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Summary
Background Measles outbreaks increased worldwide during 2017-19. The largest outbreak in the World Health
Organisation Western Pacific region occurred in the Philippines where first-dose measles-containing vaccine
(MCV1) coverage had reduced to 75% in 2018. The aim of this study was to summarise paediatric measles admis-
sions to the national infectious diseases referral hospital in Manila during 2016 to 2019.

Methods A retrospective single-centre observational study including 5,562 children aged under five years admitted
with measles from January 2016 to December 2019. We summarised sociodemographic and clinical characteristics,
vaccine status, reported exposures, and outcomes. Univariable and multivariable logistic regression analyses were
undertaken to assess associations between different characteristics of hospitalised children and death.

Findings The median age of children hospitalised with measles was 11 months (interquartile range: 7-28). 84¢5% of
cases were reported not to have received any MCV. The risk of mortality was 3¢2%, with 41% of deaths occurring
among children aged less than 9 months. No children died who had received two MCV. The following characteristics
were significantly associated with mortality in the multivariable analysis: age group, residence outside of the national
capital region, not having received any MCV, duration between onset of fever and hospital admission of 7-14 days
compared with 0-3 days, not receiving vitamin A supplementation, having pneumonia, and gastroenteritis.

Interpretation The Philippines remains at risk of future measles epidemics. Routine immunization needs to be
strengthened and earlier timing of MCV1 requires further evaluation to reduce measles incidence and mortality.

Copyright � 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction
Measles is a highly contagious viral disease that has
been responsible for the death or disability of millions
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of children.1,2 Measles incidence and mortality has
declined over the past century due to improved nutri-
tion, socioeconomic status, healthcare, and the intro-
duction of a safe, cost-effective vaccine in the 1960’s.
Annual incidence declined from around 4 million in
1981 to less than 150,000 in 2016 leading to renewed
interest in global eradication.3 However, global measles
immunisation coverage has been stagnant for a decade
1

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:christopher.smith@lshtm.ac.uk
https://doi.org/10.1016/j.lanwpc.2021.100334
https://doi.org/10.1016/j.lanwpc.2021.100334


Research in context

Evidence before this study

Measles outbreaks increased worldwide through 2017-
19. The largest outbreak in the World Health Organisa-
tion (WHO) Western Pacific Region occurred in the Phil-
ippines during 2018-19. The number of confirmed and
compatible measles cases, deaths, and vaccination cov-
erage in the Philippines has been reported by the WHO,
and a situation analysis of the outbreak by the Interna-
tional Federation of Red Cross and Red Crescent Socie-
ties. We searched and PubMed for articles describing
the 2018-19 measles outbreak in the Philippines pub-
lished from 2017-2021, using the search terms “Mea-
sles” and “Philippines” (most recent search conducted
on 27 August, 2021). Of the 31 articles, none analysed
sociodemographic and clinical data of individuals with
measles during the 2018-19 outbreak in the Philippines.

Added value of this study

We summarised sociodemographic and clinical character-
istics amongst more than 5,000 children hospitalised with
measles during 2016-19 in an infectious diseases hospital
in Manila. We were able to describe measles cases accord-
ing to timing of admission, age, sex, residence, reported
place of exposure, vaccination status, reported barriers to
non-vaccination, timing of onset of fever and rash, symp-
toms, complications, Vitamin A treatment, and outcome.
We analysed associations with death. Thus this analysis
was more detailed than what could have been undertaken
using existing published data.

Implications of all the available evidence

To our knowledge, this analysis includes the largest
number of individuals with measles in the Philippines
(7¢7% of the 72,496 reported cases in the Philippines
during 2016-19). This was a significant measles outbreak
that resulted in the unnecessary deaths of 178 children
in this hospital alone (risk of mortality 3¢2%, compared
with 2¢6% reported nationally in 2019). Our analysis
highlights the importance of Vitamin A in the treatment
of measles.

In our analysis, no deaths occurred in children who
were fully vaccinated. The WHO reported that coverage
of the first dose of measles-containing vaccine (MCV1)
in the Philippines declined to 72% in 2020. Routine
immunization needs to be strengthened to prevent fur-
ther outbreaks. Further research should be undertaken
to identify the health system and cultural factors associ-
ated with vaccination hesitancy in the Philippines.

Our analysis showed that 41% of deaths occurred in
children aged less than nine months; with 23% occur-
ring between 6 and 9 months. MCV1 first dose is not
routinely given before nine months. We draw attention
to one of the few previous trials of earlier vaccination
and recommend that the measles vaccine schedule in
low- and middle-income countries where maternal anti-
body levels may be low is re-evaluated.
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at around 86% for first-dose Measles Containing Vac-
cine (MCV1) and less than 70% for MCV2, below the
95% recommended by the World Health Organization
(WHO) to achieve herd immunity and insufficient to
prevent outbreaks.4

Epidemic cycles of 2-5 years result from accumula-
tion of susceptible individuals over successive birth
cohorts and subsequent decline following outbreaks.
Irregular and large outbreaks can occur in the tropics
and regions with high birth rates.3 Through 2017-19,
measles outbreaks increased worldwide, culminating in
more than 800,000 cases being reported to the WHO
in 2019, the majority in Africa associated with large out-
breaks in Madagascar and the Democratic Republic of
the Congo.5

The largest outbreak in the WHO Western Pacific
region occurred in the Philippines, with reported cases
increasing from 2,428 in 2017 to 20,827 in 2018, and
48,525 in 2019.6 Outbreak clusters were first reported
in the southern Island of Mindanao in September 2017,
followed by the National Capital Region (NCR). A mea-
sles outbreak was declared in five regions, including the
NCR, in February 2018.7 In the following weeks, out-
breaks reached 17 regions. Supplemental Immunisation
Activity (SIA) campaigns were conducted in NCR and
Mindanao (Phase 1) and in the Visayas and Luzon
(Phase 2) during 2018, and in all regions during 2019,
targeting children aged 6-59 months as well as older
children. At the peak of the epidemic, measles care
units were established to support overcrowded hospi-
tals. Reported cases declined over several months to
pre-epidemic levels by July 2019. Pockets of measles
outbreaks were reported and 3,832 cases in 2020, with
preliminary reports of 123 cases during January to June,
2021.8

Measles vaccination coverage in the Philippines was
in decline prior to the 2018-19 outbreak. The measles
vaccine was introduced in the Philippines in 1983, with
a second dose added to the schedule in 2009. MCV1 is
offered to children at 9 months and MCV2 at 12-15
months, combined mumps, and rubella.9 MCV1 cover-
age peaked at 92% from 2004 to 2008 but gradually
declined over the following decade to 80% in 2016 and
75% in 2018.10 Measles outbreaks occurred in 2010-11
and 2013.9,11 The ‘Dengvaxia’ controversy in late 2017
has been cited as a contributing factor to the further
decline of MCV1 coverage in 2018.12

In this study we analyse epidemiological and clinical
data from San Lazaro Hospital (SLH), the national
infectious diseases referral hospital serving a densely
populated low-income population in Manila, the Philip-
pines where more than 5,000 children were hospital-
ised with measles from 1 January 2016 to 31 December
2019. The aim of this study was to summarise the out-
break in Manila, and consider implications for the Phil-
ippines and the wider region.
www.thelancet.com Vol xx Month xx, 2021
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Methods

Study design and participants
We conducted a retrospective single-centre observa-
tional study including all children aged under five years
admitted with measles at SLH from January 2016 to
December 2019. During this time, individuals with sus-
pected measles were admitted to SLH, in addition to
other hospitals in the region. Admitted children
included either self-referrals (walk-in patients) or refer-
rals from other health facilities.

The study was approved by the SLH research ethics
and review unit (Ref: SLH-RERU-2020-010-E Ver 2)
and the School of Tropical Medicine and Global Health,
Nagasaki University ethical committee (Ref:
NU_TMGH_2020-106-0). This was a retrospective
analysis of routinely collected anonymised data thus
patient or caregiver consent was not required.
Procedures
We obtained data from Philippine Integrated Disease
Surveillance and Response Case Investigation Forms
(CIF) completed by the clinical teams submitted to the
SLH Epidemiology department. CIF forms were com-
pleted for individuals fulfilling the clinical case defini-
tion for suspected measles, namely a fever (38̄C or
more), maculopapular rash (non-vesicular), and at least
one of either cough, coryza or conjunctivitis, as per the
WHO-recommended surveillance standard.13 The CIF
collected information on the date of admission, measles
vaccination status according to the report of the care-
giver or the vaccination card (if available), barriers to
vaccination and likely place of exposure according to the
caregiver report, socio-demographic, clinical characteris-
tics, whether Vitamin A was given during the current ill-
ness, and outcome. Data was not available on
characteristics of the rash, nutrition status, routine Vita-
min A supplementation, the overall vaccine status of
cases, or whether the case was a likely primary or sec-
ondary household case. Selected data were extracted to
create an anonymised dataset.
Statistical analysis
Univariable and multivariable Firth (penalised likeli-
hood) logistic regression analyses were undertaken to
assess associations between different characteristics of
hospitalised children and death (outcome). Odds ratios
(ORs) were calculated with a 95% confidence interval
(CI), and a p-value 0 0.05 was considered statistically
significant. Additionally, a matrix summarising the
association between all pairs of variables was produced
and this, combined with prior knowledge of substantive
science, informed the selection of variables to include in
the model. Age group, sex (as known confounders), at
least one dose of MCV, residency of Manila, Vitamin A
supplementation and duration of fever before
www.thelancet.com Vol xx Month xx, 2021
admission (as significantly associated to mortality) were
initially included in the model to assess the background
risk factors for morbidity. Clinical diagnosis of pneumo-
nia, neurological symptoms and gastroenteritis were
included in a second more comprehensive model (see
Supplementary Material) after checking that their asso-
ciation with other model covariates would not confound
the other variables’ relationship with mortality.
Endemic season was removed from both multivariable
models as identified to be on the causal pathway from
vaccination to mortality. Although the number of uni-
variable tests was large, we did not formally apply a cor-
rection for multiple testing because the variable
selection strategy for the multivariable model was only
partly based on p-values. For more detail of selection of
variables, please refer to the Supplementary Material.
Stata IC 16¢1 was used for the main analyses.14 QGIS
software was used for mapping and distance calculation
(QGIS 3¢14).15
Role of the funding source
The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or the
writing of the report. The corresponding author had full
access to all the data in the study and had final responsi-
bility for the decision to submit for publication.
Results
5,562 children aged under 5 years fulfilling a clinical
case definition for measles admitted to SLH between 1
Jan 2016 and 31 Dec 2019 were included in this study.

Figure 1 shows measles cases by month of rash onset
in the WHO Western Pacific Region, numbers of chil-
dren admitted to SLH per week, and the approximate
residence of hospitalised children during the study
period. The 2018-19 epidemic in the Western Pacific
region peaked in February 2019, dominated by measles
cases in the Philippines. This corresponded to the trend
of admissions to SLH, with low levels of admissions
through 2016-17, increasing numbers through 2018,
peaking at over 300 cases per week during two weeks in
February 2019, then decreasing to pre-epidemic levels
by July 2019. Trends of increasing cases being admitted
to SLH from outside of the National Capital Region
(NCR) can be observed during 2018 and 2019.

Table 1 describes the demographic and clinical char-
acteristics of the 5,562 children hospitalised with mea-
sles. The majority of admissions (5,206 [94%]) were
during the period of the epidemic between February
2018 and July 2019. Just over half were male (55%). The
median age was 11 months (interquartile range [IQR]: 7
to 28); 51% were aged less than one year, 19% aged 1-
2 years, 12% 2-3 years, and 17% aged more than three
years. The majority of hospitalised children (88%) were
3



Figure 1. Trends in measles cases in the Western Pacific Region, San Lazaro Hospital (SLH), Manila, the Philippines, 2016-
2019 (a) Distribution of hospitalized measles cases admitted to SLH by location (b) Epidemic curve of the hospitalized measles cases
at SLH Manila by week of admission, and (c) Time-series of reported confirmed and compatible measles cases in the Western Pacific
Region by month of rash onset, 2016-2019 (adapted from: WHO Measles-Rubella Bulletin 8)
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from the NCR and lived within 10 kilometres of the hos-
pital.

The majority of children (84.5%) were reported not
to have received any measles vaccination, 6¢7% one
dose (MCV1), 0¢15% two doses (MCV2), with vaccina-
tion but number of doses unknown in 8¢7%. Amongst
children aged over nine months, 22% had received one
or more measles vaccination. Aside from children who
were reported to have been age-ineligible, many reasons
were cited as barriers to vaccination, the most common
being ‘child was sick’ (17%) and ‘mother/caregiver was
unavailable’ (17%). Place of residence was the most
www.thelancet.com Vol xx Month xx, 2021



Characteristics (N = 5,562) N (%)

Year of admission

2016 87 (1¢6%)

2017 116 (2¢1%)

2018 2,062 (37¢1%)

2019 3,297 (59¢3%)

Admission timing

Non-epidemic 356 (6.4%)

Epidemic (Feb 2018-July 2019) 5,206 (93¢6%)

Sex

Male 3,062 (55%)

Female 2,500 (45%)

Age in months (median, IQR) 11 (7-28)

Age group, in months

< 3 94 (1¢7%)

3-5 715 (12¢9%)

6-8 1,280 (23%)

9-11 765 (13¢8%)

12-23 1,066 (19¢1%)

24-35 670 (12¢1%)

36-47 564 (10¢1%)

48-59 408 (7¢3%)

Region of residence (N = 5,376)

NCR 4,706 (87¢5%)

Calabarzon 669 (12¢4%)

Mimaropa 1 (0¢0%)

Distance from the hospital (km)

<5 2,423 (43¢6%)

5-10 1,244 (22¢4%)

11-20 1,283(23.1%)

≥21 612 (11.0%)

Place of exposure according to caregiver report

Residence 3,142 (58¢8%)

Health care facility 240 (4¢5%)

Child care facility 17 (0¢3%)

Other 589 (10¢0%)

Unknown 1,357 (25¢4%)

Vaccination status (all age, N = 5,447)

Not vaccinated 4,600 (84¢5%)

Vaccinated 1 dose 364 (6¢7%)

Vaccinated 2 doses 8 (0¢15%)

Vaccinated (number of doses unknown) 475 (8¢7%)

Vaccine status (aged over 9 months, N = 3,372)

Not vaccinated 2,643 (78.4%)

Vaccinated (≥ 1 dose) 729 (21.6%)

Age at time of first measles vaccination (N = 847)

< 9 months 67 (7.9%)

> 9 months 143 (16.9%)

Unknown 637 (75.2%)

Reported barriers to vaccination (N = 4,739)

Age-ineligible 1,810 (38¢2%)

No vaccine available 58 (1¢2%)

No vaccinator present 15 (0¢3%)

Medical contraindication 6 (0¢1%)

Child was sick 827 (17¢4%)

Table 1 (Continued)

Characteristics (N = 5,562) N (%)

Moved residence 230 (4¢8%)

Mother/caregiver was unavailable 814 (17¢2%)

Against belief 20 (0¢4%)

Fear of side effects 73 (1¢5%)

Missed schedule 156 (3¢3%)

Other reasonsz 82 (1¢7%)

Dengvaxia scare 25 (0¢5%)

Difficult access to health care centre 21 (0¢4%)

Lost vaccination record 32 (0¢7%)

Uninformed/unaware 4 (0¢1%)

Unrecalled/unknown 648 (13¢7%)

Clinical information

Cough 5,469 (98¢3%)

Coryza 4,489 (80¢7%)

Conjunctivitis 2,583 (46¢5%)

Koplik’s spots 1,339 (25¢8%)

Pneumonia{ 3,764 (67¢7%)

Neurological complications 15 (0¢3%)

Gastroenteritis{ 209 (3¢8%)

Upper respiratory tract infection 4 (0¢1%)

Dehydration 3 (0¢1%)

Duration between fever onset and admission (days)

0-3 2,071 (37¢5%)

4-6 2,746 (49¢7%)

7-14 676 (12¢2%)

>14 35 (0¢63%)

Duration between rash onset and admission (days)

0-3 4,757 (87%)

4-6 580 (10¢6%)

7-14 112 (2¢1%)

>14 16 (0¢3%)

Vitamin A supplementation (N = 5,037)

Received during current illness 4,269 (84¢8%)

Outcome

Discharged 5,384 (96¢8%)

Died 178 (3¢2%)

Table 1: Demographic and clinical characteristics of children
hospitalised with measles
Data are n (%) or median (IQR). Subcategory totals do not add up to 5,562

where there was missing data.
z No further information was available on data recorded as ‘other’ on

the case investigation form.
{ Data were not available on pathogens causing pneumonia or

gastroenteritis.
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commonly reported site of probable exposure to measles
(59%).

Classical symptoms of cough, coryza, and conjuncti-
vitis (the “3 Cs”) were reported in most cases: 98% for
cough, 81% for coryza, and 47% for conjunctivitis,
respectively. Koplik’s spots were reported in 26% of
cases. The time between onset of fever and rash to hos-
pital admission were reported to be less than one week
in 87% and 98%, respectively. Complications were
5



Total n Died n (%) Crude OR P-value Adjusted OR* P-value

Age group (months)

<3 94 2 (2.1) 1.07 (0.29-3.90) 0.919 1.23 (0.33-4.65) 0.758

3 − 5 715 31 (4.3) 1.82 (1.13-2.93) 0.013 1.68 (0.99-2.85) 0.055

6 − 8 1,280 40 (3.1) 1.29 (0.83-2.01) 0.256 1.34 (0.82-2.17) 0.243

9 − 11 765 21 (2.7) 1.14 (0.67-1.94) 0.622 1.13 (0.62-2.04) 0.695

12 − 24 1,066 44 (4.1) 1.72 (1.12-2.66) 0.014 1.49 (0.91-2.44) 0.116

> 24 1,642 40 (2.4) Ref Ref

0.890 0.004

Sex

Male 3,062 100 (3.3) Ref Ref

Female 2,500 78 (3.1) 0.96 (0.71-1.29) 0.765 0.95 (0.68-1.32) 0.738

Region of residence

In NCR 4,706 140 (3) Ref Ref

Outside NCR 670 30 (4.5) 1.55 (1.04-2.31) 0.032 1.61 (1.05-2.48) 0.030

Admission timing

Non-epidemic 356 3 (0.8) Ref

Epidemic 5,206 175 (3.4) 3.52 (1.22-10.20) 0.020 ...

Vaccine status

Vaccinated (≥ 1 dose) 847 16 (1.9)y Ref Ref

Non-vaccinated 4,600 154 (3.3) 1.75 (1.05-2.93) 0.032 1.86 (1.04-3.33) 0.036

Duration between fever onset and admission (days)

0-3d 2,071 48 (239) Ref Ref

4-6d 2,746 91 (3.3) 1.44 (1.01-2.05) 0.044 1.46 (0.99-2.16) 0.058

7-14d 676 37 (5.5) 2.45 (1.58-3.78) <0.001 2.38 (1.47-3.86) <0.001

>14d 35 1 (2.9) 1.81 (0.35-9.53) 0.482 0.64 (0.04-10.69) 0.753

0.001 <0.001

Duration between rash onset and admission (days)

0-3d 4,757 136 (2.9) Ref

4-6d 580 30 (5.2) 1.88 (1.25-2.81) 0.002 ...

7-14d 112 11 (9.8) 3.84 (2.04-7.23) <0.001 ...

>14d 16 0 (0) 1.03 (0.06-17.19) 0.986 ...

<0.001 ...

Vitamin A supplementation

Not received 768 41 (5.3) 1.96 (1.37-2.82) <0.001 1.93 (1.31-2.85) 0.001

Clinical information

Cough 5,469 178 (3.3) 6.31 (0.39-102.03) 0.195 ...

Coryza 4,489 141 (3.1) 0.90 (0.62-1.30) 0.571 ...

Conjunctivitis 2,583 77 (3) 0.88 (0.65-1.18) 0.389 ...

Koplik’s spot 1,339 37 (2.8) 0.80 (0.55-1.16) 0.234 ...

Pneumonia{ 3,764 147 (3.9) 2.29 (1.55-3.38) <0.001 2.40 (1.56-3.69) <0.001

Neurological 15 2 (13.3) 5.64 (1.45-21.91) 0.013 1.79 (0.27-12.04) 0.549

Gastroenteritis{ 209 15 (7.2) 2.53 (1.47-4.34) 0.001 3.61 (2.00-6.51) <0.001

Table 2: Associations with mortality
OR = odds ratio.

* Adjusted for age, vaccine status, gender, location, duration of fever, vitamin A supplementation, pneumonia, gastroenteritis, and neurological symptoms.

Individual and overall p-values are presented for categorical variables
{ Data were not available on pathogens causing pneumonia or gastroenteritis yNone of the 8 children who received 2 doses of vaccine died.
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reported in the majority of children, most commonly
pneumonia (68%) and gastroenteritis (4%). Neurologi-
cal complications were reported in 15 (0¢3%) children.
85% of children received Vitamin A during their current
illness. 178 (3¢2%) children died and 5,384 (96¢8%)
were discharged.
Table 2 shows associations between socio-demo-
graphic and clinical characteristics and death. The fol-
lowing characteristics were significantly associated with
mortality in the univariable analysis: residence outside
of the NCR, admission during the period of the epi-
demic, not having received any MCV, not receiving
www.thelancet.com Vol xx Month xx, 2021
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vitamin A supplementation, duration between onset of
fever or duration between onset of rash and hospital
admission, pneumonia, neurological complications,
and gastroenteritis. No child died who had received two
doses of MCV. Children with the following risk factors
had significantly higher odds of mortality in the multi-
variable analysis: residence outside of the NCR
(adjusted OR [AOR] 1¢61, 95% CI 1¢05-2¢48), not having
received any MCV (AOR 1¢86, 95% CI 1¢04-3¢33), dura-
tion between onset of fever and hospital admission of 7-
14 days compared with 0-3 days (AOR 2¢38, 95% CI
1¢47-3¢86), not receiving vitamin A supplementation
(AOR 1¢93, 95% CI 1¢31-2¢85), pneumonia (AOR 2¢40,
95% CI 1¢56-3¢69), and gastroenteritis (AOR 3¢61, 95%
CI 2¢00-6¢51). The association between age group and
mortality had overall significance (p=0.004 by likeli-
hood ratio test), but not within an individual category.
The association between neurological complications in
the univariable analysis did not remain statistically sig-
nificant in the multivariable analysis. Sex, or the pres-
ence of cough, coryza, conjunctivitis, or Koplik’s spots
were not significantly associated with mortality in the
uni- or multivariable analyses.
Discussion
In this study we describe the epidemiological and clini-
cal characteristics of more than 5,000 children hospital-
ized with measles in Manila, the majority during the
2018-19 epidemic in the Philippines. To our knowledge,
this analysis includes the largest number of individuals
affected by the epidemic in the Philippines, represent-
ing around 7¢7% of the 72,496 reported measles cases
in the Philippines during 2016-19.6 The epidemic curve
of admitted cases in our study has a similar pattern to
that of the country and western pacific region, suggest-
ing that our study population is temporally representa-
tive of the wider epidemic. The majority of hospitalised
children lived within 10 km of the hospital, situated in
the high-density urban slum area of Tondo. Eighty-five
percent (85%) had not received any MCV according to
the caregiver report or immunisation card. More than
half of cases in our study reported residence as the likely
place of infection exposure, suggesting secondary cases.
Crowded conditions and high population densities are
known risk factors for the disease's occurrence and
spread.3,16 NCR is the densest region in the Philippines
with a population of 20,785 per square kilometre, 17 and
has been repeatedly cited as a hotspot of previous epi-
demics in the country.18 Children living further away
admitted during the epidemic likely represent referrals
from other hospitals due to complications. Our study
population therefore likely includes a higher proportion
of severe cases than the country average.

The median age of children was under 2 years, as
might be expected from an outbreak in a densely popu-
lated urban setting with high birth rates and low
www.thelancet.com Vol xx Month xx, 2021
vaccination coverage.3 Fifty-nine percent (59%) of 178
deaths were in children aged 9 months to 5 years. Rou-
tine immunisation needs to be strengthened in order to
increase MCV1 coverage and reduce cases and deaths in
this age group. The strategy is less clear for the 41%
deaths in children aged <9 months, before their sched-
uled MCV1. The relatively low proportion of children
aged 0-<3 months (2% of cases and 1% of deaths) sug-
gests passively-acquired maternal anti-measles IgG pro-
tection. This protection is known to be higher in infants
born to women with a history of wildtype measles infec-
tion compared with vaccine-induced immunity.19 Data
on prior maternal infection or vaccination status was
not available, but it is unlikely that many mothers would
have received both MCV1 and 2 in childhood given the
relatively recent introduction of MCV2 in 2009.9 Thir-
teen percent of cases and 17% of deaths were in children
aged between 3 and 5 months. Maternal antibodies
wane during the first 3-5 months of life, leaving children
susceptible to measles until receiving vaccination. The
measles vaccine is not normally given to this age group
due to the inhibitory effect of maternal antibodies and
immaturity of the immune system, resulting in lower
levels of protection.3 The optimal strategy to protect this
susceptible 3-5 month age group is to reduce their expo-
sure by achieving herd immunity in older children.
Children aged between 6-8 months accounted for 23%
of measles cases and 40 deaths. Some children aged
between 6 and 9 months would have received measles
vaccination through the SIA in 2018. These activities
need to be quick and effective in responding in the case
of future outbreaks. Measles vaccination at 4¢5 months
of age was effective in preventing serologically con-
firmed and definite clinical measles during an outbreak
in Guinea-Bissau in 2003-2004.20 Earlier timing of
MCV in low-income settings where maternal antibody
levels may be low requires further evaluation.

Children in this study presented with fever and rash
and the “3 C's” symptoms were frequently reported.
Pathognomonic Koplik spots were observed in 26% of
children, reflecting the fleeting nature of this sign.
Almost all children had a cough, reflecting the hospital-
ised study population. Most children had complications,
with pneumonia, the most common measles complica-
tion, reported in two-thirds of cases.3,21,22 Other compli-
cations were less commonly reported. No further
information was available on the pathogens causing
pneumonia or gastroenteritis, or the nature of the neu-
rological complications.

The risk of mortality amongst hospitalised children
in this study was 3¢2%, higher than the 2¢6% measles
mortality reported in the Philippines in 2019, but lower
than the 5% mortality reported in endemic areas of Sub-
Saharan Africa and Asia.3,7 There was an overall signifi-
cant effect of age in the multivariable analysis. Com-
pared to the older (reference) age group, the odds of
mortality were higher in the younger age groups,
7
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although not statistically significant, with the highest
odds among children between 3-5 months which could
be consistent with waning immunity.23 The odds of
death were increased during the epidemic period, which
may reflect more severe cases being admitted and chal-
lenges maintaining quality of care due to high numbers
of admissions. There were no statistically significant dif-
ferences in mortality by sex. The odds of death were
increased among children residing further away from
the hospital, likely reflecting referrals from other health-
care facilities due to complications. Delayed referral due
to distance from the hospital likely explains the
observed associations between increased duration of
fever and rash and death. The odds of death were higher
amongst children with complications of pneumonia or
gastroenteritis, as expected and consistent with other
studies.24,25 The odds of death were nearly two times
higher amongst the 15% of children that did not receive
Vitamin A supplementation during their current ill-
ness, highlighting the importance of this simple and
low-cost intervention.26,27 The odds of death were
almost two times higher amongst unvaccinated children
compared with children who had received one or more
doses of MCV with no deaths amongst those who had
received both doses. Vaccine-modified measles in chil-
dren with previous immunity following vaccination is
characterised by a milder illness.3,28

Reported barriers to vaccination in our study
included medical contraindication/fear of side-effects
and guardian occupation. Qualitative studies are better
suited to gain a deeper understanding of vaccine hesi-
tancy in the Philippines, particularly in populations
with immunity gaps where clusters have first emerged
previously. The “Dengvaxia controversy” in 2017
appears to have dented vaccine confidence, 29 but cover-
age had already been declining suggesting that a
broader examination to include is required. Further
research should be undertaken to identify the health
system and cultural factors associated with vaccination
in the Philippines to seek solutions to these problems.
Ongoing efforts are required to combat anti-vaccine
campaigns.

It is not a question of if, but when the next measles
epidemics will occur in the Philippines and in other
countries. Reported measles cases have reduced in
2020 and the first six months of 2020, 8 likely due to
COVID-19 social distancing measures, reduced domes-
tic and international travel, disturbance in surveillance
and reporting, and the phase of the measles epidemic
cycle. However, at the same time, the COVID-19 pan-
demic severely disrupted routine vaccination activities,
with estimates of more than 90 million children miss-
ing measles vaccine doses by October 2020, and reports
of a lost generation of children.2 MCV1 coverage in the
Philippines declined further to 72% in 2020.10 Increas-
ing numbers of unimmunised children susceptible to
measles create an environment for measles to return
when COVID-19 restrictions are relaxed. Repeated
occurrences of measles outbreaks in the Philippines
demonstrate the importance of re-evaluating measles
virus dynamics and prevention and control strategie-
s.30Actions are required to reach unimmunised children
through catch-up campaigns and to prepare for
expected outbreaks. Governments should not lose sight
of measles elimination targets as per the Measles and
Rubella Strategic Framework, 2021-2030.31

This study has some limitations. First, our study
population may not be representative of measles cases
in the Philippines as all individuals were hospitalised.
Second, all of the children in our study were clinically
diagnosed, not laboratory confirmed. It is therefore pos-
sible that some cases of diseases with similar presenta-
tions to measles such as dengue fever or rubella were
included in our study sample. However, the measles
case definition has high sensitivity and positive predic-
tive value in endemic settings, and laboratory confirma-
tion of a sub-sample of cases was being undertaken at
the Research Institute for Tropical Medicine (RITM) in
the Philippines.32 Datasets of laboratory confirmed
cases from LMICs of the size utilised in our study are
likely to be rare. Third, detailed data were lacking on the
nutritional, breastfeeding and overall vaccine status of
the children, number and timing of Vitamin A doses,
and number of measles-containing vaccinations in
some cases. The extent of recall bias affecting vaccina-
tion status data is unclear as the data source (vaccina-
tion card or caregiver report) was not recorded on the
CIF. Nevertheless, due to the systematic data recording
on the CIF, we were able to analyse a large population
of more than 5,000 measles cases with detailed clinical
information and other socio-demographic factors. Due
to underreporting, measles mortality estimates are
derived from models based on the number and age dis-
tribution of reported cases, measles vaccine coverage,
and age and country-specific case fatality ratios.3 This is
the first study showcasing the burden of measles in
recent years in the Philippines. Empirical data such as
presented in this study are important to inform these
models.

In conclusion, we report clinical and epidemiological
data from a large measles outbreak affecting mostly
unvaccinated children in the Philippines with a 3¢2%
case fatality rate. 41% of deaths were among children
aged less than 9 months. No children died who had
received two measles-containing vaccines (MCV). MCV1
coverage in the Philippines declined to 72% in 2020.
Routine immunization needs to be strengthened and
earlier timing of MCV1 requires further evaluation to
prevent further outbreaks.
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