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Highlights

« Low vaccination levels in Guinea facilitated a nationwide measles outbreak in 2017.

« Most cases were among young children born during or following the Ebola epidemic.
e Modeling transmission by vaccination timing can evaluate response effort success.

e Mass vaccination during the outbreak maintained transmission below epidemic levels.
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Summary

Objective: To estimate the time-dependent measles effective reproduction number (R;) as an indicator of
the impact of three outbreak response vaccination (ORV) campaigns on measles transmission during a

nationwide outbreak in Guinea.

Methods: R; represents the average number of secondary cases generated by a single primary case in a
partially immune population during a given time period. Measles R; was estimated using daily incidence
data for 3,952 outbreak-associated measles cases in Guinea in 2017 for the time periods prior to, between,
and following each of three ORV campaigns using a simple and extensible mathematical model.

Results: R was estimated to be above the threshold value of 1 during the initial growth period of the
outbreak until the first ORV campaign began on March 13 (R; =1.60, 95% CI. 1.55-1.67). It subsequently
dropped below 1 and remained < 1 through the end of the year (range: 0.71-0.91), although low levels of

transmission persisted.
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Conclusions: Reduction in R; coincided with implementation of the ORV campaigns, indicating success
of the campaigns at maintaining measles transmission intensity below epidemic growth levels. However,
persistent measles transmission remains an issue in Guinea due to insufficient levels of herd immunity.

Estimation of R; should be further leveraged to help decision makers and field staff understand outbreak

progress and the timing and type of vaccination efforts needed to halt transmission.

Keywords: Epidemiology; Infectious diseases; Measles; Mathematical model; Disease outbreaks;

Vaccination campaign

Introduction

Widespread vaccination has significantly reduced measles-related morbidity and mortality worldwide, yet
measles remains a disease of global public health concern due to its highly transmissible nature,
propensity to rapidly develop into outbreaks among children in resource-scarce settings, and rising levels
of vaccine hesitancy.? Although primarily spread between humans via direct contact (e.g., droplets from
coughing or sneezing), the measles virus (MeV).can become aerosolized and persist in an airspace or on
surfaces for several hours.® Symptomatic disease begins with a high fever followed by rash, and typically
includes cough, conjunctivitis, and/or coryza. Disease transmissibility is quantified by the basic
reproduction number Ro, which estimates the number of secondary cases produced by a single infectious
individual in a completely susceptible population during their entire infectious period—from
approximately four days prior to four days after rash onset.® The R, of measles is high relative to other
human diseases,” although factors such as population location and density influence contact structures,
producing a wide variation in reported estimates.>® A systematic review of the measles R, found that
among African countries the median measles Ry was 12.8 (range: 4.6-203.3), and for least-developed
countries overall was 15.9 (range: 3.6-203.3).°

As vaccination and immunity gained from natural infection render a proportion of individuals immune to
measles, MeV transmission is more accurately quantified by the time-dependent effective reproduction
number R;, which estimates the average number of secondary cases produced by a single infectious
individual within a partially immune population at a given time or time period t. When Ry is less than the
threshold value of 1, the number of new infections decreases with each generation, outbreaks taper off,
and extended reduction in transmission can lead to disease extinction.” The goal of vaccination, therefore,

is to reduce the pool of susceptible individuals and maintain R; < 1. Targeted vaccination coverage for
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measles containing vaccine (MCV) in order to achieve herd immunity and eventual measles elimination, a
goal of the World Health Organization (WHO) Regional Office for Africa since 2012, is generally
estimated at 95%.%°

In Guinea, the 2013-2016 West African Ebola virus disease (EVD) epidemic weakened the already
fragile health system,'® hampering routine administration of a first dose of MCV to children born just
before and during the epidemic.**** Massive disruption of daily life, healthcare worker shortages and
deaths,'®* fear of contracting EVD in health facilities," implementation of cautionary measures against

1316 increased distrust of vaccines,!” and lack of

spread of EVD in routine healthcare,* vaccine shortages,
recognition that vaccination can prevent measles™ all contributed to reduced MCV coverage in Guinea,
which reached a 10-year low of 28% in 2014, and was approximated at 48% between 2015-2017."° In the
wake of the EVD crisis, five million Guinean children ages 6 months-10 years were vaccinated against
measles via mass vaccination campaigns amidst small, intermittent measles outbreaks in order to increase
population immunity and prevent measles-related morbidity and mortality among this susceptible age
group.’®? Nonetheless, in early 2017 a nationwide outbreak sparked that continued through the end of the

year.

Initial localized response was succeeded by three outbreak response vaccination (ORV) campaigns
interspersed between March 13 and May 1, 2017 that non-selectively targeted a combined two million
children ages 6 months—10 years across 28 health districts (HDs).?> ORV campaigns are cost-effective,

2122 and have been

mortality-preventing interventions for outbreaks in low- and middle-income countries
part of the World Health Organization (WHO) strategy for response to measles outbreaks in settings with
measles mortality-reduction goals since 2009.% Previous studies have assessed the impact of ORV
campaigns using before and after estimates of case incidence or attack rates.?*?® However, R, has rarely
been used to assess the impact of vaccination during outbreaks” and provides an easily interpretable and
(when calculated in real time) actionable estimate of transmission. The aim of this evaluation was to
calculate the measles R; with respect to the three ORV campaigns held in 2017 to assess the impact of the

campaigns on measles transmission in Guinea.

Methods
Outbreak data

Guinea is divided into eight administrative regions and 38 health districts (HDs)—one for each of 33

prefectures, and five in the capital region of Conakry. During the 2017 measles outbreak, HD teams
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collected and reported case data to the Guinea Ministry of Health on a weekly basis. The outbreak began
the first week of 2017 and was officially declared on February 8. The ORV campaigns took place March
13-19 (N’Zérékoré HD; 148,344 vaccinated), April 7-15 (Conakry HDs; 662,733 vaccinated), and April
21-May 1 (Boffa, Boké, Coyah, Dalaba, Dinguiraye, Dubréka, Faranah, Forécariah, Fria, Gaoual,
Gueckédou, Kankan, Kindia, Kissidougou, Kouroussa, Macenta, Mamou, Mandiana, Pita, Siguiri,
Télimélé, and Yomou HDs; 1,315,918 vaccinated). The campaigns were reported to have reached
between 97-104% of their respective target populations of children 9 months—10 years (N’Zérékoré and
Conakry HDs) and 6 months-5 years (22 other HDs), although low denominator (underestimated target
population) and high numerator (children outside of target group vaccinated) biases may have affected
these estimates, resulting in values higher than 100%. Vaccination was provided to children in the

targeted age group and geographic region regardless of their vaccination status.”

Outbreak cases were defined and classified using national Integrated Disease Surveillance and Response
guidelines, and include laboratory confirmed, epidemiologically confirmed, and suspected cases.* All
case classifications were included in the analysis with equal weight. Suspected cases had clinical onset of
fever plus maculopapular (non-vesicular) generalized rash as well as cough, coryza, and/or conjunctivitis
or were otherwise suspected to have measles by a clinician. Epidemiologically confirmed cases were
suspected cases with illness onset less than one incubation period apart from a confirmed case in the same
HD (weeks 1-11) or village (weeks 12-52). Laboratory confirmation was determined by detection of
measles-specific immunoglobulin M (IgM) antibodies, though testing was not performed for cases
epidemiologically linked to the outbreak. To improve case identification and better target case
management efforts, the geographic delimitation for epidemiologic linkage was changed at 12 weeks

from HD to village level.

The dataset contained information on date of illness onset, date of consultation with a healthcare worker,
and date of notification to a health authority, allowing for investigation of the temporal distribution of the
outbreak. Date of illness onset was known for 5,275 cases (88.9%). For the remaining 657 cases (11.1%),
date of illness onset was imputed from date of consultation when available using the mean delay between
date of onset and date of consultation. If date of consultation was also missing, onset was imputed from
the mean delay between date of onset and date of notification. Vaccination status was determined based
on vaccination card and caregiver-reported history. The dataset was checked for logical inconsistencies,
omissions, and improbable data. Cleaning and analysis were conducted using R 3.5.2.%" Individual
consent was not necessary because the study used data that were previously collected as part of Guinean
routine surveillance and outbreak response activities and deidentified for analysis. The study was
approved by the Medical Ethics Committee at Hokkaido University.
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Model

We estimated the effective reproduction number R; as a function of time using a pulse time-dependent R;

where

Ry, fort<t
R,, fortg<t<ty
R3, fort; <t<t,
R4, otherwise.

Rt=

The time period t < t, refers to the initial epidemic growth period and implicitly includes localized
response measures (e.g., case isolation) implemented prior to the ORV campaigns. The cutpoints to, t;,
and t, represent ORV campaign start or buffer period end dates, with the latter set to two weeks after the
former, as cases with illness onset during a buffer period were likely exposed to MeV prior to the start of
the relevant ORV campaign. Buffer periods are considered as measles seroconversion is expected to

occur approximately two weeks (i.e. one incubation period) after vaccine receipt.>**2°

We used daily incidence data to calculate the expected number of cases at calendar time t following the
renewal equation

t—i

E(i) =Ry Z t—s s

=1

in which the sum of observed cases i at time t was varied by the distribution of the generation time (the
time between infection of an-infector and infectee) gs, where s refers to the infection age. As time of
infection is unknown for all cases, values for the generation time were derived as the daily difference of
the cumulative distribution function of a discrete gamma distribution with a mean of 12 days and standard

deviation of 3.4 days.**** R,

was estimated from the negative logarithm of the likelihood and 95%
confidence intervals were derived from the profile likelihood. The final model was selected based on

Akaike information criterion (AIC) values, with the lowest value preferred.

In addition, to gain insight into area-specific dynamics we calculated the epidemic growth rate from
incidence data stratified by each ORV campaign area. We employed the equation E(C(t)) = ae™, where
E(C(t)) describes the expected number of new infections (i.e. incidence) at calendar time t, a is the initial
number of cases, and r denotes the growth rate over time t, optimizing the model using the likelihood-
based approach and Gaussian distribution.** Confidence intervals were estimated from the profile
likelihood.
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Results

The outbreak began the first epidemiological week of 2017 and incidence peaked in March (week 10). Of
the 5,932 cases, 16.1% were laboratory confirmed, 79.6% were epidemiologically confirmed, and 4.3%
were suspected to have measles. Age at symptom onset was available for 99.0% of cases. Most cases
(73.4%) were under 5 years of age (Figure 1) and the median age at infection was 2 years (interquartile
range [IQR]: 1-5). Nearly one-tenth of cases (8.8%) were too young to be targeted for routine vaccination
(< 9 months). The majority of these very young cases were from the capital region of Conakry (Table 1).
Just under half (47.5%) of all cases were female.

Vital status was missing for 12.0% of cases. A total of 29 deaths were reported, of which 22 were among
children under five years old. There was one death among cases < 9 months (Table 1)—a child with
unknown vaccination status. The overall and children under five years old case-fatality ratios (CFR) were
equivalent, at 0.5%. Most deceased cases were unvaccinated (89.7%) and the CFR for unvaccinated cases
was 0.6%. Mean age at death was 3 years (range: 8 months—14 years). Kindia HD had only 3.1% of all
cases but 31.0% of all deaths and the highest CFR of all the HDs (4.9%).

Less than one-sixth of cases (13.4%) had previously been vaccinated. Most cases were unvaccinated
(74.7%) or had unknown vaccination status (11.9%). A small proportion of cases (2.4%) were < 6 months
of age and therefore unlikely to have been vaccinated through routine or supplementary vaccination—
although 6.4% of cases < 6 months were reported to have received at least one dose of MCV. The largest

proportion of unvaccinated cases > 9 months of age were from Conakry (Table 1).

Accounting for changes.in the measles R; at the beginning of each ORV campaign provided the model fit
that best captured peak timing of the outbreak (Figure 2) and minimized AIC (Table 2). In this selected
model, R; was estimated to be 1.60 (95% CI: 1.55-1.67) during the initial growth period of the outbreak,
then dropped below 1 following the first ORV campaign and remained < 1 for the rest of the year (Table
2, Figure 2). R, followed a similar pattern using cutpoints set to the end of the campaign buffer periods,
wherein Ry was 1.23 (95% ClI: 1.19-1.27) during the initial growth period of the outbreak then dropped
below 1 and remained < 1 for all subsequent time periods (Table 2).

Estimates of the growth rate r of the outbreak for each of the time periods determined by our selected
model (Table 2) are presented in Table 3. In all campaign areas, the growth rate r converted from positive
to negative values between the r1 (pre-campaign) and r2 (post-Campaign 1) time periods. In the

Campaign 1 and 2-targeted HDs, the estimated growth rate remained negative in r3 and r4—although the

7
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confidence intervals spanned zero. The wide confidence intervals for the Campaign 1 HD (N’Zérékoré
HD) during the third and fourth time periods (r3 and r4) reflect the lack of cases in that area during the
latter part of the outbreak. For the Campaign 3-targeted HDs, there was a resurgence in growth in those
HDs prior to the ORV campaign (r3), but the growth rate again became negative following

implementation of the campaign (r4).

Discussion

The model presented here captured the peak timing of the 2017 measles outbreak in Guinea and
demonstrated that ORV campaign implementation coincided with the decrease and maintenance of R to <
1 (Figure 2). The low median age at infection (2 years) of cases indicates that measles transmission during
the outbreak was largely driven by a substantial number of susceptible children born during and following
the EVD epidemic, as previously predicted.** Despite vaccination of over seven million children via
supplementary mass vaccination campaigns in 2014-2017, the post-EVD epidemic pocket of susceptible
children increased to beyond pre-EVD levels, with only 39.5% of Guinean children 12—-23 months

surveyed in 2018 vaccinated against measles, compared to 61.8% in 2012.%%

Despite low levels of population immunity; synchronicity of the reduction in R; with the timing of the
ORYV campaigns indicates that the campaigns succeeded at elevating herd immunity in real time, likely
preventing additional measles cases and measles-related deaths.***’ Estimation of R; to assess the

%39 or retrospectively,”® can serve as a useful

transmission dynamics of measles, whether in real time
indicator of the impact of control measures such as quarantine™ or vaccination campaigns (as presented
here). Although it is expected that R; will decrease following implementation of the ORV campaigns, the
trend need not be linearly decreasing as there may be hotspots of transmission activity in other areas. The
increase in R; following Campaign 2 (Conakry HDs) may be related to the positive growth in the
Campaign 3-targeted HDs during that time period (Table 3). The subsequent reduction in R; from the third
to fourth time periods may indicate that having campaigns in more than one area was critical to
maintaining control of the outbreak (Table 2). While transmission was successfully reduced following the
ORYV campaigns, routine vaccination remains critical to attaining a level of herd immunity capable of

preventing future outbreaks in Guinea.

Over 95% of measles-related deaths occur in countries with low per-capita incomes and weak health
infrastructure, such as Guinea.' Mass vaccination campaigns can importantly help to reach children from
less wealthy households*? who are less vaccinated compared to children in higher wealth quintiles.®

However, successful routine vaccination is needed to assure sufficient reduction of susceptible individuals
8
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in the population. Caregivers, religious leaders, and healthcare personnel in Guinea understand the need
for and benefits of vaccines, but lack of knowledge about vaccines is a concern for caregivers, and
community health workers do not always have the appropriate knowledge, attitude, and skills to serve the
communities they seek to vaccinate.*® The higher CFR noted in Kindia HD (4.9%) compared to Guinea
overall (0.5%)—all fatalities among children 1-5 years of age—is concerning, and requires further

investigation to explain.

In countries with high birth rates and low vaccination coverage, children as young as 6 months are
targeted in mass vaccination campaigns, as was the case during the 2017 ORV campaigns in Guinea.
Vaccination of children 6-8 months of age in settings of low vaccination coverage may help prevent
transmission in this vulnerable age group* as well as provide a survival advantage.**® Nearly one-tenth
(8.8%) of the 2017 measles cases were under 9 months of age, and 72.9% of cases < 9 months were
between 6-8 months of age. Vaccination status was available for 329 (87.5%) infants ages 6-8 months,
with 36 (10.9%) were reported as vaccinated with at least one dose of MCV. Seroconversion from
vaccination at 6-8 months ranges from 30-90%, but reduced vaccine efficacy due to early MCV1
administration can largely be ameliorated with administration of additional doses.**’ Vaccination of
women of childbearing age with no previous history of disease or vaccination and other susceptible
individuals expected to have contact with an infant can also contribute to the protection of children too
young to be vaccinated.*®

Investigation into factors behind the persistence of measles transmission and low MCV coverage in
Guinea indicated that one quarter(25.4%) of caregivers surveyed experienced a failed attempt to
vaccinate their children. In some cases, there was a shortage of healthcare personnel or vaccine at the time
they attempted to vaccinate. In other cases, concern about vaccine wastage led to missed opportunities for
vaccination.'® Vaccine effectiveness may also have been impacted by vaccine failure associated with

early administration age (and no follow-up dose) or problems with cold chain assurance.*

Persistence of measles transmission is also highly influenced by surveillance system strength, as early
detection of outbreaks and implementation of response activities may diminish the growth of an outbreak,
as was suspected to have been the case in N’Zoo during the 2015 measles outbreak in Lola HD.*® On the
other hand, a weak surveillance system and low involvement by private health facilities, as was the
general situation in post-EVD epidemic Guinea, likely resulted in underreporting of measles cases during
the 2017 outbreak. Such suspected underreporting is a limitation of this study, which depends on cases

being reported, and as a result the expected number of cases and R; reported here may be underestimates.
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Moreover, imputation of date of illness onset for 11.1% of cases may have affected our results if cases
were assigned to the wrong time period.

Another limitation of this study is that it uses only ORV campaign timing to assess impact on R; and does
not include data from any smaller, localized public health interventions that may have occurred as such
data were not available. This may be reflected in that the lowest AIC score was obtained for the model
that used start-of-campaign rather than end-of-buffer-period cutpoints for estimation of R; (Table 2), even
though the latter is more sensible epidemiologically.?*? The result may indicate that implementation of
localized response activities and reduction in the pool of susceptible individuals due to infection, as well
as the change in epidemiologic linkage criteria in March, induced some level of decline in R; independent
of the ORV campaigns (Table 2), though disentanglement of these factors is beyond the scope of this
study.

Furthermore, although presentation of the growth rate r by ORV campaign-targeted area (Table 3)
provides some insight into area-specific dynamics, assumptions about transmission cannot be drawn
directly from the growth rate estimates. The model presented here assumes a homogenously mixing
population and did not account for geographic- or age-related heterogeneity that may provide further
insight into the outbreak dynamics. Nonetheless, our results provide a unique overview of the relationship
between R; and ORV campaigns at the national fevel in Guinea in 2017, and offer insight into practical
application of the renewal equation model, which is highly adaptable and readily modified to other

settings or diseases, such as cholera or diphtheria outbreaks.*

Our results demonstrate that R; was reduced to and maintained < 1 following implementation of the ORV
campaigns, however measles transmission remains a persistent issue in Guinea due to low population
levels of immunity. Timing of ORV campaigns is one key to minimizing the number of severe measles
cases and deaths,” and calculation of R, from case count data using simple modeling methods can help
decision makers and those in the field understand the progress of an outbreak™® and guide them on the
timing type of vaccination efforts needed.
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Table 1: Descriptive characteristics of measles cases by age group and vaccination status during a

nationwide outbreak in Guinea, 2017

Vaccination status, cases > 9 months

Journal Pre-proof

Characteristic Cases < Cases 2 N i i
9 months® 9 months ot previously ~ Previously Unknown
vaccinated vaccinated
Number of cases® (%) 516 (100) 5,356 (100) 3,997 (100) 747 (100) 612 (100)
Age in years (%)
<1 516 (100) 410 (7.7) 291 (7.3) 74 (9.9) 45 (7.4)
1-4 — 3,426 (64.0) 2,609 (65.3) 428 (57.3) 389 (63.6)
5-9 — 1,068 (19.9) 752 (18.8) 193 (25.8) 123 (20.0)
10-14 — 262 (4.9) 197 (4.9) 31(4.1) 34 (5.6)
>15 — 190 (3.5) 148 (3.7) 21 (2.8) 21 (3.4)
Sex (%)
Female 233 (45.2) 2,559 (47.8) 1,922 (48.1) 356 (47.7) 281 (45.9)
Male 278 (53.8) 2,791 (52.1) 2,071 (51.8) 390 (52.2) 330 (53.9)
Unknown 5(1.0) 6 (0.1) 4 (0.1) 1(0.1) 1(0.2)
Case classification (%0)
Laboratory confirmed 11 (2.1) 247 (4.6) 184 (4.6) 59 (7.9) 4 (0.7)
Epidemiologically linked 430 (83.3) 4,242 (79.2) 3,194 (79.9) 479 (64.1) 569 (93.0)
Clinically compatible 75 (14.6) 867 (16.2) 619 (15.5) 209 (28.0) 39(6.3)
Vital status (%0)
Alive 466 (90.3) 4,676 (87.3) 3,497 (87.5) 652 (87.3) 527 (86.1)
Deceased 1(0.2) 28 (0.5) 26 (0.7) 1(0.1) 1(0.2)
Unknown 49 (9.5) 652 (12.2) 474 (11.9) 94 (12.6) 84 (13.7)
Region of residence (%)
Bokeé 11 (2.1) 298 (5.6) 196 (4.9) 100 (13.4) 2(0.3)
Conakry 230 (44.6) 1,864 (34.8) 1,421(35.6) 164 (22.0) 279 (45.6)
Faranah 15 (2.9) 181 (3.4) 116 (2.9) 43 (5.8) 22 (3.6)
Kankan 30 (5.8) 256 (4.8) 211 (5.3) 44 (5.9) 1(0.2)
Kindia 112(21.7) 1,148 (21.4) 1,096 (27.4) 46 (6.2) 6 (1.0)
Labé 1(0.2) 51 (1.0 29 (0.7) 19 (2.5) 3(0.5)
Mamou 14 (2.7) 97 (1.8) 51 (1.3) 36 (4.8) 10 (1.6)
N’Zérékoré 103 (20.0) 1,461 (27.3) 877 (21.9) 295 (39.4) 289 (47.2)

# Routine measles vaccination in Guinea is recommended at 9 months. Cases < 9 months are not expected
to be vaccinated, although some children may have received measles vaccine during mass vaccination
campaigns, which target children as young as 6 months.
® Only includes cases for whom age was available (missing: n=60).
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Table 2: The effective reproduction number of measles based on the timings of three outbreak
response vaccination (ORV) campaigns in Guinea, 2017

Effective reproduction number (95% CI)

Timing k? Before ORV Campaign 1° Campaign 2° Campaign 3° AIC?

Two | 1.60 (L55-1.67) 0.76 (0.74-0.79) 2564
f;ar‘;;;’ifgn Three | 1.60 (1.55-1.67) 0.75 (0.71-0.79) 0.77 (0.73-0.80) | 2566

Four | 1.60 (155-1.67) 0.75(0.71-0.79) 0.91(0.84-0.98) 0.71(0.68-0.75) | 2545
Endof  Two |1.23(1.19-1.27) 0.79 (0.76-0.82) 3060
buffer  Three | 1.23 (1.19-1.27) 0.89 (0.84-0.94) 0.71 (0.68-0.75) | 3031
period®  Four | 1.23(1.19-1.27) 0.89 (0.84-0.94) 0.69 (0.63-0.76) 0.72 (0.68-0.77) | 3033

? Akaike information criterion (AIC) were calculated as 2k-2In(L), where -In(L) is the minimized value of

the negative log likelihood and k represents the number of parameters—in this case, the number of

estimates of the effective reproduction number.
® Campaign 1: N’Zerekore health district (HD); Campaign 2: Conakry HDs; Campaign 3: Boffa, Boké,
Coyah, Dalaba, Dinguiraye, Dubréka, Faranah, Forécariah, Fria, Gaoual, Gueckédou, Kankan, Kindia,

Kissidougou, Kouroussa, Macenta, Mamou, Mandiana, Pita, Siguiri, Télimélé, and Yomou HDs.

The end of buffer period is defined as two weeks from the start date of a given ORV campaign.

18



Journal Pre-proof

Table 3: Growth rate of the measles outbreak by time period and outbreak response vaccination
(ORV) campaign targeted area in Guinea, 2017

ORV campaign targeted area’

. Nationwide” Campaign 1 Campaign 2 Campaign 3
Parameter
(95% CI) (95% CI) (95% CI) (95% CI)
a 8.96 (7.40, 10.70) 2.37(1.84, 2.98) 3.86 (2.73,5.21) 2.62 (1.94, 3.42)
rl 0.03 (0.03, 0.04) 0.04 (0.04, 0.05) 0.03 (0.03, 0.04) 0.03 (0.03, 0.04)
r2 -0.04 (-0.05, -0.04) -0.14 (-0.17,-0.12) -0.02 (-0.03,-0.01) -0.01 (-0.02, -0.01)
r3 0.02 (-0.004, 0.03)  -0.10 (-0.54, 0.34)"  -0.02 (-0.05, 0.002) 0.03 (0.02, 0.05)
r4 -0.05 (-0.06,0.03)  -0.03 (-0.37,0.31)"  -0.04 (-0.06, -0.03)  -0.05 (-0.06, -0.05)

®The parameter a is the initial number of cases while r denotes the growth rate over the four time periods.
The parameter rl corresponds to the time period prior to the outbreak response vaccination (ORV)
campaigns, r2 covers the time period following ORV campaign 1 and before campaign 2, r3 describes the
time period after ORV campaign 2 and before campaign 3, while r4 indicates the time period following
implementation of all three ORV campaigns. CI: confidence interval.

® Nationwide: all HDs, including ten that were not targeted in any of the ORV campaigns (Beyla, Dabola,
Kérouané, Koubia, Koundara, Labé, Lélouma, Lola, Mali, and Tougué HDs)

¢ Campaign 1: N°Zérékoré health district (HD); Campaign 2: Conakry HDs; Campaign 3: Boffa, Boké,
Coyah, Dalaba, Dinguiraye, Dubréka, Faranah, Forécariah, Fria, Gaoual, Gueckédou, Kankan, Kindia,
Kissidougou, Kouroussa, Macenta, Mamou, Mandiana, Pita, Siguiri, Télimélé, and Yomou HDs.

¢ Due to the low number of cases, an asymptotic confidence interval is presented.
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Figure 1: Reported measles cases in nationwide outbreak by age at illness onset, Guinea, 2017
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((Editorial note: color not needed))
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Figure 2: Measles outbreak cases and effective reproduction number, Guinea, 2017
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The outbreak response vaccination (ORV) campaigns took place across 28 of 38 health districts (HDs)
during (1) March 13-19 (N’Zérékoré HD), (2) April 7-15 (Conakry HDs), and (3) April 21-May 1 (Boffa,
Boké, Coyah, Dalaba, Dinguiraye, Dubréka, Faranah, Forécariah, Fria, Gaoual, Gueckédou, Kankan,
Kindia, Kissidougou, Kouroussa, Mamou, Mandiana, Macenta, Pita, Siguiri, Télimélé, and Yomou HDs).
There was a change to the outbreak case definition criteria for epidemiological linkage (epi-link) criteria
beginning in week 12, after which geographic linkage of new cases was restricted to cases with onset less
than one incubation period apart from another confirmed cases within the same village (for weeks 1-11
geographic linkage was delimited by HD). R; values were calculated using ORV campaign start dates as
cutpoints.

((Editorial note: Color not needed, but it would look best with color))
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