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2
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ESA/100275/2008) – Principal Investigator (PI) 

 

This project addresses a set of common clinical problems in the context of 

children attending day care centres. It is common sense that children get sick 

more often as soon as they start attending a day care centre on a daily basis 

and this is particularly true for some groups at risk, as wheezing infants and 

wheezing pre-school children. Concerning this, some questions remain unclear: 

1. The role of indoor air quality - what is the health impact of indoor air 

environment (including indoor pollutants, house dust mite, 

temperature and humidity) in wheezing children? 

2. The role of virus infections - We don’t know the real role of virus 

infections in respiratory conditions at day care centre level. There is a 

lack of information concerning how indoor air environment influence 

virus infections. 

3. The role of building ventilation - what is the impact of building 

ventilation in the health of wheezing and non-wheezing children? 

How is ventilation affecting indoor air quality? How is ventilation of 

day care centres affected by the structure of the buildings? 

4. Social impact of this study - what should be the recommendations to 

improve IAQ? 

What is new in this project is the collaboration of a health team (medical 

doctors and other health professionals) with environment specialists, 

mechanical, civil engineers, epidemiologists and statisticians. 
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ENVIRH Project Framework and Objectives 
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2
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The objectives of the ENVIRH study were the following: 

1. To study the role of indoor air quality on children's health  

2. To measure ventilation in buildings of children day care center – what 

determines the ventilation of spaces?  

3. How is children’s health affected by ventilation of spaces? 

4. The role of viral infections – What viruses affect these children? 

5. Social impact study – recommendations? 

Methods 

The project was designed to be carried out in two different phases with several 

tasks in each. During phase I, in order to get a more representative sample of 

our population, data was collected on building characteristics, some 
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preliminary Indoor Air Quality (IAQ) indicators and on respiratory diseases 

using a small screening health questionnaire. 45 Children Day Care Centres 

(CDCC) were selected in this phase. From the lists provided by the authorities, 

CDCCs were selected from two major cities (Lisbon and Oporto). In each CDCC, 

children were selected using a stratified random sampling method. In total, 25 

CDCCs were selected in Lisbon (out of 48) and 20 (out of 40) in Oporto. For 

phase II, CDCCs were selected after performing a cluster analysis based on 

“low-risk” and “high-risk” buildings groups defined using ventilation surrogate 

markers measured in phase I, thus ensuring a sample with which we could 

more successfully detect differences.  

Phase I 

All children in the included CDCCs were selected for health screening, 

comprising a target population of 5,161 children.  

Technicians visited all CDCCs to collect data on building characteristics 

according to a thorough standard checklist made for the study. The items about 

which data was recorded included: type of building; construction year; area; 

type of surroundings; building envelope; ventilation type; building heating and 

air conditioning (strategies and fuel); water heating (device and location); 

cooking; past records and visual inspection for mold and dampness sites; 

occupant practices regarding climatization and ventilation on different seasons; 

and user perceived quality of climatization comfort and air quality on different 

seasons. 

IAQ analysis included measurements of CO2, which were considered surrogates 

for ventilation and also temperature and humidity in different compartments. 

These measurements took place at different hours of the day, after allowing 10 

minutes at the beginning of each of them for equipment stabilization. 

Measurements were taken during a period of day care center activity. Room 

occupancy during the measurement period was also registered. In average, 3 
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rooms in each DCC were included in the sample for feasibility. After analyzing 

building characteristics, the selected rooms were those with a higher 

occupancy rate and for which a lower ventilation rate was expected.  

Respiratory health status was assessed through the application of a short forms 

derived from the ISAAC (International Study of Asthma and Allergies in 

Children) questionnaire. Questionnaires were handed out to parents by the 

CDCC staff who collected them after they were filled out. 

Phase II 

Phase II consisted of two visits: visit 1 – Spring (taking place between March 

and April 2011) and visit 2 - Winter (between November 2011 and February 

2012).  

All children (n = 2,287) in the selected CDCCs were included and questionnaires 

distributed as per phase I.  

The study was carried out at typical occupation conditions, during everyday 

activities and comprised the monitoring of chemical (carbon dioxide, carbon 

monoxide, formaldehyde, total volatile organic compounds and PM10) and 

biological (bacteria, fungi and house-dust mites) contaminants, as well as 

thermal comfort parameters. 

The effective total air change per hour was determined using passive samplers 

and homogeneous emission of perfluorcarbon tracers (PFT). This method 

allows measurement of ventilation over long periods of time because sample 

volume requirements are very low: sample units don’t interfere with daily 

activities and measurements can be made at the lab instead of on-site.  

Respiratory health was evaluated at baseline through the application of the full 

version of the ISAAC questionnaire and at two other time points through the 

application of a follow-up questionnaire: one month after visit 1 and during 

visit 2.  
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Airway inflammation markers (condensate pH and total nitrites/nitrates) were 

measured in breath condensate collected during 15 minutes using an RTube 

(Respiratory Research Inc., Austin, TX, USA).  

Caregivers had been provided a phone number to which they could call, 

without charge, to report suspected respiratory infection to the study team. 

After each call, the medical team collected swab samples from the oro- and 

naso-pharynx of the ill children. Samples were tested for the following viruses: 

Adenovirus, Influenza A and B, Parainfluenza 1-4, Respiratory syncytial virus, 

Rhinovirus, Enterovirus, Human metapneumovirus, Human bocavirus and 

Coronavirus.  

Parental stress evaluation was performed through questionnaires. These were 

based on instruments validated for Portugal. The questionnaires evaluated 

whether psychological (anxiety/depression), parental (parenting stress and life 

events) and marital (satisfaction) dimensions vary as a function of child disease 

variables. Child stress level was evaluated by measuring 24h urine samples 

cortisol levels from children aged 4-6 years old. Urine samples were collected 

and questionnaires filled in the same week. During visit 1, urines were collected 

from 127 children. During visit 2, only 98 of those 127 accepted to provide a 

second urine sample. 

The project was submitted to and approved by the following authorities: the 

Ethics Committee from Faculdade de Ciências Médicas, the National 

Committee on Data Protection, the Social Security Institute and national 

authorities representing solidarity institutions (Confederação Nacional de 

Instituições de Solidariedade e União das Misericórdias Portuguesas). The 

selected CDCCs have only been included in the study after approval by their 

respective board of administration. Children were included only when 

caregivers signed informed consent. 
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Data gathered during the whole duration of study were recorded on a 

Microsoft Access
TM

 database. This database file was specifically constructed for 

the project by the research team so that several data tables were associated, 

thus accommodating the large amount of data inputted while allowing 

variables from different evaluations to be analyzed, compared and tested for 

associations together. Data input was centralized on a few people and verified 

by a project researcher to ensure that all records were made correctly. 

An exploratory analysis of the variables of interest were carried out using 

classical descriptive statistics to calculate frequencies, means, medians and 

associated dispersion measures and confidence intervals for population 

demographics, CDCC characteristics, exposure values and health parameters. 

These were followed by more complex statistical methods such as regression 

models that considered the structure of dependence between individuals 

within the same class/institution. Parameters of these models were estimated 

through mixed effects models. In Phase I, two-level logistic random-intercept 

models were used to take into account CDCCs. In Phase II, three-level logistic 

random-intercept models were used, as children were nested in rooms and 

classrooms were nested in CDCCs.  

The software CONTAM (version 3.0.1.1) was used to model the airflow in the 

CDCCs. It is considered that the air permeability of the envelope is due just to 

windows and doors and the measured air permeability is extrapolated 

considering the length of the opening joint and, when relevant, the dimension 

of the gap between the casement and the ground sill.  

In order to simulate the ventilation conditions corresponding to CO2 gas tracer 

tests, steady-state conditions, the weather data and PFT results are considered. 

The model is then used to sequentially calculate ventilation changes in different 

situations: opening or closing doors/windows in different combinations, 

changing the ventilation sources and schedules.  
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4
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5
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The relation between building physical characteristics and indoor environment 

in children day care centers (CDCC) has received increased attention in the past 

decades due to the importance of the respiratory illness of children. Although it 

is well known that poor ventilation of enclosed spaces contributes to spread 

bacteria and viruses, there is a lack of studies reporting on the measurement of 

ventilation rates in day care centers in Portugal. 

This abstract presents a synthesis on airchange rates features investigated in a 

number of 16 CDCC´s located in the cities of Lisbon and Oporto using a passive 

tracer gas technique which uses perfluorocarbon tracer gases. The 

observational survey was carried out during January 2012, during which time 

ventilation measurements were performed in 9 CDCC of Oporto and 7 of 

Lisbon. In average, six activity rooms were monitored during a period of two 

consecutive weeks in each CDCC, according to children age group category and 

feasibility from the point of view of application of the PFT technique. 

In an earlier phase of the study, information on parameters that can impact the 

comfort and ventilation characteristics was collected, including type and year of 

construction of buildings, type of windows (glazing and frame types, gaskets 

and moving leaf types) type of ventilation system (natural, mechanical, hybrid), 
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heating and air conditioning devices and user habits regarding ventilation 

strategies. 

The application of the PFT technique has shown very low air change rates that 

varied between 0.04 h
-1

 and 1.18 h
-1

 in Oporto and between 0.01 h
-1

 and 0.41 h
-

1
 in Lisbon, with the median values of 0.2 h

-1
 and 0.13 h

-1
, respectively. On the 

basis of the previous collection of information on parameters that can impact 

the ventilation characteristics, statistical analyses to explore the association 

between windows characteristics and air change rates were possible to 

perform.  

A significant association was found between air changes per hour and type of 

moving leaf (casement, sliding or tilting) and between air changes per hour and 

type of gaskets (with or without). It was also found a significant association 

between air change rates and window frame material (wood or aluminium & 

steel), but this was expected since traditionally wooden frames are not 

equipped with gaskets.  

Overall this study was able to show that CDCC have ventilation rates below the 

minimum design value of 0.6 ACH indicated by national regulation as default to 

avoid poor IAQ and that traditional wood frame window are more sensitive to 

air changes than modern windows equipped with gaskets. At the same time, 

the study calls for adequate strategies to improve ventilation in CDCC. 
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Assessment of Indoor Air Quality 
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The growing concern about indoor air quality results from the knowledge that 

exposure to indoor air pollutants may be higher than outdoor air exposure. In 

developed countries, after their homes, the children day care center (CDCC) is 

the place where children spend most of their time, so it is essential to 

understand how environmental factors influence children respiratory health. 

The aim of ENVIRH (Environment and Health in children day care centres) 

project is to gather information on indoor environment in CDCC in order to 

correlate it with both ventilation and children’s health. 

This document describes the results from field measurements of physical 

parameters, chemical and biological indoor contaminants in 19 CDCC located in 

Lisboa and Porto. Associations between building characteristics and indoor air 

quality parameters were determined taking the season into account. Chemical 

contaminants (carbon dioxide, carbon monoxide, formaldehyde, total volatile 

organic compounds – TVOC and PM10), biological contaminants (bacteria, fungi 

and house-dust mites) and thermal comfort parameters were monitored during 

routine activities between March 2011 and February 2012. 

Most of the CDCC revealed carbon dioxide and bacterial levels above the 

reference levels defined by the Portuguese legislation. An association was 

found between carbon dioxide and bacteria, both in spring and winter. 

Nurseries presented lower bacterial concentrations than activity rooms. Lower 

differences between indoor and outdoor carbon dioxide were achieved in 
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rooms with tilting windows when compared with rooms with other type of 

windows. Indoor PM10 levels were higher indoors when compared with outdoor 

levels (I/O ratio>1) and are influenced by the floor covering material. Higher 

levels of formaldehyde were found in recent and refurbished CDCC. In spring 

were obtained higher concentrations of house dust mites in dust with 16% of 

the rooms surpassing the sensitization threshold. Fungal concentrations were 

generally below the maximum acceptable concentration defined by the 

Portuguese legislation. There could be some discomfort for the body as a whole 

among children due to the thermal environment as a result of a cool sensation.  

This study highlights the need to improve CDCC indoor environmental quality 

conditions in order to achieve a healthier indoor environment for children. 
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The project “Environment and Health in children day care centers” (ENVIRH), 

where this study is nested, is a multidisciplinary project with the purpose of 

studying the health impact of indoor air environment in children in day care 

centers. One of the key points of this project was the study of the role of viral 

respiratory infections at day care center level, particularly influenza. To 

accomplish this, the study included parents´ phone contact to the research 

team whenever a child had symptoms of respiratory infection, in order to 

collect respiratory samples for virology analysis. The main objective of this 

study was to test the compliance of the parents to this report system and to 

see if this strategy would improve the detection, in pre-school children, during 

epidemic periods, when compared with current surveillance systems for 

influenza. The detection of other circulating respiratory viruses was the second 

objective of the study. 
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In the second year of the study, the circulating viruses at day care centers were 

compared with the detected viruses in children who attended a Hospital 

Emergency Department with respiratory infections. This Hospital approach 

would also test influenza detection by an Emergency Department team and 

would allow comparison with the results of the National Program, which also 

includes several hospitals. 

Real-time PCR and RT-PCR were performed for influenza A and B, parainfluenza 

1-4, adenovirus, human metapneumovirus, respiratory syncytial virus A and B, 

rhinovirus, enterovirus, group 1 coronaviruses, group 2 coronaviruses and 

human bocavirus.  

One hundred children were included, 64 from the day care centers and 36 from 

the Hospital. Overall, 79 samples were positive for at least one respiratory 

virus. Influenza A (H3) was the virus most frequently detected: twenty-five 

cases, 20 of these in children under five years of age (10 from day care centers 

and 10 who went to the hospital) which was higher than those reported by the 

National Influenza Surveillance Programme for this age.  

In conclusion, the results obtained in this study suggest that a surveillance 

system based on parents´ report could complement the implanted system of 

the National Influenza Surveillance Program, improving significantly the 

number of viral detections in young children. All the respiratory viruses 

searched in this study were found to circulate in the community, at least in one 

of the periods, causing acute respiratory infections in young children that were 

usually mild, but responsible for keeping most of the children and parents at 

home and, in some cases, for a Hospital consultation or even hospitalization. 
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Ventilation Strategies for Indoor Air Quality Improvement 
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Physical modeling of ventilation is strongly dependent on the characteristics of 

the building and the precise evaluation of such characteristics is a complex and 

time consuming work. As part of this research project, two CDCC have been 

selected in order to measure the envelope air permeability, the flow rate of 

mechanical ventilation systems and indoor and outdoor temperature. This data 

was used as input of CONTAM computer code for ventilation simulation. The 

results were compared with direct measurements of ventilation flow (short 

term measurements with CO2 tracer gas and medium term measurements with 

PFT method). After validation, this model is used to predict the ventilation rates 

under a range of weather conditions in order to perform a sensitivity analysis of 

the main parameters that affect ventilation. The purpose of this assessment 

was to find the best practices to improve natural ventilation avoiding impairing 

the indoor comfort. 

The following conclusions can be drawn: 

1. The good agreement obtained between the simulation results and 

the short term CO2 tracer gas measurements and the medium term 

PFT measurements sustain the validity of simulations input data. 

Therefore, it is expected that further predictions are representing the 

real ventilation performance of the buildings. 

2. For both CDCC the wind is the main natural action to drive 

ventilation. 
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3. In general is much more effective for ventilation purposes to open the 

windows and doors during the day because the wind action is 

stronger. 

4. For mechanical ventilation the flow rate obtained is higher than the 

design flow rate due to infiltrations and external actions (mainly the 

wind). 

5. For natural ventilation systems the ventilation flow rate show high 

variation from activity room to activity room due to the envelope air 

permeability. 

6. Contamination between rooms is shown to be quite important; the 

design of a natural ventilation system with conduits is shown to be 

very successful in reducing that contamination. 

7. Predictions show that for these CDCC wind driven cross-ventilation 

may have performance equivalent to mechanical ventilation. 

8. The adoption of a ventilation system (natural or mechanical) minimize 

the impact of outdoor conditions (weather and noise) in indoor 

comfort (thermal and acoustical) and reduces the disturbances in 

activity room due to noise emitted from other rooms of the CDCC. 

The performance may be adjusted adopting the adequate design 

requirements. 

9. When a ventilation system (natural or mechanical) is not installed in 

CDCC building, procedures of opening external windows and internal 

doors should be adopted in order to ventilate the activity rooms. In 

order to reduce the discomfort, the windows and doors shall be kept 

opened while children are outside the activity rooms. It is desirable to 

open doors and windows at any activity break. 
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In order to evaluate the association between IAQ and health outcomes 

regression models that considered the structure of dependence between 

individuals within the same classrooms were used. Parameters of these models 

were estimated through mixed effect models. Crude and adjusted odds-ratios 

(OR) with 95% confidence intervals (95 % CI) were estimated. They included: 

age (in years), gender, personal history of atopic dermatitis (used as a 

children’s atopy marker), parental history of allergic respiratory disease 

(defined as the presence of asthma or allergic rhinitis), parental education 

(primary or secondary versus high school or university), parental smoking 

exposure and existence of older siblings, dampness at home, pets at home, 

birth and gestational weight, and home surroundings.  

In Phase I were included 3186 questionnaires and in Phase II were considered 

1196questionnaires. 
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The main results were: 

• CO2 at day care centers was associated to wheezing in the previous 12 

months (in Phase I). 

• Each increase of 100 µg of TVOCs was associated with 5% more odds 

of reporting wheezing, after adjusting for confounders. 

• Each increase of 1 µg of house dust mite (HDM) was associated with 

higher odds of reporting wheezing, after adjusting for confounders. 

• Each increase of 1 µg of house dust mite (HDM) was associated with 

higher odds of had needed an emergency department visit due to 

wheezing, after adjusting for confounders. 

• Each increase of 1 µg of house dust mite (HDM) was associated with 

higher odds of had needed an antibiotic in the last 12 months, after 

adjusting for confounders. 

• Both effects of TVOCs and house dust mite were associated with 

higher odds of reporting wheezing, after adjusting for confounders. 

• Day care centers which presented increments of 0,1 air change per 

hour were associated with higher odds of reporting wheezing, after 

adjusting for confounders. 

• TVOCs were the only IAQ parameter associated with airways 

inflammation (nitrites on the exhaled breath condensate). 

Parental stress was also assessed in the scope of ENVIRH through a validated 

questionnaire. The results so far show that mother’s anxiety was associated 

with the number of wheezing episodes, emergency room attendance and 

antibiotic intake. The mother-child interaction was associated with the number 

of missing days to the children day care center. 
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The production of recommendations is the final task of this project. They are 

based on the results and try to answer the following questions: 

– How to decide if a child should attend a children day care center 

(CDCC)? 

– How does time of attendance of a CDCC affect health? 

– How to choose the CDCC? 

– What CDCC characteristics interfere with health? 

They are addressed to the public and to professionals and concern existing 

buildings and new buildings.  

From the results of this project the following conclusions can be summarized as 

follow: 

From Phase I, each increase of 200 ppm of CO2 is associated with 4% more 

probability of reported wheezing. 

From Phase II, poor ventilation in Children Day Care Centers (CDCC) is 

associated with a higher probability of wheezing; Indoor Total Volatile Organic 
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Compounds (TVOCs) are associated with a higher probability of wheezing, more 

severe wheezing episodes and airways inflammation; house dust mites at 

CDCCs are associated with a higher probability of wheezing, need for 

emergency department visits and increased intake of antibiotics; finally, 

children disease is associated with parental stress. 

The observations concerning existing buildings included high levels of CO2, high 

levels of TVOCs, high levels of house dust mites, high levels of formaldehyde in 

refurbished rooms and poor ventilation.  

From Phase III (simulation of ventilation strategies), we can conclude that it is 

possible to improve indoor air quality (IAQ) by ventilation, using mechanical 

ventilation, using natural cross ventilation and, in the absence of a ventilation 

system, adopting schedule procedures involving opening external windows and 

internal doors. 

Recommendations can be summarized as follows: 

1 – Recommendations to the public 

How to decide if a child can attend a CDCC – be careful if the child belong to a 

risk group. Ask for medical advice! 

2 – Recommendations to professionals 

Being human metabolism the main source of CO2, we recommend reduction of 

CDCCs occupancy according to legislation; bacteria and other bioefluents are 

also affected by occupancy, should lead to the same recommendation; tobacco 

smoke is another source of high levels of CO2, CO and formaldehyde so CDCCs 

must be smoking free places; heating systems based on combustion are also 

sources of CO and CO2 and care should be taken in order to avoid release of 

combustion products into CDCC premises. 
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Concerning TVOCs and formaldehyde, the main source in new buildings are 

construction materials (insulating materials, pressed woods) and so buildings 

should not be used immediately occupied after construction. Ventilation should 

be promoted before use. In old buildings, the main source of TVOCs is human 

occupancy and its activities as cleaning materials, cosmetics and others. The 

recommendation is to clean at evening and promote room ventilation before 

occupation. 

To avoid accumulation of high levels of house dust mites, cleaning should be 

promoted frequently, humidity should be controlled and appropriate 

mattresses and pillows should be used. Rugs should be properly washed and 

aerated and carpets should be avoided. 

3 – Recommendations to existing buildings concerning ventilation strategies 

There are three ways to increase indoor ventilation: using mechanical 

ventilation; using natural cross ventilation and adopting scheduled procedures 

involving opening of external windows and/or internal doors. 

4 - Recommendations to new buildings concerning ventilation strategies 

In new buildings a ventilation system with outdoor admission inlets should be 

installed. Two strategies are available to regulate indoor ventilation: one is 

mechanical ventilation; the other, is natural cross ventilation, an appropriate 

strategy in a windy country like Portugal. It is recommended to seek for 

engineer advice. 
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This project addresses a set of common clinical problems in the context of 

children attending day care centres. It is common sense that children get 

sick more often as soon as they start attending a day care centre on a daily 

basis and this is particularly true for some groups at risk, as wheezing 

infants and wheezing pre-school children.  

So, this project attempts to answer some questions, such as: 

• The role of indoor air quality 

• The role of virus infections 

• The role of building ventilation 

With the main objective to develop recommendations to create healthier 

spaces. 
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