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Vigilancia de infecciones inmunoprevenibles:  
áreas de interés

Cobertura

Efectividad Seguridad

Oportunidades perdidasRiesgo poblacional

Actitudes y 
comportamientosEpidemiología EPV

Respuesta de Salud Pública
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Cobertura administrativa
P(Infección = 0 | vacunado)
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Cobertura inmunológica

Cobertura administrativa

P(Infección = 0 | seropositivo)

P(Infección = 0 | vacunado)
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Cobertura biológica

Cobertura inmunológica

Cobertura administrativa

P(Infección = 0 | individuos resistentes)

P(Infección = 0 | seropositivo)

P(Infección = 0 | vacunado)
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Inmunidad poblacional

Cobertura biológica

Cobertura inmunológica

Cobertura administrativa

P(Infección = 0 | población resistente)

P(Infección = 0 | individuos resistentes)

P(Infección = 0 | seropositivo)

P(Infección = 0 | vacunado)



•Acumulada vs. efectiva (oportuna)


•Blancos específicos: mínima, parcial, esquema 
completo


•Cruda vs. estratificada (subpoblaciones)


•Absoluta vs. relativa (proporcional al riesgo)
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Cobertura de vacunación: otras dimensiones
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Cobertura de vacunación: oportunidad

US CDC, 2015



• Información directa 

• Informes oficiales de autoridades 
nacionales de salud


• Información indirecta 

A. Encuestas comunitarias de 
vacunación (EPI, MICS, DHS)


• Limitaciones: costos, poder 
estadístico, calidad


B. Datos administrativos de atención 
de salud


• Número de dosis administradas / 
tiempo


• Cobertura administrativa


• Sensible a sesgos de información 
(ej. censos o proyecciones antiguos)
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Cobertura vacunal: fuentes estimación OMS-UNICEF

Burton, A., et al. WHO and UNICEF estimates of national infant immunization coverage: Methods and processes. Bull WHO, 2009; 87 (7): 535–541
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Cobertura vacunal: estimación OMS-UNICEF

Burton, A., et al. WHO and UNICEF estimates of national infant immunization coverage: Methods and processes. Bull WHO, 2009; 87 (7): 535–541

Cobertura de inmunización hipotética 1982 - 2007: informes a OMS y 
UNICEF, resultados de encuestas y estimaciones OMS-UNICEF

538 Bull World Health Organ 2009;87:535–541 | doi:10.2471/BLT.08.053819

Policy & practice
Estimates of infant immunization coverage Anthony Burton et al.

considered and an attempt is made to 
construct a consistent pattern over time 
from the data with the least potential 
for bias consistent with temporal trends 
and comparisons between vaccines. If 
coverage patterns are inconsistent with 
the vaccine and dose numbers given, 
an attempt to identify and adjust for 
possible biases is made. If inconsistent 
patterns are explained by programmatic 
(e.g. vaccine shortage) or contextual 
events (e.g. “international incidents”), 
the estimates reflect the impact of these 
events.

When several estimates are pos-
sible, alternative explanations that 
appear to cover the observed data are 
constructed and treated as competing 
hypotheses.36,37 Local information is 
considered, potential biases in the data 
are identified and the more likely hy-
pothesis is selected.

Recall bias adjustment
Whenever estimates are based primar-
ily on survey data and the proportion of 
vaccinations based on maternal recall is 
high, survey coverage levels are adjusted 
to compensate for maternal recall for 
multi-dose antigens (i.e. DTP, polio 
vaccine, hepatitis B vaccine and Hib 
vaccine) by applying the dropout be-
tween the first and third doses observed 
in the documented data to the vac-
cination history reported by the child’s 
caretaker.38

No coverage greater than 100%
Coverage levels in excess of 100% are 
occasionally reported. While they are 
theoretically possible, they are usu-
ally the result of systematic error in the 
numerator or denominator, a mid-year 
change in target age groups, or inclu-
sion of children outside the target age 
group in the numerator. The highest 
coverage estimate is 99%.

Incorporation of local knowledge
By consulting local experts, an attempt 
is made to put the data in the context 
of local events – those occurring in 
the immunization system (e.g. vaccine 
shortage for parts of the year, donor 
withdrawal, change in management or 
policies, etc.) as well as more widely-
occurring events (e.g. international 
incidents or civil unrest). Information 
on such events is used to support (or 
challenge) sudden changes in coverage.

Description and dissemination 
of results
For each country, year and vaccine/
dose, WHO and UNICEF estimates 
are presented in both graphic and 
tabular forms along with the data upon 
which they are based. The estimates are 
“thickened”39–41 by providing a descrip-
tion of the assumptions and decisions 
made in developing the specific esti-
mates. Fig. 1 and Fig. 2 illustrate these 
methods.

In summary, WHO and UNICEF 
estimates of national immunization 
coverage are an attempt to construct a 
consistent narrative that relies on the 
measured data available for a country, 
interpreted in light of a general un-
derstanding of immunization systems, 
potential biases in the data and local 
knowledge of specific events.

Discussion
One perceived weakness of the esti-
mates stems from the subjective nature 
of the methods used. As described 

Fig. 1. Immunization coverage for a given vaccine in a hypothetical country from 
1982–2007, according to reports to WHO and UNICEF, survey results and WHO 
and UNICEF estimatesa

UNICEF, United Nations Children’s Fund.
a  Fig. 1 illustrates several heuristics, as follows:

1982: Beginning of national immunization programme. Estimates based on reported data.
1983–1984: Estimates based on interpolation between 1982 and 1985 reported data.
1985: Estimate based on reported data supported by 1986 survey results.
1986: Estimate based on survey results. Reported data inconsistent between WHO and UNICEF and sudden 
increases and decreases unexplained.
1987–1990: Estimates based on interpolation between 1986 and 1991 survey results. Reported data are internally 
inconsistent between WHO and UNICEF and not consistent with survey results.
1991: Estimate based on survey results.
1992–1995: Estimates based on reported data which are consistent between WHO and UNICEF and supported by 
survey results in 1991 and 1997.
1996: Estimate reported data supported by survey results.
1997–2001: Estimate based on interpolation between 1996 and 2002 survey results. Reported data internally 
inconsistent between WHO and UNICEF and not consistent with survey data.
2002: Estimate based on survey results.
2003–2007: Estimates extrapolated from 2002 survey results. Improvement in reported data not validated by 
second method (e.g. survey and quantitative review).
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above, the heuristics used constrain 
but do not uniquely determine the 
estimate. Subjectivity arises primarily 
in (i) the choice of rules and (ii) decid-
ing which rule should apply in a given 
circumstance. We have no theoretical 
foundation for selecting rules and 
no validation of their reliability; the 
choices have been based on appeals to 
rationality, consistency and the lack of 
alternatives that produce more reason-
able estimates. We are currently formal-
izing the rules to provide more explicit, 
consistent and replicable grounds for 
our estimates.

Current estimates are seriously 
limited by the absence of any articula-
tion of uncertainty; as presented, they 
appear equally precise and certain. The 
uncertainty in the estimates is rooted in 
the accuracy and precision of the em-
pirical data (described above) and in the 
choice and application of the heuristics 
(model-based uncertainty). Because 
the estimates are not based on a prob-
ability sample and multiple measures 
are not considered as random variants 
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Cobertura 
vacunal 

(administrativa) 
estimada por 
OMS-UNICEF: 
México, 2004 a 

2015

http://www.who.int/immunization/monitoring_surveillance/routine/coverage/en/index4.html

http://www.who.int/immunization/monitoring_surveillance/routine/coverage/en/index4.html
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Efectos: ideales vs. observables

Eficacia 

Resultados en 
condiciones ideales

Efectividad 

Resultados en 
condiciones reales

Cobertura 
Oportunidad 

Dosis suficiente 
Inmunidad 

Comportamientos 
Contactos 

Comorbilidad 
Contraindicaciones
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Efectividad: directa, indirecta, total, general

Panozzo, C. A., et al. Am J Epidemiol, 2014; 179(7): 895–909. basado en: 
Halloran, M. E., et al. Study designs for evaluating different efficacy and effectiveness aspects of vaccines. Am J Epidemiol, 1997; 146(10): 789–803

recommended by the Centers for Disease Control and Pre-
vention (Atlanta, Georgia), and 2 vaccines are marketed in
the United States (5). The pentavalent rotavirus vaccine
(RV5), RotaTeq (Merck & Co., Inc., Whitehouse Station,
New Jersey), administered orally in 3 doses at ages 2, 4,
and 6 months, has been licensed since February 2006, and
the monovalent rotavirus vaccine (RV1), Rotarix (Glaxo-
SmithKline Biologics, Research Triangle Park, North Caro-
lina), administered orally in 2 doses at ages 2 months and 4
months, has been licensed since April 2008.
We compared direct, indirect, total, and overall rotavirus

VE estimates for the prevention of rotavirus gastroenteritis
(RGE) and acute gastroenteritis (AGE) hospitalizations
from 2007 to 2010 to determine how these 4 VE estimates
varied through the years after vaccine introduction. We also
examined how the absolute number of gastroenteritis hospi-
talizations varied through the years.

METHODS

Data source

The MarketScan Research Databases (Truven Health An-
alytics, Inc., Ann Arbor, Michigan) contain data from more
than 111 million individuals throughout the United States
with commercial health insurance. In 2010, the database in-
cluded approximately 920,000 infants, corresponding to ap-
proximately 25% of the US birth cohort and 50% of the US
birth cohort with commercial insurance (6, 7).

Design and population

Data on infants with continuous insurance enrollment dur-
ing infancy, at least 1 outpatient claim for any service or

diagnosis, and an International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM), code for
a livebirth between May 1, 2000, and April 30, 2005, or May
1, 2006, and April 30, 2010, were extracted from the data-
bases (Table 1). If an infant or mother had a claim for a live-
birth on multiple dates within a short period of time, the date
of the first claim was used as the birth date. Follow-up for
RGE began when infants turned 8 months of age and contin-
ued until a maximum age of 20 months. Infants younger than
8 months and infants receiving doses of rotavirus vaccine
after 8 months were excluded so that rotavirus vaccine status
could be treated as a single point exposure.
Infants with commercial insurance who failed to receive

vaccines with high coverage rates (≥95%) may differ from
infants receiving such vaccines with respect to unmeasured
confounding factors, so we required all infants in our study
to be vaccinated with at least 1 dose of diphtheria, tetanus,
and acellular pertussis vaccine using Current Procedural Ter-
minology codes (8).

Outcome, exposure, and covariate measurements

Outcomes of RGE and AGE were identified using ICD-9-
CM codes. Any of the 15 diagnosis fields in the inpatient files
of the databases was used to capture the ICD-9-CM code
008.61 for gastroenteritis due to rotavirus. Rotavirus-coded
events underestimate the true burden of rotavirus disease be-
cause of lack of routine laboratory testing and coding; there-
fore, we performed sensitivity analyses, assuming 25% and
50% sensitivity of the 008.61 code (9, 10), and extracted
and examined outcomes related to AGE (11–13). Emergency
department and outpatient visits for RGE and AGE were not
included in the analysis.

2. Vaccinated population
(after introduction of vaccine)

2A. Hazard   
of disease in 
unvaccinated 

individuals

2B. Hazard   
of disease in
vaccinated 
individuals

1A. Hazard of
disease in

unvaccinated 
individuals

1. Unvaccinated population
(before introduction of vaccine)

Indirect

Direct

Total

Overall

VE = (1 – 2A / 1A) x 100

VE = (1 – 2B / 1A) x 100

VE = (1– (2A,2B) / 1A) x 100

VE = (1 – 2B / 2A) x 100

Figure 1. Types of vaccine effectiveness as described by Halloran et al. (1). A vaccinated population will still have some individuals within the
population who are unvaccinated because 100% vaccination coverage is generally never achieved. VE, vaccine effectiveness.

896 Panozzo et al.

Am J Epidemiol. 2014;179(7):895–909
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Vacuna dengue, CYD-TDV: eficacia heterogénea

Serotipo 1

Serotipo 2

Serotipo 3

Serotipo 4

Cualquier serotipo

Eficacia estimada, %
0 25 50 75 100

País
n

Eficacia, % Seropositividad 
base, %medi

a
IC95%

Total 20,869 65 59 70 79
Brasil 3,548 78 67 85 74

Colombia 9,743 68 58 75 92
Honduras 2,799 71 57 81 86
México 3,464 31 1 52 53

Puerto Rico 1,315 58 -2.5 83 56

Villar L, et al. Efficacy of a Tetravalent Dengue Vaccine in Children in Latin America. New Engl J Med. 2015; 372:113-123

Eficacia estimada de CYD-TDV contra dengue clínico 
virológicamente confirmado
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 %
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100

Seroprevalencia DENV
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Nuevas vacunas, nuevos retos: seguridad y eficacia

Bull World Health Organ 2016;94:850–855 | doi: http://dx.doi.org/10.2471/BLT.15.168765

Policy & practice
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Dengue vaccine: local decisions, global consequences
Hugo López-Gatell,a Celia M Alpuche-Aranda,a José I Santos-Preciadob & Mauricio Hernández-Ávilaa

Introduction
Complex political, social and ecological factors drive dengue 
dynamics and hinder dengue control.1,2 A safe, effective and 
affordable dengue vaccine that is tetravalent – i.e. effective 
against all four serotypes of the dengue virus – has long been 
sought. CYD-TDV – a chimeric tetravalent, live-attenuated 
dengue vaccine – was developed by Sanofi Pasteur (Lyon, 
France) and recently licensed, for use in individuals aged 
9–45 years, in five low- or middle-income countries: Brazil, 
Costa Rica, El Salvador, Mexico and Philippines.3

On 15 April 2016 the World Health Organization’s 
(WHO’s) Strategic Advisory Group of Experts on Immuniza-
tion – hereafter called the advisory group – recommended that 
countries should consider implementation of CYD-TDV in 
national or subnational territories where at least 70% of the 
members of the age group targeted for vaccination are sero-
positive for dengue virus.4 The advisory group also discouraged 
the vaccine’s use in areas where less than 50% of the members 
of the targeted age group are seropositive.4 Before making these 
recommendations, the advisory group thoroughly analysed the 
published evidence of the vaccine’s safety and efficacy5 as well 
as relevant unpublished information that had been provided, 
on request, by Sanofi Pasteur. Although much of this analysis 
focused on the results of two large-scale, multicentre, Phase-
III clinical trials,6–8 part of it was based on the comparative 
modelling of the potential public health impact of CYD-TDV’s 
deployment.9 The advisory group indicated that the vaccine 
should only be deployed as one of a set of dengue control 
measures that also included functional programmes of vector 
control and robust surveillance. The advisory group left it to 
individual countries to assess whether their local priorities 
reasonably justified the deployment of CYD-TDV.

Resolutions made by national regulatory authorities on 
licensing new vaccines – and by national health authorities 
on implementing such vaccines – can influence the global 
regulatory framework for vaccines and the global systems of 
vaccine delivery. The recent licensing of CYD-TDV has chal-

lenged the capacity of countries to decide if, when and how 
they should deploy this vaccine and whether they have – or 
can soon develop – the capability to monitor the vaccine’s 
performance in the field. The latter capability appears essential 
given current concerns – discussed below – over the vaccine’s 
partial efficacy and long-term safety and the duration of the 
immunity that it creates.

We worry that the licensing of CYD-TDV in one country 
may encourage the too rapid licensing of the vaccine in other 
countries that have weaker regulatory capacity. Although the 
related recommendations of the advisory group are valuable, 
they may be based on the optimistic assumption that all of 
the countries where CYD-TDV might be deployed are able to 
assess the risks and benefits of such deployment adequately 
and to respond well to any adverse effects – including those 
that only become apparent in the long term.

Efficacy of CYD-TDV
Although the results from randomized clinical trials have il-
lustrated the merits of CYD-TDV, they have also revealed the 
vaccine’s partial and heterogeneous efficacy in the prevention 
of dengue disease.5 Analyses of the trials’ pooled data indicated 
that, within 2 years of the first injection, the vaccine was mod-
erately efficacious (mean: 60.3%; 95% confidence interval, CI: 
55.7–64.5%) at protecting against symptomatic virologically 
confirmed dengue. However, efficacy varied substantially – and 
sometimes fell to zero – according to the vaccinated individ-
ual’s age and dengue serostatus at the time of vaccination and 
the infecting dengue serotype. Among individuals who were 
aged 9–16 years when first vaccinated, the estimated pooled 
efficacies of the vaccine were 81.9% (95% CI: 67.2–90.0%) and 
52.5% (95% CI: 5.9–76.1%), respectively, for those who were 
seropositive for dengue and those who were seronegative – i.e. 
dengue-naïve – when first immunized. The corresponding 
efficacies for children who were younger than 9 years when 
first vaccinated were lower: 70.1% (95% CI: 32.3–87.3%) and 
14.4% (95% CI: −111.0–63.5%), respectively. These findings 

Abstract As new vaccines against diseases that are prevalent in low- and middle-income countries gradually become available, national health 
authorities are presented with new regulatory and policy challenges. The use of CYD-TDV – a chimeric tetravalent, live-attenuated dengue 
vaccine – was recently approved in five countries. Although promising for public health, this vaccine has only partial and heterogeneous 
efficacy and may have substantial adverse effects. In trials, children who were aged 2–5 years when first given CYD-TDV were seven times 
more likely to be hospitalized for dengue, in the third year post-vaccination, than their counterparts in the control group. As it has not been 
clarified whether this adverse effect is only a function of age or is determined by dengue serostatus, doubts have been cast over the long-
term safety of this vaccine in seronegative individuals of any age. Any deployment of the vaccine, which should be very cautious and only 
considered after a rigorous evaluation of the vaccine’s risk–benefit ratio in explicit national and subnational scenarios, needs to be followed 
by a long-term assessment of the vaccine’s effects. Furthermore, any implementation of dengue vaccines must not weaken the political and 
financial support of preventive measures that can simultaneously limit the impacts of dengue and several other mosquito-borne pathogens.

a National Institute of Public Health, Avenida Universidad 655, Santa María Ahuacatitlán, Cuernavaca, 62100, Mexico.
b Division of Experimental Medicine, National Autonomous University of Mexico, Mexico City, Mexico.
Correspondence to Mauricio Hernández-Ávila (email: mhernan@insp.mx).
(Submitted: 29 December 2015 – Revised version received: 23 June 2016 – Accepted: 5 July 2016 – Published online: 7 September 2016 )
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López-Gatell H, Dengue vaccine: local decisions, global consequences. Bull World Health Organ. 2016;94(11):850–5. 



Infecciones inmunoprevenibles:  
algunos retos en la fase de eliminación
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Sarampión en México: fase final
Casos notificados e incidencia anual de sarampión. México, 1935 - 2010
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• Inicio: diciembre 2014 

• Sitio inicial: Disneylandia, Orange, California


• Evolución (2 abril 15):


• 111 casos / 101 (91%) confirmados


• Genotipo B3


• Antecedente de vacunación


• No vacunados: 71 (45%)


• Desconocido: 60 (38%)


• Vacunados: 28 (18%)
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Sarampión: brote EUA, diciembre 2014

Proporción de casos de sarampión residentes 
de EUA, por razón para no recibir la vacuna 

contra sarampión — EUA, 4 enero – 2 abril, 2015

MMWR, 2015. 64(14);373-376
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Eliminación: retos de vigilancia, fases media y final

Adaptado de: Petra Klepac et al. Phil. Trans. R. Soc. B 2013;368:20120137

Atributo Fase media Fase final Observaciones

Susceptibles Equilibrio Extinción local • Brotes masivos tras la luna de miel 
postvacunal

Percepción de 
riesgo Alto Bajo

• Se estima riesgo bajo; infrecuencia de casos  
• Riesgo real es alto por acumulación de 

susceptibles

Aceptabilidad 
de vacuna Alta Baja • P(evento adverso) > P(daño por enfermedad)

Edad media de 
infección Niños Jóvenes y 

adultos

• La vacunación se dirige a niños 
• Ausencia de brotes: bolsas de susceptibles 
• Personas con fallos vacunales envejecen



• Largo periodo de baja incidencia 
inmediatamente después de campañas 
de vacunación

• Población susceptible: extinción local o 
reducción debajo del umbral de 
propagación

• Reemplazo de susceptibles más lento que 
la vacunación

• Heterogeneidad geográfica de la 
transmisión

17

Luna de miel postvacunal

McLean AR, Anderson RM. Measles in developing countries. Part II. The predicted impact of mass vaccination. Epidemiol Infect. 1988 Jun;100(3):419–42.  
Chen RT, Weierbach R, Bisoffi Z, Cutts F, Rhodes P, Ramaroson S, et al. A “post-honeymoon period” measles outbreak in Muyinga sector, Burundi. Int J Epidemiol. 
1994 Feb;23(1):185–93. 
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Vacunas y epidemias:  
desconfianza y reemergencia

WHO. Vaccine Safety an e-learning course. http://vaccine-safety-training.org/vaccine-safety-in-immunization-programmes.html

http://vaccine-safety-training.org/vaccine-safety-in-immunization-programmes.html
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Eliminación: retos en las fases media y final

Adaptado de: Petra Klepac et al. Phil. Trans. R. Soc. B 2013;368:20120137

Atributo Fase media Fase final Observaciones

Vigilancia 
epidemiológica

Poblaciones típicas 
y cautivas

Poblaciones 
atípicas de difícil 

acceso

• La sensibilidad del monitoreo decrece  
• Vigilancia de eventos y paquetes 
• Enfasis en riesgos, no en desenlaces

Inmunidad 
poblacional

Exposición a casos 
brinda refuerzo 
inmune natural

Rara o nula 
exposición a casos; 
sin refuerzo inmune

• La proporción cobertura vacunal necesaria 
incrementa (proporcional a R efectiva)

Mutagénesis Baja presión de 
selección

Alta presión de 
selección

• Mutación adaptativa, diversidad antigénica, 
escape vacunal. Selección diferencial: pseudo-
emergencia de varialntes menores 

Reservorios de 
enfermedad

Típicos y 
accesibles

Atípicos e 
inaccesibles 

• Mayor frecuencia relativa en “no vacunables” 
• Nuevos escenarios de transmisión 
• Fuentes atípicas conglomeran



• Vigilancia convencional es simplista e inefectiva


• Heterogeneidad del riesgo


• Poblaciones susceptibles atípicas


• Dinámica espacio - temporal: patrones inusuales


• Zonas ciegas: poblaciones ultramarginadas, 
prisiones, migración internas y externa (nacional y 
transnacional), etc.


• Sobreestimación de cobertura por uso de falsos 
denominadores

20

Fase final de eliminación: retos vigilancia



• Inteligencia epidemiológica integrada


• Magnitud de la susceptibilidad poblacional


• Características: predictores de riesgo 

• Basales, umbrales y disparadores: 
calibración y monitoreo


• Dinámica espacio - temporal: modelación 
predictiva


• Cobertura vacuna y de otros servicios de salud 
pública: prevención, control, mitigación


• Objetos de vigilancia ultrasensibles: 
síndromes, eventos y contextos


• Alerta temprana y vigilancia activa


• Oteo programado (encuestas serológicas): 
general y focalizado


• Vigilancia participativa y desmedicalizada: 
escuela, mercado, plaza pública, trabajo, 
transporte, etc.


• Redes estructuradas de información

21

Inteligencia epidemiológica: métodos y objetos
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Contagio: el periodo asintomáticoSarampión:*caracterísAcas*epidemiológicas

4

Incubación Contagio Fiebre
Pródromos Exantema

Fuente:+Heyman,+D.+El+control+de+las+enfermedades+transmisibles.+18ª+edición.+OPS/OMS,+2005
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