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Background: Measles surged worldwide in 2019, which recorded the highest number of cases in the last 23 years. In the
Philippines, the peak of the outbreak occurred in January-February 2019.* Pneumonia was the most common severe complication
and cause of death of measles. Age, sex, area of residence, immunization history, nutrition status and presence of comorbidities
may contribute to the development of high-risk pneumonia in measles patients, affecting clinical outcomes.

Objective: This study aimed to determine predictive factors for high-risk pneumonia among hospitalized pediatric patients
with measles and clinical outcomes in San Lazaro Hospital from January 2019 to December 2019.

Methods: A cohort study was conducted through a review of medical records of pediatric patients with measles admitted at
San Lazaro Hospital from January 2019 to December 2019. The following data were extracted: demographic data, immunization
history, nutrition status, presence of comorbidities, development of high-risk pneumonia, and clinical outcomes were extracted.
Logistic regression was done to determine the factors associated with development of high-risk pneumonia.

Results: A total of 530 medical records were reviewed, and 27.9% of these documented severe pneumonia. Most of the patients
were less than 5 years of age (84.53%) and were residing in Metro Manila (85.47%). Majority (73.40%) had no vaccination
for measles. Chi-square test showed that the variables of age (p=0.001), measles vaccination status (p=0.011), BMI-for-age
(p=0.005), weight-for-age (p=0.027), and weight-for-height (p=0.004) were significantly different between those who
developed high-risk pneumoniaand those who did not. However, in the final multiple logistic regression analysis, only nutritional
status was predictive of high-risk pneumonia. Patients with severe wasting were 1.85 times (p=0.010) and patients who were
overweight were 4.24 times (p=0.003) more likely to develop high-risk pneumonia. There was also a significant difference in
clinical outcomes between those without high-risk and with high-risk pneumonia (p=<0.001). All mortality cases had high-risk
pneumonia, were less than 5 years of age, and were unvaccinated.

Conclusion: Age, measles vaccination status and nutrition status were the factors identified to be associated with high-risk
pneumonia among pediatric patients with measles. Thus, it isimportant to encourage parents to vaccinate their children against
measles and to promote proper nutrition.
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INTRODUCTION

Measles caused approximately 2.6 million deaths per year prior
to the introduction of measles vaccine in 1963. From 2000 to 2018,
measles vaccination prevented an estimated 23.2 million deaths.
While vaccination has drastically reduced global measles deaths — a
73% drop between 2000-2018 worldwide — measles is still common
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in many developing countries, particularly in parts of Africa and Asia.*
According to the Global Measles and Rubella Update published April
2020 by the WHO, the Philippines ranked third in both measles incidence
rate per million (284.15) in the past 12-month period and number of
reported measles cases (5168) in the past 6-month period.’ According
to the United Nations Children’s Fund (UNICEF), immunization coverage
in the country declined annually from 92 percent in 2007, to 73 percent
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in 2017. The reported coverage further decreased the following year
(2018) down to 67 percent.® This decline in immunization coverage
coincided with the occurrence of two major measles outbreaks in the
country in the past decade. The first one started on the second quarter
of 2013 and peaked in first quarter of 2014.7 The latest outhreak was
seen in 2019, wherein a total of 47,871 cases of measles were recorded,
compared to 20, 827 cases in 2018. The world concurrently saw a surge
in measles cases, recording 869, 770 cases, the highest number reported
in 23 years.

Measles death predominantly results from respiratory and
neurologic complications, that has occurred in 1 to 3 every 1000
cases reported. More likely to suffer from measles complications are
children younger than 5 years old, adults older than 20 years of age,
pregnant women and people with compromised immune systems,
such as leukemia or HIV infection.®® Perry and Halsey™ expounded on
the factors affecting morbidity and mortality rates of measles which
included sex, age, crowding, immunosuppression, malnutrition, and
Vitamin A deficiency.

Ylade" cited two studies: Nieburg and Dibley’s study that
identified overcrowding, exposure intensity, prior respiratory infection,
and intercurrent infection as factors affecting measles severity; and a
retrospective study by Samsi, et al.” that showed a model of variable
risk factors for developing severe measles involving malnutrition,
patient demographic composition, and socio-economic and socio-
cultural conditions including availability and utilization of health
facilities. According to Sindhu, et al.”, the number of infants with
measles complications was significantly high (88% and 65%; P = 0.05);
and infants can have atypical presentations and a greater risk for
complications.

There are few literatures locally published on risk factors for
pneumonia in measles. A cross-sectional study using surveillance data
from an outbreak in the Philippines from January 2013 to December
2014 was done wherein potential risk factors were identified in the
development of pneumonia among confirmed measles cases. The
potential risk factors were younger age (<5 years = OR 2.49, 95%
Cl: 1.81,3.42; 5-14 years = OR 2.34, 95% Cl: 1.64, 3.33); resident of
Mindanao (OR 2.18, 95% Cl: 1.74,2.74); presence of cough (OR 5.51,
95% Cl: 2.04, 14.86); presence of conjunctivitis (OR 1.31, 95% (I
1.11,1.55); and being admitted to hospital (OR 3.16, 95% Cl: 2.57,3.90).
Confirmed measles cases with receipt of measles containing vaccine
(MCV) (OR 0.74, 95% CI: 0.63,0.87) were found to be less likely to have
pneumonia.”” A hospital-based study also identified young age (RR
0.98, 95% (l: 0.97, 0.99, p-value <0.0001) and malnutrition — severe
stunting (RR0.53, 95% Cl: 0.12, 24.90, p-value 0.70) and severe wasting
(RR 1.87, 95% Cl: 0.71-4.92, p-value 0.20) -- as risk factors associated
with measles pneumonia.™

A recent outbreak calls for a reinforced recognition of the
development of very severe pneumonia among measles cases as this is
the most common cause of mortality. Determination of factors leading
to the development of very severe pneumonia is of significance to
patients and the community, aiding in improving favorable outcomes
during hospitalization and promote emphasis on measles vaccination
as well. This study will present information to physicians especially
in primary care to address identified predictive factors in cases of
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outbreaks. Addressing these can help physicians in the management
of cases to improve outcomes and limit complications. This study
can encourage new research with emphasis for eliminating measles
and diminishing the impact of fearmongering especially in the use of
vaccines.

This study aimed to determine the predictive factors for high-risk
pneumonia among hospitalized pediatric patients with measles and
their clinical outcomes.

MEeTHoDS

This was a retrospective cohort study to determine the predictive
factors and clinical outcomes for high-risk pneumonia among hospitalized
pediatric patients with measles in San Lazaro Hospital from January
2019 to December 2019. All monitoring data were stored in the patients’
respective medical records, and these were the main source of data for
this study. The association of demographic data, measles immunization
history, nutrition status and presence of comorbidities with development
of high-risk pneumonia and its clinical outcomes was determined.

Measles cases in the study were either clinically confirmed or
laboratory confirmed following the WHO-recommended surveillance
standard. Excluded from the study were those records with incomplete
information that barred determination of the predictive factors on
development of high-risk pneumonia in measles patients. Patients
admitted due to another condition but acquired measles while
hospitalized were also excluded.

The study utilized purposive sampling in selecting the records for
review in the study following the inclusion and exclusion criteria. The
total cohort of pediatric patients with measles from January 2019 to
December 2019 were obtained from the Epidemiology Department and
Health Information Management Department of the hospital. From the
registry, all clinical records of pediatric patients admitted for measles
were retrieved.

Review of records was done to acquire the required data for
this study. An electronic data collection form was created using the
Teamscope application and Microsoft Excel. The risk factors that were
studied included age, sex, area of residence, measles immunization
history, nutrition status and presence of comorbidities. Patients’ age
in years were grouped as follows: < 5 years, 5 to 10 years, 11 to 15
years, and 16 to 18 years. Inmunization history referred to the doses of
MCV received (0 dose, 1 dose, or 2 doses). To determine the nutritional
status, the study used the following indicators by the WHO to measure
nutritional imbalance: BMI-for-age, weight-for-age, height-for-age,
and weight-for-height. For patients aged 5 years and older, BMI-for-
age was used as the sole indicator because compared with weight-for-
height chart, it had the advantages of being able to capture the change
in the weight-height relation with age and of providing a measure
that can be used continuously up to the age of 20.15 Presence of any
comorbidity was listed. Discharged well, mortality or home against
medical advice (HAMA) were the listed clinical outcomes.

Chi-square test was used to test the difference in the distribution of
characteristics between those with and without high-risk pneumonia. A
p-valuelessthan 0.05 was considered significant. Logistic regression was
employed in looking at the predictive factors of high-risk pneumonia.
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The crude association was computed, and variables with p-value <0.2
were included in the full model. Backward elimination was then used
for the variable selection in the multiple logistic regression. The level of
significance was 0.05.

The study was approved by the Research Ethics Committee of San
Lazaro Hospital. Patient confidentiality was of the utmost priority. There
was no direct interaction with the patients hence vulnerability issue in
the selected population was limited to data privacy. Data collection was
done solely by the primary investigator. All data collected were kept
confidential in accordance with institutional policies and were used
only for the purpose mentioned in the study.

ResuLts

A total of 2321 records of pediatric patients admitted for measles
from January to December 2019 in San Lazaro Hospital were retrieved
and reviewed. Of these, 530 records were selected following the
inclusion and exclusion criteria of the study. The distribution of patients
according to demographic characteristics, immunization, and nutrition
status, and presence of comorbidities is presented in Table 1. There were
302 (56.98%) males, and 228 (43.02%) females. Most of the patients
were less than 5 years of age (84.53%); 6.79% were 5 to 10 years old,
6.23% were 16 to 18 years old, and 2.45% were 11 to 15 years old.
Majority were residing in Metro Manila (85.47%), while the others were
from nearby provinces such as Rizal (8.30%), Cavite (2.83%), Bulacan
(2.08%), Laguna (0.94%), and Batangas (0.38%).

For the immunization status of patients, 389 (73.40%) had none,
51(9.62%) had one dose, and 26 (4.91%) were fully vaccinated with 2
doses. There were 64 (12.08%) patients who cannot recall their measles
vaccination status.

The nutritional status of the patients was also assessed. In terms
of BMI-for-age, many had severe thinness (43.02%), while 14.91% had
thinness, 0.57% were overweight, and 2.64% were obese. There were
38.87% who had normal BMI.

The growth charts weight-for-age, height-for-age and weight-
for-height were used only for patients less than 5 years of age. Looking
at the weight-for-age, most of the patients were in normal range
(62.45%), however, there were still 12.64% who were underweight,
8.11% who were severely underweight, and 1.32% who were
overweight. As for the height-for-age, 46.41% were normal, 28.68%
were tall, 6.23% had severe stunting, and 3.21% had stunting. Lastly,
for the weight-for-height, majority of the patients had severe wasting
(38.68%), 12.64% had wasting, and 3.77% were overweight.

Majority (90.38%) of the patients had no comorbidities. Among
those with comorbidities, the most common was bronchial asthma
(5.85%). Other comorbidities identified were G6PD deficiency (4,
0.75%), cerebral palsy (2, 0.38%), intestinal parasitism (2, 0.38%),
pulmonary tuberculosis (2, 0.38%), cleft lip and palate (1, 0.19%),
congenital heart disease (1, 0.19%), typhoid fever (1, 0.19%), and
umbilical hernia (1,0.19%). There were 2 (0.38%) patients who had two
comorbidities present (bronchial asthma, and pulmonary tuberculosis).
Moreover, 3 (0.57%) patients were pregnant.

The difference in the distribution of these factors among those
with having high-risk pneumonia vs non-high-risk pneumonia were
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also assessed. Chi-square Test showed that there is a difference in the
distribution of age (p=0.001), measles vaccination status (p=0.011),
BMI-for-age (p=0.005), weight-for-age (p=0.027), and weight-for-
height (p=0.004).

An initial univariate logistic regression was done to assess which
predictive factors were associated with the outcome variable, having
high-risk pneumonia. This showed that age, BMI-for-age, weight-for-
age, and weight-for-height were associated with having high-risk
pneumonia (p-value < 0.05). Variables considered for the multivariate
analysis were age, measles vaccination status, BMI-for-age, weight-for-
age, and weight-for-height (p-value <0.2).

After doing variable selection using backward elimination,
results showed that only the weight-for-height was significant in the
logistic regression analysis. Compared to the normal weight-for-height,
patients with severe wasting are 1.85 times more likely to have high
risk pneumonia. Moreover, patients who were overweight were 4.24
times more likely to develop high-risk pneumonia compared with those
patients who were normal.

Figure 1 shows the clinical outcomes of the pediatric patients
with pneumonia, categorized as high-risk pneumonia (PCAP-D), and
without high-risk pneumonia (PCAP-B, PCAP-C, other complications).
Overall, 506 (95.47%) were discharged, 4 (0.75%) went home against
medical advice (HAMA), and 20 (3.77%) died. Of those without high-
risk pneumonia, 382 (98.96%) were discharged, and 4 (1.04%) were
HAMA; no patient mortality. Of those with high-risk pneumonia, 124
(86.11%) were discharged, no HAMA, and 20 (13.89%) patients died.
Chi-square test showed significant difference in the distribution of
clinical outcomes between those without high-risk and with high-risk
pneumonia (p=<0.001).

Discussion
This study showed that pediatric patients with measles who
were less than 5 years old, with no measeles vaccination, and those

who were either underweight or overweight were associated with the
development of high-risk pneumonia. Moreover, those with high-

With high-risk pneumonia

Without high-risk pneumonia

| | |
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® Mortality 20 0 20

Figure 1. Clinical outcomes of pediatric patients with measles with pneumonia.
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Table 1. Distribution of patients according to demographic characteristics, immunization status, nutrition status, and presence of comorbidities.

Overall Without high-risk pneumonia With high-risk pneumonia p-value
Frequency Percent Frequency Percent Frequency Percent
Sex 0.836
Female 228 43.02 165 42.75 63 43.75
Male 302 56.98 221 57.25 81 56.25
Age 0.001*
<5 448 84.53 312 80.83 136 94.44
5-10 36 6.79 32 8.29 4 2.78
11-15 13 2.45 13 3.37 0 0.00
16-18 33 6.23 29 7.51 4 2.78
Province 0.909
Batangas 2 0.38 1 0.26 1 0.69
Bulacan 1" 2.08 8 2.07 3 2.08
Cavite 15 2.83 10 2.59 5 3.47
Laguna 5 0.94 4 1.04 1 0.69
Metro Manila 453 85.47 333 86.27 120 83.33
Rizal 44 8.30 30 7.77 14 9.72
Measles Vaccination Status 0.011*
0 389 73.40 270 69.95 119 82.64
1 51 9.62 38 9.84 13 9.03
2 26 491 22 5.70 4 2.78
Unrecalled 64 12.08 56 14.51 8 5.56
Nutritional Status
BMI-for-age 0.005*
Severe Thinness 228 43.02 155 40.16 73 50.69
Thinness 79 14.91 58 15.03 19 13.19
Normal 206 38.87 164 42.49 42 29.17
Overweight 3 0.57 2 0.52 1 0.69
Obesity 14 2.64 7 1.81 7 4.86
Weight-for-age 0.027*
Severe Underweight 43 8.11 25 6.48 18 12.50
Underweight 67 12.64 43 11.14 24 16.67
Normal 331 62.45 242 62.69 89 61.81
Overweight 7 132 2 0.52 5 3.47
Not Applicable 82 15.47 74 19.17 8 5.55
Height-for-age 0.551
Severe Stunting 33 6.23 21 5.44 12 8.33
Stunting 17 3.21 1 2.85 6 417
Normal 246 46.41 175 45.34 Al 49.31
Tall 152 28.68 105 27.20 47 32.64
Not Applicable 82 15.47 74 19.17 8 5.55
Nutritional Status
Weight-for-height 0.004%
Severe Wasting 205 38.68 132 34.20 73 50.69
Wasting 67 12.64 50 12.95 17 11.81
Normal 156 29.43 121 31.35 35 2431
Overweight 20 3.77 9 2.33 n 7.64
Not Applicable 82 15.47 74 19.17 8 5.55
Presence of comorbidities
Comorbidities 0.344
Biliary Atresia 1 0.19 0 0.00 1 0.69
Bronchial Asthma 31 5.85 26 6.74 5 3.47
Cerebral Palsy 2 0.38 0 0.00 2 1.39
Cleft lip & Palate 1 0.19 0 0.00 1 0.69
Congenital Heart Disease 1 0.19 1 0.26 0 0.00
G6PD Deficiency 4 0.75 3 0.78 1 0.69
Intestinal Parasitism 2 0.38 1 0.26 1 0.69
Pregnancy 3 0.57 3 0.78 0 0.00
Presence of comorbidities
Comorbidities 0.344
Pulmonary Tuberculosis 2 0.38 2 0.52 0 0.00
Typhoid Fever 1 0.19 1 0.26 0 0.00
Umbilical Hernia 1 0.19 1 0.26 0 0.00
Bronchial Asthma; Pulmonary Tuberculosis 2 0.38 2 0.52 0 0.00
None 479 90.38 346 89.64 133 92.36

2presence or absence of comorbidities was used in the analysis

*Significant at 0.05 leve-
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Table 2. Univariate and final logistic regression analysis of factors considered for development of high-risk pneumonia in measles.

0dds Ratio SE p-value 95% (I
DEMOGRAPHICS
Sex
Female (base)
Male 0.96 0.19 0.836 0.65-1.41
Age
<5 (base)
5-10 0.29 0.15 0.021 0.10-10.83
11-15 - - - -
16-18 0.32 017 0.034 0.11-10.92
Province
Metro Manila (base)
Laguna 0.69 0.78 0.745 0.08 - 6.27
Rizal 1.30 0.44 0.448 0.66 —2.53
Cavite 139 0.77 0.557 0.46 - 4.14
Bulacan 1.04 0.71 0.954 0.27 -3.99
Batangas 2.78 3.94 0.472 0.17 - 44.71
IMMUNIZATION HISTORY
Measles Vaccination Status
0 (base)
1 0.78 0.26 0.456 0.40 - 1.51
2 0.41 0.23 0.110 0.14-1.22
NUTRITIONAL STATUS
BMI-for-age
Normal (base)
Severe thinness 1.84 0.41 0.006 1.19-2.85
Thinness 1.28 0.40 0.436 0.69 -2.38
Overweight 1.95 2.41 0.589 0.17 - 22.05
Obese 3.90 2.19 0.015 1.30-11.74
Weight-for-age
Normal (base)
Severe underweight 1.90 0.62 0.051 1.00 - 3.61
Underweight 1.42 0.39 0.197 0.83-2.43
Overweight 4.74 3.51 0.035 1.11-20.25
Height-for-age
Normal (base)
Severe stunting 1.56 0.60 0.250 0.73-333
Stunting 1.49 0.78 0.449 0.53-4.17
Tall 1.22 0.27 0.367 0.79-1.89
Weight-for-height
Normal (base)
Severe wasting 1.85 0.44 0.010 1.16 -2.95
Wasting 1.16 0.38 0.659 0.60 - 2.22
Overweight 4.24 2.07 0.003 1.63-11.04
PRESENCE OF COMORBIDITIES
Comorbidities
With comorbidities (base)
Without comorbidities 0.71 0.25 0.346 0.36-1.44
NUTRITIONAL STATUS (FINAL LOGISTIC REGRESSION)
Weight-for-height
Normal (base)
Severe wasting 1.85 0.44 0.010 1.16 -2.95
Wasting 1.16 0.38 0.659 0.60 - 2.22
Overweight 4.24 2.07 0.003 1.63-11.04
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risk pneumonia had poorer clinical outcomes, with all those who died
belonging to the high-risk pneumonia group.

These findings were consistent with several studies that have
expounded on the factors affecting morbidity and mortality in measles.
Age is a constant risk factor as younger patients (<5 years) are more
likely to develop pneumonia. Vaccination has long been known to
effectively prevent morbidity and mortality even after cases of vaccine
failures. Poor nutritional status led to more frequent complications,
longer hospital stay, and poorer clinical outcome.®'%'6-22 This are
reaffirmed in this study which showed that there was a difference in
the distribution of age (p=0.001) and majority of the patients who
had high-risk pneumonia were less than 5 years of age (94.44%) and
unvaccinated (82.69%). Among patients who had high-risk pneumonia,
50.69% had severe thinness. Moreover, patients with severe wasting
and overweight were more likely to develop high-risk pneumonia
compared with those patients who had normal weight for height.
Majority (95.47%) were discharged and 20 (3.77%) died. All mortality
cases had very severe pneumonia, were less than 5 years of age, and
were unvaccinated. Half of the mortality cases had severe wasting
as well, indicating presence of severe malnutrition. These factors
contribute to a poor clinical outcome, hence the need for prompt
recognition that would lead to immediate management. Emphasis is on
vaccination as it remains an effective means to prevent measles and its
severe complications.

CoNcLUsION

A declining immunization coverage in the country since 2017,
exacerbated by loss of public confidence and trust in vaccines led to
the measles outbreak in 2019. Respiratory complications, specifically
pneumonia was the most common severe complication in measles. Most
affected were young children less than 5 years of age, those who have
not received measles vaccination, and those with poor nutrition status
who have severe wasting or were obese. All mortality cases had high-
risk pneumonia.

This study showed that most vulnerable to very severe pneumonia
and death in measles outbreaks are young children, the unvaccinated
and those with poor nutrition. To prevent outbreaks and protect the
vulnerable population, vaccination remains the most important and
most cost-effective means. Rebuilding public trust and confidence in
vaccines should be at the core of every patient interaction through
effective communication without condescension as a family physician.
Addressing nutrition is also essential whether in terms of deficiencies
or excesses. Management of patients should be holistic, starting in
prevention or in primary care, to improve overall clinical outcome.
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