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Understanding how respiratory health risks are associated with housing is essential to designing 
effective strategies to improve children’s quality of life. A survey designed to determine the 
relationship between respiratory health and housing conditions was completed by 3,423 parents of 
grades 3 and 4  children in Winnipeg, Manitoba, Canada.  Air samples were then taken in the homes of 
a subset of 715 parents – one in the child’s bedroom and another in the basement – with an exterior 
neighborhood air sample as a control measure.  Finally, an engineering audit of each residence was 
conducted – including measurements of relative humidity, temperature, and moisture content of walls.  
Results indicate that: (a) Self-reported visible mould in the home is a significant independent predictor 
of persistent colds alone as well as of asthma in combination with persistent colds in children. (b) A 
high percentage of homes (64% of bedrooms, 65% of basements) in Winnipeg have mould CFU levels 
of ≥100/m3-- the most common genus type being Cladosporium. (c) Self-reported presence of visible 
mould in the home is significantly associated with measured CFU mould counts ≥ 100/m3, based on air 
samples taken from both the child’s bedroom and basement. (d) Presence of Cladosporium in both the 
child’s bedroom and basement is significantly associated with childhood asthma in combination with 
persistent cold symptoms. (e) Measurements of relative humidity and/or air temperatures in the child’s 
home are not reliable indicators of high mould CFU counts; moisture content in the walls has a small 
but significant association with mould CFU counts. The significance of these results for the respiratory 
health of children is discussed as well as policy directions for healthy housing.  
 
1.0 Introduction 
 
Housing, as a neglected site for public health action, has been identified in a number of recent 
publications (Dunn, 2002; Haverinen-Shaughnessy et al., 2006; Andriessen, Brunekreef & Roemer, 
1998; Spengler et al., 2004; Eman, 2002; Breysse et al., 2004; Bonnefoy et al., 2004; Bornehag et al., 
2004).   Housing, however, encompasses a very large range of factors, including biological (mould, 
cockroaches, dust mites, etc.), chemical (tobacco smoke, paints, etc.), and structural (water moisture, 
heat ventilation, AC, etc.). These make the quantitative evaluation of the impact of these factors on 
health difficult. In their “review of evidence on housing and health” presented at the Fourth Ministerial 
Conference on Environment and Health in Budapest, Hungary (June 2004), Bonnefoy et al. (2004) 
point out that the existing body of evidence on the relationship between housing and respiratory health 
remains insufficient.  
 
Although it is unclear whether indoor dampness causes or only aggravates preexisting respiratory 
conditions, such as asthma, (Breysse et al., 2004) a recent extensive European Community Respiratory 
Health Survey (ECRHS), involving 38 study centers, not only found a significant association between 
self-reported mould exposure and asthma symptoms in adults, but also a higher prevalence of asthma 
in centers with high self-reported mould exposures (Zock et al., 2002).  
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The relationship between damp or mouldy indoor environments and respiratory problems has been the 
focus of a number of recent studies (Jaakkola, Hwang, & Jaakkola, 2005; Skorge et al., 2005; Meklin 
et al., 2002; Curtis et al., 2004; OPSI, 2005; NIOSH, 2003) including that conducted by the Institute of 
Medicine (IOM) in the United States on behalf of the Centres for Disease Control and Prevention, 
(IOM, 2004).  Charged with conducting a comprehensive review of the scientific literature (e.g., Dales, 
Miller & McMullen, 1997; Dekker et al., 1991; Gunnbjornsdottir et al., 2003; Engvall, Norrby & 
Norback, 2001; Jaakkola et al., 2002; Zacharasiewicz et al., 2000; Evans et al., 2000; Kilperlainen et 
al., 2001; Immonen et al., 2001; Hagerh, Bornehag, & Sundell, 2002; Andriessen, Brunekreef & 
Roemer, 1998; Williamson, et al., 1997; Douwes & Pearce, 2003; Garrett, et al., 1998; Yang et al., 
1997), the study’s Committee of Experts confirmed that “sufficient evidence” exists to conclude that 
mould and damp conditions are associated with asthma symptoms in sensitized persons, upper 
respiratory symptoms, cough, wheeze, and hypersensitivity pneumonitis in susceptible persons.  
Sufficient evidence of an association was defined as “an association between the agent and the 
outcome … observed in studies in which chance, bias, and confounding could be ruled out with 
reasonable confidence” (IOM, 2004, p. 23). High levels of moisture generally correlate with higher 
levels of microbial growth and thus, elevated levels of air-borne mould (Pekkanen et al., 2007).  There 
appears however, contradictory studies which attempt to link specific genus types of mould and their 
indoor air-borne concentrations to respiratory conditions and/or cold-like symptoms (Grant et al., 
1989; Gunnbjornsdottir, et al., 2003; Haas, et al., 2007; Lieberman et al., 2004; Stark, et al., 2003). 
 
In Canada, an extensive investigation, sponsored by the Canadian Institutes of Health Research 
(CIHR), and conducted by an interdisciplinary team of researchers, in partnership with the National 
Housing Research Committee and the Canadian Housing Renewal Association, addressed the needs, 
gaps, and opportunities in the area of housing as a socio-economic determinant of health (Dunn et al., 
2003). This study concluded that there are clearly well founded concerns about substandard housing 
and exposure to toxins (moulds, dust mites, pet allergens, etc.) in Canada and identified the lack of 
research capacity in the area of housing as a socio-economic determinant of health. Based on the 
recommendation of this report, the National Housing Research Committee recently established a 
working group, Population Health and Housing, whose mission is to more fully explore the links 
between housing conditions and health (Walker, 2003). In 2002, the Institute of Population and Public 
Health identified health and substandard housing as a strategic research priority. 
 
Understanding how respiratory health risks are associated with housing is essential to designing 
effective strategies to improve children’s quality of life. Although Statistics Canada regularly collects 
data through its National Population Health Surveys, these contain incomplete data on housing and 
attempts to correlate occupant health with the extant non-specific housing data have failed to 
demonstrate statistically significant relationships (Rosenberg & Wilson, 2001). Most jurisdictions in 
North America have established minimum requirements for healthy homes (e.g., Health Canada, 1995; 
Alberta Health and Wellness 1999; US-HUD, 1999), but phrasing is often general or vague.  For 
example, in the city of Winnipeg, Clause 3.3.3 of the Maintenance and Occupancy By-Law No. 
4903/88 (City of Winnipeg, 2003) states, “No person shall occupy or rent any dwelling which is not 
clean and sanitary.”  Thus, it is often left to the discretion of city inspectors to determine what 
constitutes “clean and sanitary.”  In 2001, the U.S. Environmental Protection Agency (EPA) published 
a report entitled “Healthy Buildings, Healthy People: A Vision for the 21st Century” (US-EPA, 2001) 
designed to promote discussion and facilitate multi-sectoral collaboration among professionals in 
public policy, health, building sciences, product manufacturing, and environmental research for the 
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purpose of designing healthy indoor environments. A parallel effort in Canada: Healthy Indoors 
Partnership: Achieving Healthy Indoor Environments in Canada has been launched (Healthy Indoors 
Partnership, 2002) using the EPA as the centerpiece in its stakeholder dialogues. The World Health 
Organization’s (WHO) Regional office for Europe is also currently undertaking an extensive cross-
sectional study to evaluate the relationship between housing and health in seven European cities 
(Bonnefoy et al, 2003). Thus, it is clear that effort to understand the relationship between housing and 
health is international in scale and that government attention and resources have accordingly been 
assigned.   
 
2.0  Objectives 
This study is part of a larger project whose objectives are to: (1) examine the relationship between 
housing and respiratory health/asthma among grades 3 and 4 children in Winnipeg; (2) compare the 
presence of self-reported indoor mould and air sample results; (3) develop a housing data base 
documenting information such as the history of water damage in the child’s home, evidence of 
structural duress, air leakage, type of mechanical system in the home, relative humidity, wall moisture 
content, mould count and genus type based on two indoor air samples  taken in the basement and 
child’s bedroom; (4) examine the relationship between mould count and home building materials (e.g., 
concrete block, wooden frame, gypsum board); (5) cross-link the newly created housing database with 
three Manitoba health databases: Manitoba physician claim, hospital discharge abstracts, and 
prescription record to examine links to children’s respiratory health4; and (6) design a Composite 
Healthy Housing Index (CHHI) to evaluate the risk of mould/moisture in the home and upper 
respiratory problems of its occupants.  
 
The emphasis of this paper will be on objective #1, 2, and part of 3.  
 
3.0 Definitions 
3.1 Asthma:  having received a formal diagnosis of asthma from a physician or, if not formally 
diagnosed with asthma by a physician, over the last 12 months had: a) at least one or more asthma 
attacks; b) gone at least once to emergency due to an asthma attack; c) been hospitalized at least once 
due to an asthma attack; and, d) been prescribed steroids. 
 
3.2 Persistent Colds/Respiratory Infections: According to Williamson et al. (1997), persistent colds are 
defined as having 3 or more respiratory infections/colds in the past year. In this paper, persistent colds 
were defined as having 4 or more respiratory infections/colds in the past year 
 
3.3 CFU/m3:  the total concentration of culturable microorganisms calculated by dividing the volume 
of air sampled into the total number of colonies observed on the culture plate. A colony is a 

                                                 
4 Manitoba’s health care databases are among the few population-based health care data sources that exist in the world (79). The 
Manitoba Health Services Insurance Plan (MHSIP) is a provincial health care insurance program that maintains several electronic 
databases, which are housed at the Manitoba Centre for Health policy for research purposes.  The MHSIP registration file contains a 
record for every Manitoba resident and provides information on birth date, sex, and geographic locations. Records of physician 
reimbursement for medical care provided are submitted under a fee-for-service arrangement, and contain information on patient diagnosis 
at the 3-digit level of the ICD-9-CM classification system and physician specialty. Discharge abstracts for hospital services include 
information on up to 16 ICD-9-CM diagnostic codes, with the first diagnosis representing the primary diagnosis responsible for the 
hospital stay. Prescription records are submitted by retail pharmacies for reimbursement by provincial drug insurance plans and for drug 
utilization review purposes, and contain data on the prescription dispensing name and identification number, dosage form, and quantity 
dispensed.  
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macroscopically visible growth of microorganisms on a solid culture medium. Concentrations of 
culturable bioaerosols are reported as colony forming units (CFU) per unit volume of air.) 

 
In the National Building Code of Canada, there are currently no regulatory requirements which dictate 
specific limitations on air- borne mould concentrations within residences.  Manitoba Workplace Health 
and Safety (Province of Manitoba, 2001) have provided however, guidelines on air-borne mould limits 
within the workplace, as summarized below. 
 

• More than 50 CFU/m3 of a single species (other than Cladosporium or Alternaria) may be 
reason for concern present. Further investigation is necessary. 

• Up to 150 CFU/ m3 is acceptable if there is a mixture of species reflective of the outdoor air 
spores. Higher counts suggest dirty or low efficiency air filters or other problems. 

• Up to 500 CFU/ m3 is acceptable in summer if the species present are primarily Cladosporium 
or other tree and leaf fungi. Values higher than this may indicate failure of the filters or 
contamination in the building. 

 
Lieberman et al. (2004) report that indoor fungal levels above a range of 150-1000 CFU/m3 are 
considered to be sufficient to cause human health problems. The guidelines however, may not be 
relevant because of continuing research that attempts to find a link between specific mould genus 
types, their concentrations and the health impact on the occupants. Regardless, air-borne mould 
guidelines for the workplace are unlikely to have relevance when examining the living quarters of a 
child.  
 
In a report released by the National Institute for Occupational Safety and Health (NIOSH) (2003), 
which describes the results from a health hazard evaluation of a government facility, the geometric 
mean value of total indoor culturable airborne fungi was 123 Colony Forming Units (CFU)/m3.  Of the 
62 participants in the NIOSH study15% reported asthma, and 36% reported chest symptoms (wheeze 
or shortness of breath). Curtis et al. (2004) report that indoor fungal levels above a range of 150-1000 
CFU/m3 are considered to be sufficient to cause human health problems.  
 
The European standard for air-borne mould classifications identifies “low” at 0 to 499 CFU’s; 
“medium” at 500 to 999 CFU’s; and “high” at CFU counts greater than 1,000 (CEC, 1994). 
 
For purposes of the current study, a value of 100 CFU/m3 was set, at which point genus identification 
of the top three mould types was completed for each sample.   
 
3.4.  Relative Humidity: the ratio, at a specific temperature, of the actual moisture content of an air 
sample to the moisture content of the air sample if it were at saturation.  It is given as a percentage. 
The Canadian Mortgage and Housing Corporation (CMHC) recommends that the relative humidity be 
maintained within the home in the range of 30 to 50 percent.  However, it must be recognized that 
depending upon the house construction and location within Canada, even a relative humidity of 30 
percent during the winter months can lead to high levels of condensation (Trechsel et al., 2001).   
 
3.5 Moisture Content (MC) of the Building Material: either (i) the mass of moisture per unit volume of 
any dry building material or (ii) the mass of moisture per unit mass of any dense dry building material 
or (iii) the volume of condensed moisture per unit volume of any light dry material (Trechsel et al., 
2001). 
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3.6 Air Temperature: the temperature read from a dry bulb thermometer or calibrated digital 
instrument.  
 
3. 7 Surface Temperature: the temperature of the exposed surface of the object/building surface being 
measured – usually through a digital contact surface thermometer or infrared device.  
 
 
4.0  Method 
4.1 Participants 
A total of 3423 students, drawn from six main school divisions in the city of Winnipeg, Manitoba, 
Canada participated in this study. The mean age of the students at the time of the survey was 8 years, 5 
months (minimum: 7 years, 2 months; maximum: 10 years, 10 months SD: 7.68 months). There were 
1695 males, and 1664 females (64 missing information); 1777 were in grade 3 and 1623 in grade 4 (23 
missing information).  
 

Table 1.  Response Rates for Part 1: Initial Contact Survey by Group 
 

 No Asthma Asthma TOTAL 
No/Few Colds 1848 (54%) 204 (6%) 2052 (60%) 

Persistent Colds 858 (25%) 513 (15 %) 1371 (40 %) 
TOTAL 2706 (79%) 717 (21.0%) 3423 (100%) 

 
 
4.2 Locale 
Winnipeg, Manitoba is located in the central Prairie region of Canada.  Its climate is known for 
considerable swings with an average summer time temperature of approximately +23 degrees Celsius 
but with over 5,900 degree heating days below +18 degrees Celsius and a winter design temperature of 
-33 degrees Celsius. Winnipeg is also located in the Red River Valley, a flood plain and prone to 
periodic flooding conditions.  
 
4.3 Materials 
Part I: A one-page Initial Contact Survey was designed to obtain parental information on: (a) their 
child’s respiratory health including incidents of respiratory infections/asthma over the past academic 
year (2004-05), and trips to the doctor and/or hospital (b) the child’s home environment including age 
of home, presence of mould, carpets, number of smokers in the home, presence of cats or dogs, and 
whether parents/siblings or other relatives have asthma, and (c) number of school days missed in 2004-
05 by the child due to respiratory tract infections and/or asthma.  
 
Part 2: A minimum of two air samples per home using agar strips was also collected and sent to a 
commercial laboratory for analysis (CFU/m3 and genus type of top three moulds).  
 
A one-page Housing Survey was developed where the home’s history of water and moisture damage, 
history of home renovations and reports of any visible mould were obtained from the participants. 
 
At the same time, measurements were recorded of relative air humidity, temperature, and wall 
moisture content for each home.  
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An eight-page Engineering Audit (checklist) was completed documenting, for example, evidence of 
water damage, structural duress, the type of mechanical system in the home, etc.5 This allowed an 
engineering research team to rate the condition of the home’s structural and mechanical components.  
 
4.4 Design and Procedure 
Step 1: In September 2005, following permission from all six school-division superintendents, the 
Initial Contact Survey was distributed to the entire grades-3 and -4 school division student population 
–13,727 children.  
 
Step 2: Based on the returned parent surveys (3423 or 25% response rate), children were categorized 
into four groups: (1) No Asthma and Few or No Colds, (2) No Asthma and Persistent Colds, (3) 
Asthma and Few or No Colds, and (4) Asthma and Persistent Colds. 
 
Step 3: Following the Initial Contact Survey, a Consent Form for a follow-up housing inspection 
(including the collection of indoor air samples) was mailed to a stratified random sample of 840 
participants drawn from the original sample6. A total of 715 consent forms were returned (see Table 2), 
giving a response rate of 85.1 percent. These parents were contacted by phone and a time for housing 
inspection was arranged.  
 

Table 2.  Response Rates for Part 2 by Group 
 

 No Asthma  Asthma TOTAL 
No/Few Colds 202 (28.3 %) 72 (10.1 %) 274 (38.3 %) 

Persistent Colds 224 (31.3 %) 217 (30.3 %) 441 (61.7 %) 
TOTAL 426 (59.6 %) 289 (40.4 %) 715 (100%) 

 
Step 4: Inspections were conducted by trained engineering graduate assistants under the supervision of 
two Professional Engineers (Polyzois and Wells, two of the authors of this paper).   Each home was 
visited by a two-member team.  The inspection process is detailed below. 
 
 
Home Visit #1 
First, air samples were collected in the child’s bedroom (Area 1) and in the basement (Areas 2) of each 
home using a Biotest Hycon RCS Air Sampler device.  A simultaneous control or outdoor sample was 
taken in each neighborhood so that a comparison of indoor and outdoor mould spore counts could be 
conducted. The RCS Air Sampler works on drawing the ambient air into the device via an impeller. 
The particles in the air are then impacted by centrifugal force onto an agar medium.  The Air Sampler 
was run for four minutes at each location.  The impeller device and barrel housing were dismantled and 
                                                 
5 The checklist is too long to be included as an Annex. A request for a copy can be made to the prime author.  
 
6 Once we received and documented the responses from the Initial Contact Surveys, we categorized the respondents into 
four groups: (Asthma and Respiratory Infections; Asthma and No Respiratory Infections ; No Asthma and Respiratory 
Infections; and No Asthma and No Respiratory Infections. Based on the IOM (2004) study, we initially assumed a 
prevalence of mold and/or dampness of 25% in the homes, we would have an 80% power of detecting a relative risk of 1.51 
for asthma exacerbation or upper respiratory illnesses if we have an n = 207 per group.  If the prevalence was actually 15%, 
we would have the same power (80%) to detect a higher relative risk of 1.75 for asthma exacerbation or upper respiratory 
illnesses if our n = 202 per group. We therefore, set as a target sample size for each group of 210. 
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disinfected after each resident sampling. The agar strips were secured in a cooler immediately 
following testing and transferred within 48 hours to an accredited laboratory where they were 
incubated and mould colonies counted.  In addition to evaluating the volume of mould in each sample 
in Colony Forming Units (CFU)/m3, the top three genus types of mould were identified for all agar 
strips exhibiting a total count of greater than 100 CFU/m3. 

 
Testing was carried out in the spring of 2006 (April, May, and June) while building moisture content 
was anticipated to be higher due to condensation and before windows were not routinely opened 
during the day. A total of 1911 air samples were taken from 715 homes. Of the air samples where the 
count of CFUs exceeded 100 CFU/m3, genus identification revealed approximately 25 different types 
of mould, the most common of which are listed in Table 7.   
 

On the same day of the air sampling:  
 
(a) A brief one-page Housing Inspection Protocol was completed by each parent/guardian reporting 
any evidence, over the past year, of water penetration in their home and any specific renovations they 
undertook to improve water- or moisture-related damage.  
 
(b) Air temperature and relative humidity measures were taken in all rooms using a Delmhorst Digital 
Hygrometer/Air Temperature Unit.  
 
(c) The surface temperatures of all windows and walls in each room were measured  using an infra-red 
temperature probe. 
 
(d) A Delmhorst pin-type penetrating moisture meter was used to measure the moisture content of the 
building surfaces, specifically the interior walls.  
 
(e) Any air leakage through the window and wall systems was assessed using a smoke wand; the wand 
was also used to establish if the residence was under infiltration or exfiltration. 
 
Home Visit #2 
In a subsequent home visit, an extensive eight-page Engineering Audit of each residence was 
conducted. The audit recorded the structural condition of the home (e.g., windows, walls, roof, 
basement), the type of mechanical system used in the home (e.g., furnace, air conditioning, 
humidifier), the absence/presence of effective groundwater management (e.g., sump-pit/weeping tile), 
and presence of visible moisture damage, mould and associated building envelope problems. 
 
This paper presents the statistical analysis of the Initial Contact Survey results as well as initial results 
for the biological air sampling conducted in 715 residences. The data analysis for the engineering 
audits was in progress at the time of writing this paper and will be presented under a separate article. 
Preliminary results for humidity, temperature, and moisture content are, however, presented.   
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5.0  Results 
Question #1:  What is the relationship between selected aspects of the child’s home environment and 
his/her respiratory health? 
 
The information requested in the Initial Contact Survey requested the following information to be 
filled in by the parent/guardian of the child: age of the home in years; years living in the home; 
whether they own their own home; whether or not visible mould is present anywhere in their home; 
whether it is in the basement, bathroom, or kitchen; whether children occupants have asthmatic 
parents, siblings, and/or other relatives, number of rooms in the home that are carpeted; number of 
smokers in the home; presence of rodents (mice) in the home; number of cats or dogs in the home. 
Only significant results are reported (see Table 3). The first five variables listed in the table are 
analyzed using Logistic Regression (due to binary distribution of these variables); the last two are 
count variables and, thus, are analyzed using Poisson Regression analysis. In the new analysis, the 
multiplicity of the tests carried out was taken into account by applying the Bonferroni factor to both 
Table 3 and 4. Since there were 17 variables in the Initial Contact Survey, probabilities of less than 
0.05/17=0.0029 were considered significant. The data show that self-reported visible mould in the 
home (basement, bathroom, kitchen) as well as the presence of rodents are significantly associated 
with persistent colds. In contrast, carpeting in the home and smokers in the home are significantly 
associated with asthma. Finally, a significant genetic association (parents, siblings, or other relatives 
with asthma) was observed for persistent colds in combination with asthma, indicating that those with 
asthma tend also to be more prone to colds, than those without asthma.  
 

Table 3:  Association of Survey Variables with Childhood Persistent Colds  
and/or Asthma (χ2 ) 

 
Variable Effect of 

Persistent Cold 
Effect of 
Asthma 

Effect of 
Interaction of  

Cold and 
Asthma 

1. Those Who Reported  
 Visible Mould: 

   

         -  In Basement  13.44** 0.279 0.0014 

         -  In Bathroom  23.85*** 9.27* 7.02** 

         -  In Kitchen  26.26*** 0.482 1.19 

2. Those Who Reported Rodents (mice) in 
Home  

8.91* 0.128 0.069 

3. Those Who had Asthmatic Parents  17.08*** 34.04*** 0.295 
4. Those Who had Asthmatic Siblings  8.74 23.23*** 0.147 
5. Those Who had Other Asthmatic Relatives  38.96*** 15.29*** 0.210 
6. Number of Rooms Carpeted in Home    0.01 10.21* 0.24 
7. Number of Smokers Living in home 1.98 4.22 1.69 

*p<.0029  **p<.0006  ***p<.0001  ****p<.000006 
 
Three separate multivariate analyses, using step-wise logistic regressions, were subsequently run to 
determine independent predictors of persistent colds and/or asthma compared to the control group: no 
asthma + no colds (see Table 4).  Table 4 summarizes the results of these analyses. In table 4, there 
were three variables. Therefore, probabilities of less than 0.05/3=0.0167 were considered significant. 
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Table 4: Independent Predictors of Childhood Persistent Colds, Asthma, and Asthma + Colds 
 

Persistent Colds Asthma Persistent Colds + Asthma  
 

Survey Variable 
Odds Ratio  
(95 % CL) 

χ2  value Asthma 
Odds Ratio  
(95 % CL) 

χ2  value Persistent Colds + 
Asthma 

Odds Ratio  
(95 % CL) 

χ2  value 

Self-Reported Mould 
(anywhere in home) 

-In Basement 
 

 
 

1.248(1.003,1.552) 

 
 
3.96 

 
 
 

  
 

1.371(1.055,1.781) 

 
 
5.57 

-In Bathroom 
 

1.324(1.083,1.617) 7.53* 1.559(1.122,2.165) 7.01*   

-In Kitchen 2.764(1.636,4.671) 14.43****     
Total Smokers living 
in Home 

1.173(1.033,1.333) 6.062*   1.186(1.011,1.391) 4.87 

Asthmatic Parents 1.352(1.074,1.701) 6.59* 2.259(1.588,3.215) 20.51**** 2.685(2.101,3.430) 62.42**** 
Asthmatic Siblings   1.857(1.277,2.699) 10.51** 1.918(1.472,2.498) 23.32**** 
Other Asthmatic 
Relatives 

1.557(1.310,1.851) 25.24****   2.005(1.614,2.490) 39.57**** 

*p<.0017  **p<.0033  ***p<.00033  ****p<.0001 
 
Persistent Colds: Children with reported mould in their home were more likely to have persistent colds 
compared to the group with neither condition.  The odds ratios ranged from 1.248 to 2.764.  Children 
who have asthmatic parents or other relatives were 35.2 % and 55.7%, respectively, more likely to 
have persistent colds.  
 
Asthma: Children with asthmatic parents were over two times more likely to have asthma compared to 
those with neither asthma nor persistent colds. Children with asthmatic siblings were 85.7% more 
likely to have asthma. 
 
Persistent Colds and Asthma: Children with reported mould in their home were 37.1% more likely 
(based on basement mould counts) to have persistent colds in combination with asthma. In addition, 
children with asthmatic parents, siblings or other relatives were 1.92 to 2.68 times more likely to suffer 
from both conditions.  
 
Question #2: What is the most common type of air-borne mould found in Winnipeg homes?  
A high number of Winnipeg homes (65%) were found to have air-borne mould CFU levels (all 
species) of at least 100/m3 (see Table 5). 
 

Table 5:  Number of Homes by Area Tested by Minimum CFU Cutoff Levels (all Species) –  
all Months Combined. 

 
Minimum CFU Cutoff Levels  Number of Homes  

by Area Tested ≥  100/m3 ≥  200/m3 ≥   300/m3 ≥   400/m3 
Child’s Bedroom # (%) 
 n = 715 

451(65) 293 (41) 186 (26) 133 (19) 

Basement  # (%) 
n = 669* 

444 (65) 292 (44) 201 (30) 158 (24) 

*Not all homes had basements 
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When air-borne mould test results were analyzed for April alone, the most common test month in the 
current study, similar patterns were observed: 52-53% of home have air-borne mould CFU levels (all 
species) of at least 100/m3 (see Table 6).  
 

Table 6:  Number of Homes by Area Tested by Minimum CFU Cutoff Levels (all Species) – April Alone 
 

Minimum CFU Cutoff Levels Number of Homes  
by Area  Tested ≥  100/m3 ≥  200/m3 ≥  300/m3 ≥  400/m3 

Child’s Bedroom # (%) 
n = 289 

150 (52) 71 (25) 25(9) 11 (4) 

Basement  # (%) 
n = 274* 

150 (53) 74 (27) 43 (16) 27 (10) 

*Not all homes had basements 
 

For all homes with CFU counts ≥ 100/m3, then, the genus type for the top three moulds was identified 
and measured separately. The ten most common types of mould identified in all the homes tested are 
reported in Table 7.  Cladosporium was the most common mould found in Winnipeg homes. 
 

Table 7. The Ten Most Common Types of Mould Identified in the Target Homes by Area:  
Child’s Bedroom and Basement 

 
 

Type of Mould Identified 
# of Homes Where Mould Was 
Identified In Child’s Bedroom*  

# of Homes Where Mould Was 
Identified In Basement*  

1 Cladosporium 455 (62%) 373 (51%) 
2 Alternaria 381 (52%) 292 (40%) 
3 Penicillium 162 (22%) 175 (24%) 
4 Mycelia-Sterilia 126 (17%) 62 (8.5%) 
5 Aspergillus 33 (4.5%) 66 (9.0%) 
6 Ulocladium 29 (4.0%) 13 (1.8%) 
7 Mucor 23 (3.1%) 16 (2.2%) 
8 Epicoccum 19 (2.6%) 18 (2.5%) 
9 Fusarium 19 (2.6%) 13 (1.8%) 

10 Pithomyces 18 (2.5%) 10(1.4%) 
*Based On Air Sampling Where Total Count was ≥   100 CFU/m3 

 
Given the prevalence of Cladosporium, the number of homes tested by minimum Cladosporium CFU 
cutoff levels was examined to identify the range of CFU levels obtained (see Table 8).  The great 
majority of the homes fell in the CFU ≥ 100/m3 cutoff level. 
 

Table 8:  Number of Homes by Area Tested by Minimum Cladosporium CFU Cutoff Levels 
– all Months Combined. 

 
Minimum Cladosporium CFU Cutoff Levels  Number of Homes  

by Area Tested ≥  100/m3 ≥  200/m3 ≥  300/m3 ≥  400/m3 
Child’s Bedroom # (%) 
 n = 455 

315 (69) 159 (35) 96 (21) 62 (14) 

Basement  # (%) 
n = 444* 

256 (58) 144 (32) 89 (21) 60 (14) 

*Not all homes had basements 
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Question #3: What is the relationship between self-reported visible mould in the home and the 
presence of tested air-born mould (measured in CFU/m3)? 
For the month of April, a significant association was found between occupant-reported visible mould 
in the house and air-borne CFU levels (all species combined) ≥ 100/m3 and ≥ 200/m3 in the child’s 
bedroom (see Table 9). 
 

Table 9: The Presence of Self-Reported Indoor Mould and Air Sample Results from Child’s Bedroom 
 

Air Sample Results  Self-Reported Indoor 
Mould   

      
 

Bedrooms with 
CFU≥  100/m3 

# (%) 

Bedrooms  with 
CFU≥  200/m3 

# (%) 

Bedrooms with 
CFU≥  300/m3 

# (%) 

Bedrooms with 
CFU≥  400/m3 

# (%) 
ALL MONTHS COMBINED   

No (n=367) 
Yes (n=348) 
         χ2 

222 (60%) 
228 (65%) 

2.76 

143 (39%) 
149 (43%) 

1.26 

87 (24%) 
98 (28%) 

2.08 

61 (17%) 
71 (20%) 

1.95 
FOR APRIL ONLY  

No (n=146) 
Yes (n=143)  
           χ2 

66(45%) 
84 (59%) 

5.86* 

27 (19%) 
44 (31%) 

5.87* 

9 (6.2%) 
16 (11%) 

2.31 

1 (0.70%) 
10 (7.0%) 

-- 
*p<.05  **p<.01 

 
A significant association was found between self-reported visible mould and tested air-borne mould 
within the basement ≥ 100/m3 and ≥ 200/m3 for all testing months combined. For April, this 
association held for CFU levels of greater than 300 and 400 CFU/m3 as well (see Table 10). 
 

Table 10: The Presence of Self-Reported Indoor Mould and Air Sample Results from the Basement  
(All Months Combined and April) 

 
Air Sample Results  Self-Reported Indoor 

Mould  
      

 

Basements with 
 CFU≥  100/m3 

# (%) 

Basements with  
CFU≥  200/m3 

# (%) 

Basements with 
CFU≥  300/m3 

# (%) 

Basements with 
CFU≥  400/m3 

# (%) 
ALL MONTHS COMBINED  

No (n = 348) 
Yes (n = 321) 
 χ2 

       213 (61%) 
221 (69%) 

         4.28* 

        138 (40%) 
154 (48%) 

4.7* 

       98 (28%) 
103 (32%) 

1.22 

        83 (24%) 
76 (24%) 

0 
FOR APRIL ONLY  

No (n = 140) 
Yes (n = 134)  
χ2 

       63(45%) 
81 (60%) 

6.55** 

         29 (21%) 
45 (34%) 

5.75* 

       15 (11%) 
28 (21%) 

5.36* 

         9 (6.4%) 
18 (13%) 

3.78* 
*p<.05  **p<.01 

 
Question #4: What is the relationship between tested air-borne mould in the home (based on 
CFU/m3counts) and persistent colds and/or asthma among child occupants? 
 
A Kruskal-Wallace Non-Parametric Test of the distribution of Cladosporium spores by area of the 
home (child’s bedroom or basement) revealed the following results (see Table 11).  Analyses show a 
significant association between Cladosporium CFU levels from air samples taken in April and asthma 
in combination with persistent colds.  
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Table 11: Cladospiorium CFU Counts by Area in the Home (Child’s Bedroom or Basement) by 

Respiratory Condition of Child, April only 
 

Condition of Child Occupant  
April CFU Counts for 

Cladosporium    
by Area in the Home 

No  Persistent 
Colds 

No Asthma 

Persistent 
Colds 

Asthma Persistent 
Colds And 

Asthma 

 
χ2 

Area 1: Bedroom 
Median (25 %ile, 75%ile) 

 
100 (50,125) 

 
94 (63,137) 

 
84(44,138) 

 
125(88,181) 

 
11.73** 

Area 2: Basement 
Median (25%ile, 75%ile) 

 
94 (63,150) 

 
81 (44,113) 

 
112 (69,162) 

 
134 (72,219) 

 
9.58* 

*p<.05  **p<.01 
 
Question #5: What is the relationship between tested air-borne mould in the home and room 
environmental conditions (air temperature, surface temperature, relative humidity, and building 
moisture content)? 
 
During the air sampling procedure, relative humidity in the air, air temperature, lowest wall surface 
temperature, and wall moisture contents were measured using a pin-type penetration moisture meter. 
The mean measurements for each parameter are summarized in Table 12. 
 

Table 12: Mean Relative Humidity, Air Temperature, Wall Surface Temperature and Wall Moisture 
Content by Area in the Home 

 
 Relative Humidity (%) Air Temperature 

(Degrees Celsius) 
 

Wall Surface 
Temperature 

(Degrees Celsius) 

Wall Moisture 
Content (%) 

 Area 
1 

Area 
2 

Area 
3 

Area 
1 

Area 
2 

Area 
3 

Area  
1 

Area 
2 

Area  
1 

Area 
2 

Mean 46.4 47.1 45.9 20.7 19.3 17.5 18.9 14.2 1.28 2.54 
SD 9.04 7.86 16.1 2.25 1.79 4.96 2.19 2.34 3.82 4.13 
Min 21.0 24.6 17.5 14.3 12.9 3.0 11 6.60 0.00 0.00 
Max 74.8 76.9 95.3 39.7 23.3 40.8 26 20.6 36.1 36.1 

Note: Area 1: Child’s Bedroom, Area2: Basement, Area 3: Exterior (control)  
 
A non-parametric Spearman rank test was run comparing air-borne mould counts (all species 
combined) and the various home environmental properties measured: relative humidity, air 
temperature, wall surface temperatures, and moisture content of the building materials.   
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Table 13: Correlation Summary of Total Mould Count (CFU/m3) – All Species Combined by Area – 
and Various Room Environmental Conditions 

 
Room Environmental Conditions Total Mould Count by Area 

in the Home  Relative 
Humidity  

Air Temperature Surface 
Temperature 

Moisture 
Content 

Area 1: Child’s Bedroom 
n 
Spearman Rank Coefficient 

 
692 

-0.106** 

 
692 

+0.092* 

 
691 

0.00083 

 
688 

+0.134*** 
Area 2: Basement 
n 
Spearman Rank Coefficient 

 
644 

0.008 

 
645 

-0.102** 

 
641 

-0.185**** 

 
594 

+0.110** 
Area 3: Outside House 
n 
Spearman Rank Coefficient 

 
159 

+0.158* 

 
159 

+0.212** 

 
N/A 

 
N/A 

*p<.05    **p<.01 ***p<.001 ****p<0001 
 
Results indicate an unclear pattern between the total mould count in the home and both relative 
humidity and air/surface temperature measurements. However, a small but significant correlation was 
found between wall moisture content and air-born mould, as measured by CFU/m3. This correlation 
held for both the child’s bedroom and the basement.  
 
4. Discussion 
Housing as a neglected site for public health action has been identified in a number of recent 
publications.  There is strong empirical evidence that suggests that damp, cold, and mouldy housing is 
associated with asthma and other chronic respiratory symptoms. The objectives of this study were to 
examine the relationship between housing and respiratory health/asthma among grade-three and -four 
children in Winnipeg, Manitoba, Canada; compare the presence of self-reported indoor mould and air 
sample results; develop a housing data base documenting information on the environmental and 
building conditions within the home; and, examine the relationship between mould count and home 
building materials.  
 
Although the data input for the Part 2 housing condition audits remains to be completed, statistical 
analysis of the 3,423 survey results has revealed that children with reported mold in their home are 
more likely to have persistent colds; asthmatic children living in homes with visible mould also tend to 
be more prone to persistent colds than those without asthma.  Carpeting is a significant aggravator for 
asthma but not persistent colds.  No significant correlation was observed for the age of the home or 
whether or not the residents own their own home – and persistent colds and/or asthma.   Similarly the 
presence of cats and dogs was not observed to be significantly associated with either condition.  We 
hypothesize that parents with children that are asthmatic or have animal related allergies would have 
been proactive at not having such pets.   
 
The analysis of 1911 home air samples revealed 25 different mould genus types.  The top three types 
identified were Cladosporium, Alternaria, and Penicillium. Air sampling took place over the months of 
April through June. Results confirms the findings of other researchers who report that mould counts in 
the homes tend to increase significantly in the late spring/early summer, largely due to the influx of 
large amounts of outside moulds, especially Cladosporium (Haverinen et al., 2003, Reponen et al., 
1994, Stark et al., 2003).   When Cladosporium finds its way into the indoor environment, it grows on 
clothes and foodstuffs (Jacob et al.  2002). A number of studies have linked Cladosporium to an 
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increase risk of allergic reactions (Jacob et al. 2002; Jovannovic, et al., 2004; Gent et al. 2002; Huang 
& Kimbrough 1997). Jacob et al. (2002) report that sensitized children exposed to high levels of 
Cladosporium and Aspergillus were more likely to suffer from symptoms of rhinoconjunctivitis 
including pink eye and runny nose and/or congested nose – a finding the current study supports, 
particularly in combination with asthma. 
 
Current standards of acceptable limits for mould genera in homes vary dramatically, reflecting the 
uncertainty in the results from various research studies. The Commission of European Communities 
report, for example, classifies mould counts of 1-499 CFU/m3 as low risk (CEC, 1994). This range, 
however, may be too broad. In the research conducted by Gent et al. (2002), 37% of the 900 homes 
tested had undetectable counts of Cladosporium, while 44 % had counts between 1 and 499 and only 
16% had counts greater than 500 CFU/m3.  Our study showed that Cladosporium during the month of 
April ranged from 84 CFU/m3 to 125 CFU/m3 in the children’s bedrooms and from 81 CFU/m3 to 134 
CFU/m3 in the basement of the homes. The analysis of the results showed a significant association 
between Cladosporium and asthma in combination with persistent colds.  
 
The relationship between moisture in the home and its effect on respiratory health has been the subject 
of considerable research (Jaakkola, Hwang, & Jaakkola, 2005; Skorge et al., 2005; Meklin et al., 2002; 
Curtis et al., 2004; OPSI, 2005; NIOSH, 2003).  Determining quantitatively the level of moisture in a 
house, however, has been a challenge since it is affected by many variables. Furthermore, it is not 
always clear whether precipitation penetration- or condensation-related damage is primarily 
responsible for the source(s) of moisture within the home. Indeed, measures to increase the air-
tightness of the home in an effort to decrease energy consumption costs can have a negative 
consequence on air quality by reducing passive natural air changes (Iversen, Bach & Lundqvist, 1986). 
The reduction in air changes tends to increase relative humidity which, in turn, aggravates 
condensation within the home.   
 
Some researchers have attempted to measure “moisture damage” in order to examine its effect on 
health (Haverinen et al. 2002; Pekkanen et al., 2007).  Others have used “dampness” as a measure of 
respiratory health risk (Peat et al., 1998; Williamson et al., 1997; Andriessen et al., 1998; Bornehag et 
al., 2004; Jaakkola et al., 2005; Wan & Li, 1999). Dampness has been used interchangeably by various 
researchers to mean water damage in the house, high internal water activity (or relative humidity), 
condensation, etc. Water damage is difficult to quantify and it is subject to interpretation by home 
owners. 
 
Questionnaires are often used, at least as a starting point to establish the absence/presence of moisture 
damage within the dwelling and the health of the occupants. Problems arise due to misunderstandings 
in the types of water damage present and whether or not the moisture sources identified are having any 
harmful impact on the health of the residents (Said, et al., 1999). Inspectors, trained in building science 
matters are therefore often utilized to assess the conditions within the home in relation to the 
absence/presence of water-related damage and the cause(s) of that water-related damage. Thus, 
contradictions arise between building inspectors and the occupants when attempting to assess water-
related damage and the possible impact on the health of the occupants. On the other hand, water 
activity (relative humidity) can easily be measured and correlated to health data. However, according 
to Ross et al. (2000), there is no association between respiratory tract symptoms and home temperature 
and humidity. This finding was confirmed in our study. While the mould count was correlated with 
persistent colds particularly when combined with asthma, there was no association between relative 



 

 

 

15

humidity or temperature and mould count. According to Garrett et al. (1998), the lack of a strong 
correlation between humidity and fungal spore concentration may be due to the fact that humidity 
measured at the time of sample collection may not estimate well the microclimate which determines 
the possibility of fungal growth.  
 
However, in our study, there was a small but significant association between measured moisture 
content of the walls and the mould count. Thus, it seems that moisture measurements of the walls, 
using a penetration-type moisture meters, are a better indicator of moisture damage than either visual 
observations or measurements of relative humidity. These measurements can then be used as a reliable 
indicator of the presence/absence of air-borne mould, as measured by CFU/m3.  Of all the air samples 
analyzed in our study that had mould counts greater than 100 CFU/m3, Cladosporium contributed to 
one of the three genus types identified. Gent et al. (2002) reported that mould and evidence of 
condensation are associated with high concentration of Cladosporium. Similar results were reported by 
researchers in Finland (Pasanen et al., 1992) who found that damp houses have significant indoor 
sources of Cladosporium.  Garrett et al (1998) however, were surprised to see high concentrations of 
Cladosporium in rooms with relative humidity of less than 60% and speculated that dry conditions are 
more conductive to the dispersal of Cladosporium spores.  
 
The next stage of our research will focus on correlating our housing condition data base with the 
results of the biological air sampling in order to establish which building conditions – including but not 
limited to the building structure type, foundation type and mechanical system – have the greatest 
impact on CFU levels within the home.  Ultimately, it is anticipated that the data will enable 
development of recommended cut-off points for CFU levels for mould within the home in order to 
minimize the deleterious effects mould have on the respiratory health of children. 
 
Acknowledgements 
This study was funded by the Canadian Institutes of Health Research (CIHR) – Institute of Population 
Health, as well as the Manitoba Health Research Council and the CIHR- Regional Partnership 
Program.   
 
We would like to thank all the families who participated in this study and who allowed us into their 
homes to conduct an extensive housing audit, including the collection air samples. 
 
We are indebted to Mary Cheang, Senior Analyst, and to Dan Chateau, Research Associate, from the 
Biostatistics Consulting Unit of the Department of Community Health Sciences, Faculty of Medicine, 
University of Manitoba. Their assistance with the statistical analyses of the data is appreciated. 
 
Other members of the larger research team include Anita Kozyrskyj, Associate Professor, Department 
of Community Health Sciences, Faculty of Medicine and Faculty of Pharmacy, University of Manitoba 
and Kimberly Thompson, Associate Professor of Risk Analysis and Decision Science, Harvard 
Medical School.  
 
 
 
 
 
 



 

 

 

16

References  
Alberta Health and Wellness. (1999). Minimum Housing and Health Standards. Edmonton: Alberta Health and Wellness. 
Andriessen J.W., Brunekreef B., Roemer W. (1998). Home dampness and respiratory health status in European children. Clin Exp 

Allergy. 28(10):1191-1200.  
Bonnefoy X.R., Brauback M., Moissonnier B., Monolbaev K., Robbel N. (2003). Housing and health in Europe: Preliminary results of a 

Pan-European study. American Journal of Public Health. 93(9):1559-1563. 
Bonnefoy X.R., Annesi-Maesano I., Aznar L.M., Braubach M., Croxford B., Davidson M; Ezratty V; Fredouille J; Gonzalez-Gross M; 

van Kamp I; Maschke C; Mesbah M., Moissonnier B., Monolbaev K., Moore R., Nicol S., Niemann H., Nygren C., Ormandy D., 
Röbbel N., & Rudnai P. (June 2004). Review of evidence on housing and health. Fourth Ministerial Conference on Environment 
and Health, Budapest, Hungary, 23–25. 

Bornehag C.G., Blomquist G., Gyntelberg F., Jarvholm B., Malmberg P., Nordvall L.  et al. (2001). Dampness in buildings and health. 
Indoor Air , 11:72-86. 

Bornehag C.G., Sundell B.J., Bonini S., Custovic A., Malmberg P., Skerfving S, et al. 2004. Dampness in buildings as a risk factor for 
health effects, EUROEXPO: A multidisciplinary review of the literature (1998-2000) on dampness and mite exposure in buildings 
and health effects. Indoor Air. 14: 243-257. 

Breysse P., Farr N., Galke W., Lanphear B., Morley R., & Bergofsky L. (November 2004). The relationship between housing and Health: 
Children at risk. Environmental Health Perspectives, 112(15). 

http://www.cdc.gov/MMWR/preview/mmwrhtml/mm5502a6.htm [accessed 13 September 2006] 
City of Winnipeg. Maintenance and Occupancy By-Law No. 4903/88. (2003). Winnipeg: City of Winnipeg. 
Commission for European Communities (CEC). (1994). Biological particles in indoor environments – Report #12. CEC: Luxembourg.  
Curtis L., Lieberman A., Stark M., Rea W., Vetter M. (September 2000). Adverse health effects of indoor moulds. Journal of Nutritional 

& Environmental Medicine, 14(3): 261–274  
Dales RE, Miller D, McMullen E. (1997). Indoor air quality and health: Validity and determinants of reported home dampness and 

moulds. International Journal of Epidemiology, 26(1):120-125. 
Dekker C., Dales R., Bartlett S., Brunekreef B., Zwanenburg H. (1991). Childhood asthma and the indoor environment. Chest, 100(4): 

922-925. 
Douwes J., & Pearce N. (2003). Invited commentary: Is indoor mould exposure a risk factor for asthma? American Journal of 

Epidemiology, 158(3): 203-206. 
Dunn J.R., (2002). Housing and inequalities in health: A study of socioeconomic dimensions of housing and self reported health from a 

survey of Vancouver residents,  J. Epidemiol. Community Health, 56:671-681. 
Dunn J.R., Hayes M., Hulchanksi D., Hwang S., Potvin L. (2003). A needs, gaps and opportunities assessment for research: Housing as 

a socio-economic determinant of health. Ottawa. 
Eman A., (2002).  Housing and health (New Zealand), Ph.D. Dissertation, The University of Auckland (New Zealand).   
Engvall K., Norrby C., Norback D. (2001). Asthma symptoms in relation to building dampness and odour in older multifamily houses in 

Stockholm. Int J Tuberc Lung Dis, 5(5):468-477. 
Evans J., Hyndman S., Stewart-Brown S., Smith D., Petersen S. (2000). An epidemiological study of the relative importance of damp 

housing in relation to adult health. Journal of Epidemiology and Community Health, 54: 677-686. 
Garrett M.H., Rayment P.R., Hooper M.A., Abramson M.J., & Hooper B.M. (1998). Indoor airborne fungal spores, house dampness and 

associations with environmental factors and respiratory health in children. Clinical and Experimental Allergy, 28: 459-467. 
Gent, J., Ren, P., Belanger, K., Triche, E.,  Bracken, M., Holford, T. (2002). Levels of household mould associated with respiratory 

symptoms in the first year of life in a cohort at risk for asthma. Environmental Health Perspectives, 110(12):781-786. 
Glaxo Smith Kline Inc. (2001). Asthma in Canada: A landmark survey, Paediatric Version. Mississauga, Ontario: GSK. 
Grant, C., Hunter, C.A., Flannigan, B. & Bravery, A.F. (1989). The moisture requirements of moulds isolated from domestic dwellings. 

International Biodeterioration, 25(4):259-284.  
Gunnbjornsdottir M.I., Norback D.., Plaschke P., Norrman E., Bjornsoon E., Janson C.  (2003). The relationship between indicators of 

building dampness and respiratory health in young Swedish adults. Respiratory Medicine, 97: 302-307. 
Gunnbjörnsdottir, M.I., Norbäck, D., Plaschke, P., Norrman, E., Björnsson, E. & Janson, C. (2003). The relationship between indicators 

of building dampness and respiratory health in young Swedish adults. Respiratory Medicine, 97(4): 302-307.  
Haas D., Habib J., Galler H., Buzina W., Schlacher R., Marth E., &Reinthaler F.F. (2007). Assessment of indoor air in Austrian 

apartments with and without visible mould growth. Atmospheric Environment, 41(25): 5192-5201.  
Hagerh L., Bornehag C.G., Sundell  B.J. (2002). Dampness in buildings and health: Building characteristics as predictors for dampness in 

8,681 Swedish dwellings. Indoor Air, 14(4).  
Halverinin U., Vahteristo M.,  Moschandreas D., Nevalainen A., Husman T., &  Pekkanen J., (2003). Knowledge-based and statically 

modeled relationships between moisture damage and occupant reported health symptoms. Atmospheric Environment. 37(4), 577-
585 

Haverinen-Shaughnessy U., Pekkanen J., Hyvarinen A., Nevalainen A., Putus T., Korppi M., & Moschandreas D. (June 2006). Children's 
homes – determinants of moisture damage and asthma in Finnish residences. Indoor Air, 16(3):248-55. 

Health Canada. (1995).  Exposure guidelines for residential indoor air quality: A report of the Federal-Provincial Advisory Committee 
on Environmental and Occupational Health. Ottawa: Minister of Supply and Services Canada. 

Healthy Indoors Partnership (2002). Achieving healthy indoor environments in Canada. Available from: URL: 
http//www.HealthyIndoors.com 

http://www.cdc.gov/MMWR/preview/mmwrhtml/mm5502a6.htm
http://www.healthyindoors.com/


 

 

 

17

Hung, W.W., & Kimbrough, J.W. (1997). Mould allergy in a risk factor for persistent cold-like symptoms in children. Clin Pediatr 
(Phila), 36: 695-692. 

Immonen J., Meklin T., Taskinen T., Nevalainen A., & Korppi M. (2001). Skin-prick test findings in students from moisture and mould 
damaged schools: A 3-year follow-up study. Pediatr Allergy Immunol, 12: 87-94. 

Institute of Medicine (IOM). (2004). Damp indoor spaces and health. Washington, DC: The National Academies Press. 
Iversen M., Bach E. & Lundqvist G. (1986). Health and comfort changes among tenants after retrofitting of their housing. Environment 

International, 12(1-4):161-166.  
Jaakkola J.J.K., Hwang B.-F., & Jaakkola N., (March 2005). Home dampness and moulds – Parental atopy, and asthma in childhood: A 

six-year population-based cohort study”, Environmental Health Perspectives, 113(3): 357-361. 
Jaakkola M.S., Nordman H., Piipari R., Uitti J., Laitinen J., Karjalainen A., et al. (2002). Indoor dampness and moulds and development 

of adult-onset asthma: A population-based incident case-control study. Environmental Health Perspectives, 110(5): 543-547. 
Jacob B., Ritz B., Gehring U., Koch A., Bischof W., Wichmann H. E., & Heinrich J. (2002). Indoor exposure to moulds and allergic 

sensitization. Environ. Health Perspect, 110: 647-653. 
Jovanovic S., Felder-Kennel A., Gabno T., Kouros B., Link B., Maisner V., Piechotowski I., Shick K.-H., Schrimp F. M., Weidner U., 

Zollner I., & Schwenk, M. (2004). Indoor fungi levels in homes of children with and without allergy history. International 
Journal Hygiene Environmental Health, 207: 369-378. 

Kalliokoski, P. (2000). Fungal growth and survival in building materials under fluctuating moisture and temperature conditions. 
International Biodeterioration & Biodegradation, 46(2):117-127.  

Kilpelainen M.,  Terho E.O., Helenius H., & Koskenvuo M. (2001). Home dampness, current allergic diseases and respiratory infections 
among young adults. Thorax, 56:462-467.  

Lieberman, A. Curtis, Stark, R., Vetter, M. (September 2004). Adverse health effects of indoor moulds.  Journal of Nutritional & 
Environmental Medicine, 14(3): 261-274. 

Meklin T., Husman T., Vepsäläinen A., Vahteristo M., Koivisto J., Halla-Aho J., Hyvärinen A., Moschandreas D., Nevalainen A. 
(September 2002). Indoor air microbes and respiratory symptoms of children in moisture damaged and reference schools. Indoor 
Air, 12(3): 75. 

NIOSH. (March 2003). Health Hazard Evaluation Report: HETA #2001-0067-2896, Somerset County Assistance Office, Somerset, 
Pennsylvania”, Cincinnati, OH. 

Office of Public Sector Information (OPSI) Statutory Instrument 2005 No. 3208:  (2005). The Housing Health and Safety Rating System 
(England) Regulations 2005, http://www.opsi.gov.uk/si/si2005/20053208.htm  Accessed August 25, 2006. 

Pasanen A.-L., Niininen  M. , Kalliokoski P.,  Nevalainen  A. , and  Jantunen  M. J.,  (1992), Airborne Cladosporium  and 
other fungi in damp versus reference residences,  Atmospheric Environment Vol. 26b, No. 1, 121-124 

Peat J.K., Dickerson J., & Li J. (1998). Effects of damp and mould in the home on respiratory health: A review of the literature. Allergy, 
53:120-128. 

Pekkanen J., Hyvarinen A., Haverinen-Shaughnessy U., Korppi M., Putus T., Nevalainen. A., et al. (2007).  Moisture damage and 
childhood asthma: a population-based incident case-control study, European Respiratory Journal, 29: 509-515.  

Province of Manitoba (2001).  Guidelines for mould investigation, assessment, and remediation – Workplace Safety and Health Division. 
Safe Work Bulletin, 8-9. 

Rosenberg M.W., & Wilson K. (2001). Exploring the links between health and housing: The limitations of population health surveys. 
GeoJournal, 53: 109-116. 

Ross M. A., Curtis L., Scheff P.A., Hryhorczuk D. O., Rama Krishnan V.M, Wadden R.A., & Persky, V.W. (2000). Association of 
asthma symptoms and seventy with indoor bioaerosols. Allergy, 55: 705-711.  

Said M.N.A., Brown W.C., Shirtliffe C.J., & Maurenbrecher A.H. P. (1999). Monitoring of the building envelope of a heritage house: A 
case study. Energy and Buildings, 30(3): 211-219.  

Skorge T.D.,  Eagan M.L., Eide G.E., Gulsvik A., & Bakke P.S. (2005). Indoor exposures and respiratory symptoms in a Norwegian 
community sample, Thorax, 60:937-942. 

Spengler J.D., Jaakkola K.J.J., Parise H., Katsnelson, Privalova L.I., Kosheleva A.A. (April 2004).  Housing characteristics and 
children’s respiratory health in the Russian Federation. American Journal of Public Health, 94(4):657-662 

Stark P., Burge H., Ryan L., Milton D., & Gold R., (2003). Fungal levels in the home and lower respiratory tract illnesses in the first year 
of life. American Journal of Respiratory and Critical Care Medicine, 168: 232-237. 

Stewart J. (2002). The housing health and safety rating system - a new method of assessing housing standards reviewed. Journal of 
Environmental Health Research, 1(2):35-41. 

Sun Y., Sundell J. & Zhang Y. (2007). Validity of building characteristics and dorm dampness obtained in a self-administrated 
questionnaire. Science of The Total Environment, 387(1-3): 276-282.  

Trechsel, H.R. et al., (2001). Moisture analysis and condensation control in building envelopes, ASTM-MNL 40:West Conshohocken, 
PA. 

U.S. Department of Housing and Urban Development (HUD). (1999). Section 8 Housing Quality Standards (Code of Federal 
Regulations):24CFR982.401. U.S. Government Printing Office. 

U.S. Environmental Protection Agency (EPA). (2001). Healthy buildings, healthy people: A vision for the 21st century. Washington, DC: 
EPA. 

Walker N. (2003). National Housing Research Committee (NHRC) forms new working group to explore health and housing links. NHRC 
Newsletter, Spring: 5. 

Wan G.H., & Li C.S.(1999). Dampness and airway inflammation and systemic symptoms in office building workers. Archives of 
Environmental Health, 54(1): 58-63.  

http://www.opsi.gov.uk/si/si2005/20053208.htm


 

 

 

18

Williamson I.J., Martin C., McGill G., Monie R.D.H., & Fennery A.G. (1997). Damp housing and asthma: A case-control study. Thorax, 
52(3): 229-234. 

Yang C., Chiu J., Chiu H.,  & Kao W. (1997). Damp housing conditions and respiratory symptoms in primary school children. Pediatric 
Pulmonology, 24: 73-77. 

Zacharasiewicz A., Zidek T., Hairdinger G., Waldhor T., Vutuc C. et al. (2000). Symptoms suggestive of atopic rhinitis in children aged 
6-9 years and the indoor environment. Allergy, 55: 945-950. 

Zock J., Jarvis D., Luczynska C., Sunyer J., & Burney P.  (August 2002). Housing characteristics, reported mould exposure, and asthma - 
The European Community Respiratory Health Survey (ECRHS). J Allergy Clin Immunol. 

 
 


