272 119 86 114 124 NA?
Mumbalanga 144 139 120 137 150 138 NA?
Mwela 101 93 98 101 103 99 NA?
Mwenge 77 95 89 89 92 88 NA’®
Sante 118 117 100 81 101 103 NA?
Health zone* 93 102 104 97 101 99 42.3
% of Health areas with MCV > 95%° 37.5 50 62.5 56.2 68.7 50

'Calculated by summing the five years’ coverage and divided by five; target 95%; *Attack rate/100,000 population in affected health area; *Non affected health
areas; “Calculated by dividing the number of MCV doses given by the target number of children <12 months of age and multiplying by 100; target > 95%;
*Calculated by dividing the number of health areas reporting 295% MCV coverage by the number of health areas and multiplying by 100; target: 100%; The
high measles vaccination coverage in Boma contrasts with its high outbreak attack rate. The overall MCV immunization coverage in HA was very low.
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Figure 3. Measles Epi-curve by week of onset, Pweto HZ, DRC, August 2018 (n = 116). W: Epidemiological week. The presence of
weeks without cases (8, 9, 10, 13, 16, and 17) was observed. The curve reached the peak during the cVDPV2 response immuniza-
tion when lucrative community agents were involved in the active search of cases.
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Figure 4. Vaccination status of measles cases, Pweto HZ, 2018, DRC (n = 116). A huge proportion of unvaccinated cases was ob-
served among the affected population.
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Figure 5. Immunization response coverage by health area, Pweto HZ, DRC, 2018. All health areas reached high immunization

coverage (295%).
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5. Discussion

The outbreak investigation showed that many cases of measles were unreported
and the deaths reported do not reflect the reality considering the poor perfor-
mance of the epidemiological system in the health district and the refractory be-
haviour of the population hiding affected patients. The female gender was more
affected than the male (59.48%), and more <15 years of age were primarily af-
fected by the outbreak. We observed a high proportion of unvaccinated children
(80.2%) in this outbreak, indicating the low level of population immunity despite
high coverage reported in the health zone (Table 3). The zone like the rest of the
country had conducted catch-up campaigns for those who are aged between 6 -
59 months old with an interval of 3 - 4 years. The outbreak affected all age groups,
while under five years children representing 71% were the most affected (Table 1).
Close to the proportion published in a study about measles in the DRC (63%) [16],
even older than 15 years persons were affected, which may indicate the persistent
low routine immunization coverage over several years and the accumulation of
the susceptible population in the older age group that may have led to the cur-
rent outbreak. Inadequate and poor cold chain management system coupled with
hard to reach health areas makes it difficult to provide potent vaccine in routine
immunization service likely also contributed to the outbreak. While the zone
made some prominent progress in improving routine immunization, there is
still pocket and hard to reach areas that are difficult to reach and provide routine
immunization despite the introduction of routine immunization for over six
decades. The proportion of unvaccinated patients in our findings (80.17%) was
higher than the one reported from Marshall Islands (59%), Rio de Janeiro (72%
in <1 year old) [17] [18] and Ethiopia, in Guji zone (2017) (75%) [15]. Never-
theless, the unvaccinated patients’ proportion in this study is similar to the pro-
portion reported in Ginnir district of Bale zone, Ethiopia in 2019 (79%) [11]. We
found a similar attack rate (42/100,000) than the one recorded nationally during
a measles outbreak, 41 per 100,000 populations, in 2008 [19]. We also found the
disparity in the attack rate among health areas. This is due to the weakness of the
surveillance system and the cultural misbehaviour of the community considering
the measles a mysterious disease that has no medical treatment. That situation
delayed detection and confirmation of the epidemic, which led to a delayed re-
sponse. On the other hand, the higher attack rate may be due to the build-up of
the susceptible population that may have contributed to the spread of the disease
faster than expected. The disparity of attack rate may be the reflection of routine
immunization as the performance of health areas concerning routine immuniza-
tion is different between health areas and the epidemiological surveillance per-
formance. The response vaccination conducted at the time of the decline of the
Epi-curve may have had little or no impact on the overall epidemic control since
many of the patients may have been already exposed or contracted the infection
and may have recovered from measles illness. The highest attack rate (31 cases

per 100,000) was observed among children <5 years old, which is the reflection
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of weak routine immunization in the affected health areas. This finding is similar
to a study conducted in South Africa [20].

The attack rate in our finding (42/100,000) is higher than the cumulative at-
tack rate reported (37/100,000) in South Africa’s study and similar to the attack
rates in other studies conducted including Shimada district (41/100,000) in
Ethiopia [20] [21].

Additionally, a relatively large proportion of cases <9 months were affected by
the epidemic, which creates a concern regarding the age at which vaccination
should start. This may be due to contributing factors like malnutrition or be-
cause children of this age group may have no sufficient maternal antibody at the
very beginning which may indicate a long-standing problem with measles vac-
cination onset. The low proportion of affected health areas (25%) associated
with the peak of the EPI-Curve at the period of the cVDPV2 response campaign
(week 26) proves that the community-based surveillance is not efficient and only
the community agents engaged in the SIAs are involved in a lucrative active
search of the affected children in the community. The case fatality rate in this
study (11.2%) was higher than the general measles case fatality in developing
countries (3% - 5%) in general and up to 10% in closed outbreaks [22] when it is
compounded by malnutrition [23]. The case fatality rate in this study is sup-
posed to be very high because of the fact that death at the community level is not
registered and this only includes health facility deaths. The study conducted in
Simada district in Ethiopia indicated a higher CFR rate (13.4%), including the
study done on hospital admitted cases in Zimbabwe, Kenya, and Niger [24] [25].
However, our findings are also higher than that of Sudan (0.9%) and Ethiopia (0,
2% in Guji zone of Oromia Region) [15]. To prevent measles outbreaks or in-
terrupt transmission and to enhance elimination of measles, 95% population
immunity is needed. However, the administrative coverage of measles vaccina-
tion in the zone under review range from 83% - 125% for the last four years with
great disparity between health areas, which indicates suboptimal population
immunity to prevent an outbreak. The absence of functional fridge at some
health posts and hardship topography setup coupled with long travel distance to
get the vaccine from the health centers may have affected the potency of the vac-
cine, and as a result, it could be the contributing factors for low population im-
munity while high coverage reported in some health areas where the epidemic

occurred.

6. Limitation of the Study

The limitation of our study is the incompleteness of data and the inclusion of
non-measles cases that do not fulfill the case definitions as line lists were col-
lected by health workers at a lower level. That situation was also due to the
weakness of the community-based surveillance in health areas. Additionally,
death recorded only captures those deaths that occurred at health facility level,

and community deaths were not reported.
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We also were unable to describe the epidemic profile and evaluate the impact

of the vaccination after the implementation of the response immunization.

7. Conclusions

Almost all cases were reported by Boma, Chalanshi and Chanfubu health centers
and in Katabe and Chanfubu hospitals in Pweto, the most populated city of the
HZ. The persistent movement of the population and hard-to-reach areas chal-
lenged the routine immunization delivery system and during the investigation, it
was witnessed that health facilities in some outbreak affected areas suffered from
a lack of constant delivery of potent vaccine and regular maintenance of cold
chain equipment. All of these HA have poor routine immunization data quality.
Reaching every child (REC) strategy has to be strengthened in the HZ with par-
ticular emphasis to hard-to-reach areas to enhance the current immunization
service.

Data quality self-assessment or cluster coverage survey should be conducted
to verify the reported high vaccination coverage in some health areas (HA), es-
pecially in Boma. Periodic intensification of the routine immunization (PIRI)
should be implemented to recuperate unvaccinated children under 23 months
old. Surprisingly, the remote health areas did not report even one suspect
measles case during the outbreak. The peak of the epidemic was observed when
the cVDPV?2 response immunization was implemented. During that period, AFP
case notification and reporting were enhanced. We recommend that all poten-
tially reporting sites should be exhaustively identified, prioritized and feasible
strategies designed to be regularly supported for quality case detection, investi-
gation and reporting. Private health facilities, traditional healers and prayer
houses in the HZ must be targeted to strengthen the epidemiologic surveillance.
Furthermore, a review of the case investigation tools to determine the contribu-
tion of traditional sites in case reporting would increase the evidence for further
strengthening of the surveillance system at community level. Sensitization and
advocacy have to be done to convince the communities and the political deciders
to change the behaviour considering the measles as a mysterious disease without
medical treatment. This way of thinking delays the detection of the epidemic,
increases the attack and fatality rates and complicates the outbreak management.
The community agents should not enhance the community-based surveillance
only during lucrative immunization activities but also every time in order to
strengthen the disease detection and forecast the outbreak profile. Realistically,
should it also be possible to provide a motivation to the volunteer community
agents involved in the vaccine-preventable diseases (VPDs) active search to ex-
pect better results. It is also proved that the first measles-containing vaccine
(MCV) dose should be introduced into routine immunization programs before
nine months of age seeing the occurrence of the disease before the single usual
vaccination age (9 months).

The study shows that valuable information on the measles outbreak in very
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hard to reach and remote health areas is important to improve the completeness
of the reports.

The study provides also information on the impact of early immunization re-
sponse to control outbreaks of measles and the need to have sensitive and strong

surveillance system to timely detect and respond to an outbreak of measles.
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