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Abstract

Background

An Ebola disaster; the deadliest in the history of Ebola in the Democratic Republic of Congo (DRC), is unfolding
in North Kivu and Ituri provinces. An interdisciplinary research team investigated the impact of the Ebolavirus
disease (EVD) outbreak on vital health services delivery under the coordination of DRC National Vaccination
Program, Ministry of Health. We report on the impact of the ongoing Eastern Congo EVD outbreak on routine
child immunization in the EVD-affected in North Kivu province, DRC.

Methods

This was a retrospective longitudinal study consisting in a time-trend analysis that was conducted in 40 public
health facilities that organize routine child immunization in four of the 34 ‘Health Zones’ of the North Kivu
province, namely Beni, Butembo, Katwa and Mabalako. Data were collected during two distinct 3-month
periods: the “pre-Ebola period” (1 May through July 2018) and the “Ebola period” (1 August through October
2018), to compare the vaccination trends. Mean number of vaccine doses administered in pre-Ebola and Ebola
periods were compared (unpaired t test).

Results

Compared to the “pre-Ebola period”, overall monthly mean vaccines uptake dropped during the “Ebola
period”: BCG (157.1 £150.3 vs. 227.5 + 138.4; p<0.0001), Oral polio (OPV: 505.1 £ 474.6 vs. 631.3 + 353.9;
p<0.001), Measles vaccine (147.6 £ 126.7 vs. 184.7 £ 102.5; p<0.001), pneumoccocal vaccine (PCV13: 445.8 +
395.5 vs. 554.3 £ 299.8; p<0.001) and inactivated polio vaccine (IPV: 183.9 + 141 vs. 153.9 £ 146.6, p<0.01).
Furthermore, when considering the trend in child immunization in each of the four Health Zones during ‘Ebola
period’, vaccine uptake shrank considerably in most health zones, whereas a complete disruption of vaccine
delivery was observed in Mabalako health zone where the epicenter of this outbreak is located.
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Conclusion

The ongoing Ebola outbreak has a negative impact on child health services, routine vaccination in particular.
Supplementary immunization coupled with the strengthening of routine child vaccination services should
be implemented to address gaps in immunity among children in affected provinces and reduce the risk of
other infectious diseases outbreaks. Keywords: Democratic Republic of Congo; Ebola virus disease; Child

immunization,; Outbreak.

Keywords: Democratic Republic of Congo, Ebola Virus Disease, Child Immunization, Outbreak

Introduction

The first Ebolavirus disease (EVD) outbreak first occurred in
1976 in a village near the Ebola river in the Democratic Re-
public of Congo (DRC, formerly Zaire) [1, 2]. Since then, there
have been 10 confirmed EVD outbreaks in DRC and overall 35
epidemics in the world, including the 2014-2016 West African
outbreak which ended with more than 28,600 cases and 11,325
deaths [3, 4]. The ongoing East-Congo EVD outbreak was de-
clared on 1 August 2018 at Mabalako Health Zone in Beni, North
Kivu province [5]. It is the most severe EVD outbreak to occur
in DRC. A recent report from the World Health Organization
(WHO) shows 3,091 reported cases of whom 2,980 confirmed
and 111 probable cases; a total of 2,074 cases died (as of 10
September 2019) [6].

The epidemic has recently crossed the country’s border, with
confirmed cases from a family in Kasese district, Uganda, that
stayed in Mabalako during the funerals of a relative who was a
Congolese pastor infected by Ebolavirus [7]. The eastern DRC is
a region affected by two decades of armed conflict and extreme
gender-based violence (including rapes of women and children)
perpetrated by soldiers and armed militia members, since the
beginning of the Congo war in 1998; and North Kivu is one of
the provinces that have been bearing the heaviest burden of this
conflict [8, 9].

While EVD can have major impacts on mortality and morbid-
ity from infection as seen from the 2014- 2016 West African
outbreaks, it can additionally have other health and societal
consequences unrelated to infection. Consequences include
social instability, poor food reserves, breakdown of healthcare
systems and reduced vaccination coverage for children under
five. Breakdown of healthcare systems and reduced vaccination
coverage were considered the worst consequences during the
West African EVD outbreak as nearly all health resources were
shifted to the EVD response [10]. Disruptions of local health
systems could lead to underreporting of other diseases leading to
a second crisis that could negatively impact as many as persons
as the original outbreak, if not more [9]. Several studies have
described this phenomenon during the West African EVD out-
break, showing the movement of resources to response efforts
were responsible for significant disruptions to the provision of
routine health care [11-13].

Up-to-date, less information has been available on the impact
of the Ebola outbreak on preventive child health services such
as routine vaccination, particularly in DRC. In fact, DRC is the
country that has experienced the highest number outbreaks in
the history of EVD; however, no scientific report on the child
vaccination issue has been available in the literature. Main-

taining routine immunization activities during an outbreak of
a communicable disease such as EDV is vital to prevent other
vaccine-preventable diseases and associated morbidity and mor-
tality. It has been projected that due to the disruption in the rou-
tine immunization services for 12-18 months, around 25-75%
reduction in the vaccination rates have been observed at country
level since the end of the West-African Ebola outbreak [14].

The present study aimed to examine the impact of the ongoing
East-Congo Ebola outbreak on childhood vaccination and assess
the trend in vaccination activity across the pre-Ebola and Ebola
periods in North Kivu province, DRC.

Methods

Study Design and Sites

A retrospective longitudinal study, consisting in a time-trend
analysis, was conducted in 40 public health facilities that orga-
nize routine child vaccinations, located in four of the 34 health
zones of the North Kivu province, namely Beni, Butembo, Kat-
wa and Mabalako [15]. The latter is the name of the Health Zone
where Mangina, the epicenter of the ongoing EVD outbreak, is
located. North Kivu is one of the East- Congo provinces that
are still suffering from a two decade of conflict related atrocities
perpetrated by foreign and local armies and militias, resulting in
an unprecedented and generalized insecurity, shortage of health
care providers and the breakdown of the provincial health sys-

tem.
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Figure 1: Map of Eastern Congo provinces of North Kivu and
Ituri showing Health Zones affected by the ongoing Ebola out-
break, with the epicenter located in Mabalako (CDC ebola map,
2019)15 [Permission for reproduction of this image was ob-
tained from CDC, USA]
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Data Collection

Data were from compiled standardized vaccination tally sheets
used in health facilities and reported to the Health Zone office on
a monthly basis, in conformity with recommendations from the
DRC National Vaccination Program. For this study, we used data
recorded from May through October 2018, and two periods of
3 months each were considered to compare the trend of vaccine
uptake: the “pre-Ebola period” (May-July 2018) and the “Ebola
period” (August-October 2018). These periods correspond to the
period before and after the official declaration of the outbreak,
respectively. Data collection was undertaken simultaneously in
all 40 health facilities by experts of the DRC National Vacci-
nation Program, Ministry of Health. They were transcribed in
prepared excel files for statistical analyses.

Declared in early August 2018, the ongoing Eastern Congo Eb-
ola outbreak started at Mangina area in Mabalako Health Zone
in North Kivu province, then spread within Mabalako. Later on,
new cases were reported in Health Zones located around Ma-
balako such as Katwa, Beni and Butembo before reaching the
Ituri province within the same month. This largest-ever epidem-
ic to occur in DRC is ongoing in a densely-populated region
with cross-border population flow with neighboring countries
such as Uganda, South Sudan, Rwanda and Burundi. It has been
declared a public health emergency of international concern on
17 July 2019.

Outcome Variables

The main outcome variable was the number of vaccination pro-
cedures performed during each of the study periods. Besides,
other information related to type of health facility and the vac-

cine types [Bacilli Calmette-Guerin (BCG), Pentavalent vaccine,
oral polio vaccine (OPV), Measles vaccine, anti-amaryl vaccine
(AAV), inactivated polio vaccine (IPV), Tetanus vaccine, pneu-
mococcal vaccine (PCV13)] was collected.

Data Analysis

In order to reduce the possible influence of seasonal difference
in the number of vaccination procedures, comparisons between
pre-Ebola and Ebola periods were limited to six months. Mean
values of the number of vaccine doses administered per month
in the pre and ongoing Ebola periods were compared using un-
paired t test. All the analyses were performed with the use of
SPSS 23 software, and the significance level of difference was
set at p < 0.05 (double-sided).

Results

Change in vaccine uptake in all four Health Zones (Beni, But-
embo, Katwa, Mabalako) declaration of the ongoing East-Congo
Ebola outbreak before and after the Table 1 shows the trend of
number of vaccine doses administered monthly in all 40 public
health settings of the four selected health zones in North Kivu
province, according to vaccine types. It was observed that the
number of vaccine doses administered during the pre-Ebola
period was significantly higher for all vaccine types compared
to the Ebola period: 195.3+280.8 vs. 157.1+150.3 for BCG
(p<0.001), 484.94298.6 vs. 444.3+393.1 for pentavalent vaccine
(p<0.001), 549.6+345.3 vs. 505.1+474.6 for OPV (p< 0.001),
175.2496.0 vs. 147.6£126.7 (p<0.001) for VAR, 167.2+£92.3 vs.
142.4+124.5 for VAA, 163.9£100.0 vs. 154.0+146.6 for IPV,
197.1£155.8 for Tetanus vaccine, 475.0£301.7 vs. 445.8+£395.5
for PCV13 (p<0.01), respectively.

Table 1: Mean number of vaccine doses administered per month during the pre-ebola and ebola periods in all four Health

Zones, May —October 2018

Vaccine type Pre-Ebola period (Mean = SD) | Ebola period (Mean + SD) p-value
BCG (Bacille Calmette-Guerin) 227.5+1384 157.1 £ 150.3 <0.0001
Pentavac (pentavalent vaccine) 484.9 + 298.6 4443 +393.1 <0.01
OPV (oral polio vaccines) 631.3 +£353.9 505.1£474.6 0.001
Measles vaccine 184.7+102. 5 147.6 £ 126.7 <0.001
AAV (anti-Amaryl vaccine) 183.3+ 104 142.4 +124.5 <0.001
IPV (inactivated polio vaccine) 183.9+£99.8 153.9 £ 146.6 <0.01
Tetanus vaccine 188.9 + 141 152.8+172.6 <0.05
PCV 13 (pneumococcal vaccine) 554.3 £299.8 445.8 £ 395.5 <0.001

Vaccine Uptake in Each of the Health Zones During the
Pre-Ebola and Ebola Periods

Figure 2 shows the monthly trends in under-five vaccination
by vaccine type administered at health- facility level during the
pre-Ebola and Ebola periods in all four Health Zones. In Beni,
a decline of monthly number of vaccine doses was observed in
September, a month after the declaration of the outbreak, the
four antigens (BCG, OPV, Pentavalent, Measles). In addition, a

similar trend was observed for the four other antigens (PCV 13,
Tetanus vaccine, I[PV, VAA), but not significantly (Fig. 2A, B).
On the other hand, though the number of vaccine doses admin-
istered in Butembo Health Zone tended to be not negligible for
BCG, Pentavalent, VAA, IPV, PCV13 and Tetanus vaccine in
August 2018, a sudden drop in routine child immunization was
observed for all vaccine types in September and October 2018
(Fig. 2 C, D).
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Figure 2: Trend in the number of vaccine doses administered during routine child immunization services before and after Eastern
Congo Ebola outbreak declaration in Beni (A, B), Butembo (C, D), Mabalako (E, F) and Katwa (G, H) Health Zones -Legend: BCG,
Baccili Calmette-Guerin; OPV, oral polio vaccine; AAV, anti- amaryl vaccine; IPV, inactivated polio vaccine; PCV13, pneumocccal
vaccine 13; Penta, Pentavalent vaccine; TET, Tetanus vaccine. The figure shows an overall decline in vaccine uptake in the Ebola
period in Beni and Butembo Health Zones as compared with the status of routine vaccination in pre-Ebola period, whereas no rou-
tine vaccination was administered during the first 3- month period of the Eastern Congo Ebola outbreak (August-October 2018).

Regarding the status of routine child immunization service in
Mabalako Health Zone where the epicenter of the current EVD
outbreak is located, a striking drop of vaccine uptake was ob-
served for all antigens (BCG, Pentavalent, OPV, Measles, VAA,
IPV, Tetanus and PCV13 vaccines), suggesting the absence of
child immunization activity from August to October 2018 in the
area (Fig. 2 E, F). Furthermore, in Katwa Health Zone, a relative
reduction in vaccines doses administered was observed for BCC
and Pentavalent vaccines in October 2018 but not significantly.
It remained almost unchanged for OPV, Measles, and Tetanus
vaccines. Regarding PCV13, a drop in vaccine uptake was not-
ed in July 2018 (pre-Ebola period). Then, an increase in August
2018 during the Ebola period, which was followed by a sharp
decrease in vaccine uptake in September and October 2018 (Eb-
ola period) (Fig. 2 G, H).

Discussion
This study adds to the growing pool of literature concerning vac-
cination trends before and during an Ebola outbreak, and is the

first from the DRC, a country that has experienced the most EVD
outbreaks since its discovery in 1976. There was a significant de-
crease in the number of vaccine doses administered monthly for
all antigens received during the Ebola outbreak (August-October
2018) as compared with the pre-Ebola period (May-July 2018).
Our results corroborate those found in several other countries
affected by EVD [11, 16].

Additionally, there was an overall reduction in the number of
children vaccinated during the “Ebola period”, which is consis-
tent with the notion of reduced health services use secondary to
community perception of increased risk of contracting Ebola.
This, coupled with the ‘no touch’ policy in which health work-
ers were ordered not to practise invasive procedures, might have
contributed to the reduction in the number of vaccines provided,
as most vaccines (except polio vaccine) require an injection into
either the upper arm or thigh. The priority of Ebola response and
control, coupled with constraints in logistical support to ensure
vaccine delivery and timely reporting, may also have played a
role in the decline in vaccination coverage among health facili-
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ties in the areas most affected by Ebola.

Furthermore, rumors surrounding the current Ebola outbreak
(some local residents suspect a man-made Ebola outbreak by
those military groups that have been killing civilians) - in an area
ravaged by two decades of insecurity due to armed conflicts and
extreme violence — might have spread the fear among the eastern
Congo population [17, 18]. This fact might have also contributed
to reducing vaccines uptake in affected areas.

In regards to child vaccination in the context of EVD outbreak,
another study reported that numbers of BCG, pentavalent, and
measles vaccine doses administered remained relatively stable,
with some decreases. Our study reveals a sudden shrink in vac-
cines uptake in two of the four surveyed Health Zones, whereas
a total absence of vaccine uptake (for all vaccine types) was ob-
served in Mabalako Health zone where the epicenter of the EVD
epidemic is located, in the three month-period (from August to
October 2018) following the declaration of the outbreak.

In the context of the ongoing Ebola outbreak in DRC, a look
at data on child immunization activity during a similar period
(August-October) in 2017 showed that routine vaccination was
implemented regularly in Mabalako Health Zone, with OPV
reaching over 1,000 doses delivered (1,416 doses in August,
1,191 in September, and 1,248 in October 2017). Thus, the on-
going eastern Congo EVD outbreak caused large losses in vac-
cination outputs, leaving young children at significant risk for
infection with life-threatening illnesses, as well as potentially
putting adults at risk through the breakdown of community-level
herd immunity [19].

Epidemics of measles are often an early result of interruptions
in the delivery of public health services. Historically, measles
outbreaks have followed humanitarian crises, such as war [20],
natural disasters and political crises [10]. Measles is one of the
most transmissible infections, and immunization rates tend to be
lower due, in part, to the age at which measles vaccine must be
administered [14].

Based on surveys from health care providers, it was assumed
that a 75% reduction in vaccination rates has been observed af-
ter the west African Ebola outbreak, with the projection that the
number of children between 9 months and 5 years of age not
vaccinated against measles would increase by an average of al-
most 20 000 every month, reaching more than 1 million unvacci-
nated children by 18 month [21]. Similar reductions in the rate of
vaccination would increase the number of children not receiving
a pentavalent vaccine, BCG and oral polio vaccine.

The setbacks in vaccination rates observed in Ebola-affected
area have the potential to erode the substantial gains in the con-
trol of these diseases made in recent decades, and a large popula-
tion of children susceptible to poliovirus infection could threaten
the Global Polio Eradication Initiative, should wild poliovirus
be re-introduced. However, childhood vaccine-preventable dis-
eases (VPDs) are an area where there is a clear, relatively inex-
pensive, and one-time intervention that could erase the impact of
Ebola related health care disruptions.

Coordinated campaigns across Ebola affected Health Zones
should include targeting children who were most likely to have
missed one or more critical routine vaccinations to prevent the
occurrence of VPDs [22- 24] such as Measles during the Ebola
epidemic. More importantly, a campaign should target children
aged 6 months to 5 years (typical of the age range targeted by
follow-up supplementary immunization activities (SIAs), per-
haps extending the lower age range and administering childhood
vaccines other than measles vaccine to the youngest children.
Planning for such an immunization campaign should begin im-
peratively in order to reduce the risk of disease outbreaks in chil-
dren population.

Nonetheless, the present study has some limitation. The assess-
ment of vaccination coverage was limited to the health zone that
was the first to be affected and three other Health Zones located
quite close to the epicenter. This was based on the assumption
that health zones near the epicenter would be the most affected
at the early phase of the Ebola outbreak. On the other hand, the
reduced number of vaccinations could have been caused by oth-
er factors such as underreporting of routine immunization due
to EVD outbreak in the area. However, after interviewing the
Health Zone managers, neither such an issue nor a shortage in
hospital personnel was noted.

Conclusion

This study showed a marked decrease in the number of vaccine
doses administered for all antigens during in the “ongoing Ebola
period” in almost all Health Zones that were considered in this
study. In particular, vaccination service delivery was disrupted
in Mabalako health Zone where the ongoing EVD outbreak is
located, suggesting a dysfunction of health services following
the declaration of the EVD outbreak.

This research-based evidence on the impact of Ebola outbreak
on child immunization in DRC should be considered by Congo-
lese health authorities for better policies to be implemented in
case of occurrence of similar emergency events. Findings from
this study suggest the need for measures to be taken in order to
avoid such disruptions in health services delivery, and for SIAs
to reduce the risk of VPD outbreak.
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