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ABSTRACT
Background: Chickenpox is a contagious airborne disease. Immunization by varicella vaccine is an effective
preventive measure. The objective of this study is to evaluate the impact and effectiveness of a single-dose
vaccination against chickenpox at 15 months of age.
Methods: Observational study based on data from the Epidemiological Surveillance System of the
Autonomous Community of Madrid from 2001 to 2015. The years were grouped into 4 periods according
to epidemic cycles and vaccination schedule: 2001–06, 2007–10, 2011–13 and 2014–15. The impact was
calculated as Relative Risk (RR) between the incidence of chickenpox in children between 15 months and
13 years of age between 2011–13 and 2001–06 through Poisson regression using notifications made to
the Diseases of Compulsory Declaration (DCD) system, the Sentinel Physicians Network (SPN) and hospital
discharge records noted as Minimum Basic Data Set (MBDS). The vaccine effectiveness (VE) was calculated
using the screening method and a 1:2 case-control study paired by age and paediatrician in population
from 15 months to 13 years and between 2007 and 2015 using SPN source data.
Results: The RR2011–13/2001–06 using data from the DCD was 0.14 (95% CI: 0.14 to 0.15), 0.07 (95% CI: 0.06 to
0.08) from SPN and 0.17 (95% CI: 0.15 to 0.20) from MBDS. A total of 338 cases were included in the VE
screening obtaining an overall of 76.7% (IC 95%: 71.9 to 80.7%). For a case-control study, 120 cases and
247 controls were recruited obtaining a VE of 92.4% (IC 95%: 80.8 to 97.0%).
Conclusions: The single-dose vaccination against chickenpox at 15 months of age has high impact and
effectiveness.
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Introduction

The varicella-zoster virus (VZV) is a DNA virus of the herpesvirus
group that produces two types of disease (chickenpox and
shingles).1 Chickenpox is an acute disease that mostly affects chil-
dren and usually consists of a moderate fever, mild general symp-
toms and a vesicular rash that develops scabs in a few days. In
some cases, this disease can be serious, with complications such as
pneumonia or encephalitis, especially in children under 1 year of
age, adults and immunocompromised population.

Chickenpox is one of the most contagious airborne diseases.
The period of transmissibility ranges from 2 days before the
onset of the rash until all lesions are scabbed over. The incuba-
tion period is 2 to 3 weeks, although it may be longer in immu-
nocompromised individuals since it takes longer to solve the
disease. Susceptibility is universal. In temperate zones, 90% of
the population has contact with the virus before the age of
15 years. Data from the IV Community of Madrid Sero-Surveil-
lance Survey show that the prevalence of antibodies against
chickenpox after the age of 11 years exceeds 90%.2

Vaccination against chickenpox is effective in protecting
against VZV infection and in reducing the severity of the dis-
ease if contracted. The vaccine is a live attenuated virus vaccine
that is safe and well tolerated.3,4 Adverse reactions are generally
mild.5 The therapeutic indication is two doses for people aged
9 months to 12 years.6

In Spain, the first chickenpox vaccine was approved for hospi-
tal use with at-risk groups in 1998. In 2004, the vaccine was given
extra-hospital indications, which initiated its commercialization
in pharmacies. In March 2005, the Interterritorial Council of the
National Health System recommended the inclusion of the vac-
cine in the schedule of systematic childhood vaccinations in the
susceptible population between 10 and 14 years.

In the Community of Madrid, unlike the rest of the country,
publicly founded chickenpox vaccine was included in the routine
childhood immunization schedule at 15 months of age with single
dose of Varivax©, on November 1, 2006,.7 In January 2014 vari-
cella vaccination was withdrawn from the official childhood vac-
cination schedule. The dose administered at 11 years remained
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under the same indication as described in 2005. For other sched-
ules, the vaccine was available only through the private market.

The objective of this study is to evaluate the impact in the
general population and effectiveness in the child population
born after 2006, of a single-dose of varicella vaccine in the
Community of Madrid.

Results

Impact of vaccination

A total of 318,697 cases were reported using the DCD system.
Additionally, 8,189 cases were obtained through the SPN, and
3,067 admissions were obtained through the MBDS during the
period from 2001 to 2015 (Fig. 1). The highest incidence was
reported in the period prior to the introduction of the vaccine
to the schedule at 15 months (2001–06) for the three sources
and in all age groups (Table 1). From that year forward, the
incidence showed a downward trend in all three information
sources. This reduction was maintained until period 2011–13,
when the rates reached the lowest value. From that year for-
ward, the incidence showed an upward trend (Fig. 2).

From the reference period (2001–06) to the last periodwith the
vaccine in the schedule at 15 months (2011–13), RR of

chickenpox was 0.14 (95% CI: 0.14 to 0.15) according to the DCD
system, 0.07 (95% CI: 0.06 to 0.08) according to the SPN and 0.17
(95% CI: 0.15 to 0.20) according to theMBDS (Table 1).

Vaccine effectiveness

Screening method

A total of 2,027 cases of chickenpox were notified to the SPN
from 2007 to 2014. The following cases were excluded: 1,424
cases born before 2006, 202 cases less than 15 months old at
symptom development, 33 cases without information on the
vaccination status and 30 cases with an incomplete birth date.
A total of 338 cases were included in the study (Fig. 1).

The year of the withdrawal (after 2013) of the vaccine from
the schedule showed the lowest coverage in both the cases and
the general population (Fig. 3). The highest proportion of vac-
cinated cases occurred in those born in 2011 after a sustained
period of high coverage. During the period in which the vaccine
was on the schedule, population coverage exceeded 90% in the
target cohorts of the vaccination programme.

The overall VE calculated by the screening method was
93.1% (IC95%: 90.9 to 94.8). The VE decreased with time from
vaccination from 98.2% (IC95%: 96.5 to 99.9) in the first year

Figure 1. Chickenpox Epidemiological Surveillance System. 2001 to 2015. Community of Madrid.

Table 1. Incidence and Risk Ratio (RR) of chickenpox according to the source of information and age group. Epidemiological Surveillance System. 2001 to 2015. Commu-
nity of Madrid.

2001–06 2007–10 2011–13 2014–15
Cases

(incidence)
Cases

(incidence)
2007–10 / 2001–06 RR

(95% IC)
Cases

(incidence)
2011–13 / 2001–06 RR

(95% IC)
Cases

(incidence)
2014–15 / 2001–06 RR

(95% IC)

Rates
0–4 3806 (8439.61) 689 (2219.76) 0.26 (0.24 to 0.28) 96 (358.15) 0.04 (0.03 to 0.05) 140 (975.75) 0.12 (0.10 to 0.14)
5–9 1597 (2906.96) 443 (1381.07) 0.48 (0.43 to 0.53) 171 (622.95) 0.21 (0.18 to 0.25) 138 (804.37) 0.28 (0.23 to 0.33)
10–14 386 (672.79) 51 (165.3) 0.25 (0.18 to 0.33) 30 (134.21) 0.20 (0.14 to 0.29) 44 (293.15) 0.44 (0.32 to 0.59)
> 14 347 (114.53) 145 (52.96) 0.46 (0.38 to 0.56) 71 (22.47) 0.20 (0.15 to 0.25) 35 (20.21) 0.18 (0.12 to 0.25)

Addmission
rates
0–4 1082 (60.91) 314 (22.43) 0.37 (0.32 to 0.42) 42 (3.82) 0.06 (0.05 to 0.09) 52 (7.59) 0.12 (0.09 to 0.16)
5–9 162 (10.36) 76 (6.17) 0.60 (0.45 to 0.78) 25 (2.44) 0.24 (0.15 to 0.36) 16 (2.27) 0.22 (0.13 to 0.37)
10–14 42 (2.59) 15 (1.33) 0.52 (0.29 to 0.93) 4 (0.44) 0.17 (0.06 to 0.48) 5 (0.79) 0.30 (0.12 to 0.77)
> 14 756 (2.57) 256 (1.19) 0.46 (0.40 to 0.54) 128 (0.78) 0.30 (0.25 to 0.37) 92 (0.85) 0.33 (0.27 to 0.41)

All ages
DCD 227165 (660.45) 58423 (231.85) 0.35 (0.35 to 0.35) 18552 (95.22) 0.14 (0.14 to 0.15) 14557 (112.92) 0.17 (0.17 to 0.17)
SNP 6136 (1324.69) 1328 (361.08) 0.27 (0.26 to 0.29) 368 (93.74) 0.07 (0.06 to 0.08) 357 (145.19) 0.11 (0.10 to 0.12)
MBDS 2042 (5.94) 661 (2.62) 0.44 (0.40 to 0.48) 199 (1.02) 0.17 (0.15 to 0.20) 165 (1.28) 0.22 (0.18 to 0.25)

DCD: Diseases of Compulsory Declaration; SPN: Sentinel Physician Network; MBDS: Minimum Basic Data Set.
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to 93.1% (IC95%: 90.9 to 94.8%) after 9 years of follow-up. This
decrease can be considered as statistically significant since the
confidence intervals are not overlapped. Most vaccinated cases
occur in the first 2 years of follow-up (97/129) (Fig. 4).

Case-control method

Of the 163 cases detected by the Sentinel Physicians Network
between 2007 and 2013, 43 cases met the exclusion criteria so
120 were included in the case-control study. The characteristics
of these 120 cases and their corresponding controls are shown
in Table 2. The distributions of demographic factors, including

sex, age and social factors, such as the country of origin, were
similar in both groups. Other possible factors that might influ-
ence the development of the disease, such as prematurity and
MMR vaccination, were also similar.

In nearly 47% (n D 76) of the cases, we could not extract a
biological sample, but the VE was similar for all cases and labo-
ratory-confirmed cases (Table 3). None of the severe cases were
vaccinated, and thus, the VE was 100%. The 7 confirmed vacci-
nated cases exhibited mild symptoms.

Estimates of the VE during the first three years were unsta-
ble. After the third year of follow-up, the VE was approximately
90%. Most vaccinated cases occur in the 3 five years of follow-
up (17/23) (Fig. 4).

Discussion

The community of Madrid is the only region in Spain that has
implemented a population-based one-dose publicly funded
chickenpox vaccination at 15 months between November 2006
and January 2014. The vaccination strategy used in our region
has significantly reduced the burden of disease, as seen in other
countries.13-18 However, there was a slight increase in the inci-
dence of all ages after the exclusion of the dose at 15 months
from the public funded vaccination schedule. This modification
was made in the context of laws to reduce health expenditure
and seeking cohesion with the vaccine schedules of other
Autonomous Communities. Subsequent consensus at the

Figure 2. Chickenpox rates. Epidemiological Surveillance System. 2001 to 2015. Community of Madrid.

Figure 3. Vaccination against chickenpox coverage by year of birth. Community of
Madrid.
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national level has reintroduced the vaccine into the schedule in
2016 (Revisi�on del calendario de vacunaci�on 2016).

The VE calculated by the screening method was higher than
that calculated by the case-control method, but both methods
yielded results compatible with one another. The cases and
controls were recruited consecutively so the epidemic environ-
ment was similar at the time of its inclusion, reducing the bias
that seasonality could induce. In addition, the screening
method is overestimated if the population vaccine coverage is
biased upwards. Therefore, the results of the case-control study
could be more reliable, despite its limitation due to the sample
size.19

A study conducted in Spain found a reduction of 83.5% in
hospitalizations among Autonomous Communities with the
vaccine on the schedule.20 The findings of these studies are very
similar to the impact described in the present study.

A paired case-control study conducted in Bavaria showed an
86% VE (95% CI: 77–92) after more than 5 years of follow-
up.21 Another study conducted in Connecticut, USA, with the
same method showed a VE of 87% (95% CI: 81 to 91) for a fol-
low-up of 4 years.22 In Italy, the VE determined using the
screening method.23 was 91% (95% CI: 90–92).

In Spain, the VE against the disease confirmed by PCR for a
single dose in a case-control study conducted in Navarra was
93% (95% CI: 34 to 100) in the first year of follow-up,24 results
very similar to those found in case-control study against con-
firmed cases (VE: 92%; 95% CI: 64 to 98). For a retrospective
cohort study conducted in Murcia in a population under
13 years of age, the VE against clinical disease was 89% (95%
CI: 75 to 95), although this study is framed in the context of
reported epidemic outbreaks in the school setting.25

The immunity conferred by a single dose of vaccine followed
up for at least 10 years suggests a possible decrease in the VE
over time. The VE follows patterns similar to those described
in other studies.21,26 The highest VE was found in the first year
of continuous follow-up, followed by a decline in the following
years, a subsequent stabilization and, finally, a gradual decrease.
The most likely explanation for this stabilization is an immune
response secondary to exposure to free VZV occurring at the
time of schooling among the child population.21,27

Relevant strength is the information systems on which this
study is based. The vaccination record collects information on
the vaccination status of the population of Madrid regardless of
where the vaccine is administered (primary or specialized care
or a public or private clinic). Moreover, the EHR of specialized
care is interoperable with primary care, which allows the users’
conditions or vaccines to be reviewed. Thus, the classification
of exposure to the vaccine was very comprehensive.

Our study has some limitations to take into account. Due to
the high vaccination coverage during the vaccine publicly
founded period, practically all cases with a follow-up of less
than one year were vaccinated. This increase the difficulties of
finding the required number of controls for each case and cal-
culate long-term VE using a case-control study.

Although information on the severity of symptoms was col-
lected in the case-control study, no cases were vaccinated
among the severe cases, which resulted in insufficient power to
calculate the VE for this group. However, this lack of severe
cases among those receiving 1 dose of vaccine is a positive
result.

There is a possible misclassification bias and a loss of power
in the study of confirmed cases because in many cases a clinical
sample could not be extracted. However, despite the low inci-
dence of childhood chickenpox in our setting, the professionals

Figure 4. Evolution of vaccine effectiveness and vaccinated cases over time. Com-
munity of Madrid.

Table 2. Characteristics of study population. Case-control study based on the Sen-
tinel Physicians Network. 2007 to 2015. Community of Madrid.

Cases Controls

Characteristics (n D 120) (n D 247)
Age (years)
Median 4 4
Range 1 to 12 1 to 13
Sex: female 55 (46%) 112 (45%)
Prematurity: yes 10 (8%) 22 (9%)
Origin: Spain 112 (93%) 232 (94%)
MMR vaccination: yes 117 (98%) 238 (96%)
Chickenpox vaccination: yes 19 (16%) 124 (50%)
Age at vaccination: � 15 months 15 (79%) 95 (77%)

Vaccination follow up (months)
Median 19 30
Range 1 to 80 0 to 75
Case type: confirmed/susceptible 44 (37%) —
Chickenpox: moderate/severe 31 (26%) —

Table 3. VE against chickenpox. 2003 to 2015. Community of Madrid.

Vaccinated cases

Method VE (95% CI) Cases (N) (N) (%)

Screening
All cases 93.1 (90.9 to 94.8) 338 129 38.2
Cases and controls
All cases 92.4 (80.8 to 97.0) 120 19 15.8
Confirmed cases 91.8 (64.3 to 98.1) 44 4 2.7
Moderate/severe cases 100* 31 0 0.0

�There are no moderate/severe cases among the vaccinated population.
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involved in the SPN performed identical protocols to define
monitored diseases and had a high level of alertness in their
diagnoses. Therefore, very few cases should be misclassified.

The WHO makes clear recommendations for the chicken-
pox vaccination policy as follows: one dose is sufficient if the
objective of the programme is to reduce morbidity and mortal-
ity, whereas the 2 dose regimen is more effective and is recom-
mended if the objective is to reduce the number and size of
outbreaks and limit virus circulation.28

In summary, the dose regimen administered in the Commu-
nity of Madrid is highly effective in the prevention of cases of
chickenpox and, with less certainty, is effective in the preven-
tion of severe cases. Additional studies are needed that include
more patients with diagnostic confirmation information to bet-
ter describe the changes in immunity produced by vaccination.

Material and methods

Data sources and variables

The Epidemiological Surveillance System obtains information
from several sources. To perform this study, the following sour-
ces were used:

� The Diseases of Compulsory Declaration (DCD) system.
This system collects information from the entire popula-
tion. Chickenpox is viral infection included in the DCD
system with weekly numerical data. Variables were used
by referring to the year and week of notification and the
number of cases declared. The notification is made by
automatically downloading of basic information from the
Electronic Health Records (EHR) of primary care. The
EHR is encoded following the International Classification
of Primary Care (ICPC) developed by the WONCA.8 The
episodes with the A72 ICPC code were selected. Through
the EHR of primary care, health care providers can access
the EHR of hospital care, which allows completing the
information on the evolution of cases. In addition to this
system, all healthcare workers are required to notify any
possible, probable or confirmed cases. Clinical case defini-
tion was: acute generalized onset disease with mild fever
and rapidly evolving rash from superficial papules to
vesicles and eventually scabs.

� Minimum Basic Data Set (MBDS). This system collects
information on the population covered by the national
health system. It is based on hospital discharges; each dis-
charged patient generates a record in this information
system. Records with the following ICD9-MC codes as
the main diagnosis or first secondary diagnosis were
selected: 052.0 (encephalitis caused by VZV), 052.1
(pneumonitis caused by VZV), 052.2 (myelitis caused by
VZV), 052.7 (chickenpox with other specified complica-
tions), 052.8 (chickenpox with other unspecified compli-
cations) and 052.9 (chickenpox without complications).
All hospitals, public and private, in the region where
included for the whole period of the study. Variables
referring to the primary and secondary diagnosis, age,
sex, year of notification and place of residence were used.

� Sentinel Physicians Network (SPN). The SPN is formed
by 136 physicians who monitors a representative

population of the Community of Madrid (199,044 inhabi-
tants, 3% of the population).9 and reports diseases with
homogenous criteria using a standardized questionnaire
with the following variables: year and week of notification,
age, sex and vaccination status. This system uses the same
case definition as DCD, but the physicians receive specific
training on case detection and gather clinical and epide-
miological information. For the case-control study, the
information also included the date of symptom onset, dis-
ease severity, microbiological results and the vaccination
status of the cases and controls. A valid vaccine dose was
considered if more than 15 days elapsed between the date
of the dose and the onset of symptoms for both calcula-
tions of vaccine effectiveness. The disease was measured
using a modified version of the scale used in clinical trials
on the chickenpox vaccine (Appendix 1). A score � 7 was
considered mild, 8 to 15 moderate and � 16 severe.10

Serum samples were collected from the cases for the
determination of chickenpox-specific IgM antibodies
within 5 days after vesicles appeared. Vesicle swab were
also collected for identification of viral DNA by PCR.
These samples were sent to the Regional Public Health
Laboratory of the Community of Madrid.

� Vaccine registration. This registry began in 2006, it con-
tains a nominal record of vaccination and it automatically
incorporates vaccines registered in Primary Healthcare
Centres of the Regional Health Service, vaccination
centres of the Madrid City Council, as well as a manual
registry from other vaccination centres, mainly from the
private sector. Annual coverage of the chickenpox vaccine
was estimated, and the vaccination status (number of
doses and date of administration) of the cases notified to
the SPN was completed.

� Rates denominators. The annual resident population data
included in the Continuous registry of the Community of
Madrid were used for the calculation the MBDS and
DCD rates. However, for the SPN, the denominator
incorporates the weekly population assigned to each phy-
sician adjusted for their attendance. The population of
sentinel physicians without assistance is not counted. Sen-
tinel physicians with assistance who did not complete any
protocol receive an automatic email that includes a sub-
mit type field to notify zero cases. The population of sen-
tinel physicians confirming zero cases is incorporated and
those who do not confirm are excluded as long as they do
not.

Study design

Study of the impact of vaccination
Population-based follow-up study was conducted using data
obtained from the Epidemiological Surveillance System of the
Community of Madrid from 2001 to 2015.

Cases of all ages of chickenpox reported to the Surveillance
System during the study period were selected. There also was
analysed the evolution of the incidence of hospitalization. All
admissions presenting ICD-9-MC codes compatibles with
chickenpox attending to public or private hospitals during the
study period were selected.
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Study of the vaccine effectiveness
Two different methods were used to calculate the vaccine
effectiveness:

1) Screening method.
To this end, were selected those cases reported between 2007
and 2014 by the Sentinel Physicians Network (SPN) of individ-
uals older than 15 months of age at symptom onset and born
after 2006, who were eligible for varicella vaccine. Vaccination
coverage was calculated for the population that was
�15 months of age from 2006 to 2014.

2) Paired case-control study.
The case-control study was paired by physician, age of the case
and consultation date. Two controls were selected for each
case. The inclusion criteria for cases were as follows: 1) individ-
uals between 15 months and 13 years of age and 2) individuals
who presented with a clinical profile compatible with chicken-
pox according to the case definition used in the SPN. The first
two patients who consecutively attended the same clinic after
the case were selected as controls if they met the following crite-
ria: 1) an age similar to the case (§ 5 months), 2) treated by the
same paediatrician and 3) not suffering from the disease at the
time of selection. The following exclusion criteria were applied
to both the cases and controls: 1) vaccination against chicken-
pox not recommended (immunosuppression due to underlying
disease or medication), 2) personal history of chickenpox
recorded in the medical history or reported by the parents prior
to the vaccination date and 3) unknown vaccination status or
date of birth. Inclusion in the study was established prior to the
delivery of the information sheet and signing of the informed
consent form by the parents. The selection of establishments
was conducted between 2007 and 2013.

Statistical analysis

Analysis of the impact of vaccination
The annual incidence rates (cases per 100,000 inhabitants) and
annual hospital admissions (admissions per 100,000 inhabi-
tants) for chickenpox were calculated for specific age groups (0
to 4, 5 to 9, 10 to 14 and > 14 years old) and for all age groups.

The years were grouped into 4 periods according to changes
in the incidence and in the vaccination schedule: 2001–06,
2007–10, 2011–13 and 2014–15. The impact of vaccination was
calculated by comparing the rates of the last period with the
vaccine in the children’s vaccine schedule (2011–13) with the
rates of the reference period (2001–06) by calculating relative
risks (RR) through Poisson regression models.

Analysis of the vaccine effectiveness
The follow-up time was defined as years elapsed between the
date of vaccination and the date of symptom onset, if the cases
were not vaccinated the date of recommended vaccination at
15 months of age was consider as time of vaccination. The
number of vaccinated cases was defined as the occurrence of
suspected case in a vaccinated patient with a valid dose.

Vaccine effectiveness was estimated using the screening
method.11 based on a comparison of the proportion of vacci-
nated cases with the proportion of the vaccinated population.
The approach described by Farrington.12 was adopted; this
approach allows adjustment of the VE with confounding

factors using logistic regression models. To control the effect of
variation in cohort coverage, the proportion of vaccinated pop-
ulation under 15 months corresponding to each year of symp-
toms onset was considered for each case and incorporated into
the logistic regression models. Also the results are presented
globally and disaggregated by the years of follow-up.

Subsequently, the effectiveness of the vaccine was calculated
using the case-control method. Only paired groups that had at
least one control were included: 11 groups 1:1, 345 groups 1:2,
8 groups 1:3 and 4 groups 1:4. A conditional logistic regression
model was used to calculate the relationship between the prob-
ability of having chickenpox and the probability of being vacci-
nated. These regression models allow flexibility in the number
of controls recruited for each case and adjustment by possible
confounding variables. The VE was calculated according to the
types of cases (total, confirmed and severe). The case was con-
firmed if the DNA of the virus was identified by PCR in the
clinical samples. The case was severe if the severity scale of the
disease was equal to or greater than 16.

In both cases, effectiveness was calculated using the formula
(1-OR) £ 100 for the entire study period and disaggregated by
the follow-up time from vaccination.

Statistical analyses were performed with calculated by Stata
software, version 12.0 (Stata Corp., College Station, TX) with a
confidence level of 95%.
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Appendix 1. Criteria for the severity of chickenpox

Clinical signs Presentation Score

Number of lesions 1 to 50 1
51 to 100 2
101 to 500 4
� 501 6

Type of injuries Macular or papular 2
Vesicular 4
Haemorrhagic 4

Fever < 38�C 0
38.8 to 39.9�C 1
� 40�C 3

Systemic Signs No signs 0
Pain in the back or abdomen 4
Pneumonia 5
Encephalitis 5

Subjective assessment Does not appear sick 0
Appears moderately ill 2
Appears seriously ill 5

Score: � 7 mild; 8 to 15 moderate; � 16 severe.
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