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ABSTRACT

Background

Increasing evidence is reported supporting associations between
exposure to indoor microbial growth/dampness in water-
damaged buildings (WDB) and increased respiratory and allergic
symptoms.  Less attention is paid to  associations between
indoor microbial growth/dampness with multi-system and non-
respiratory adverse health effects. Contrary to the medical
literature, testimony is given in court that it is very unlikely for
sufficient mycotoxin to amass in WDB to cause multi-system
illness. We reviewed epidemiological evidence of multi-system
associations between exposure and adverse health -effects
published from 2011-2018.

Methods

We performed a comprehensive PubMed literature search
targeting epidemiological articles referencing indoor microbial
growth/dampness and adverse human health effects.  We
reviewed articles using a pre-determined format. Articles were
sorted into 2 classes, non-supportive and supportive. Supportive
articles were sorted into reports demonstrating statistically
significant associations between indoor microbial
growth/dampness and adverse human health at levels of: i) at
least one association with OR (odds ratio) or RR (relative
risk) >2.0; ii) an OR or RR >1.5; iii) an OR or RR >1.25; or iv)
the inability to calculate an OR or RR from the published data.

Results

One hundred fourteen epidemiological articles were identified
referencing chronic indoor microbial growth/dampness exposure
with adverse human health effects. One hundred twelve (98.2%)
were supportive linking chronic exposure to the interior of WDB
and altered human health. Results referenced numerous systems
including respiratory, neurological, immunologic (allergic and
non-lIgE mediated), cognitive, ophthalmologic and dermatologic
among others.  Seventy-nine articles reported one or more
statistically significant OR or RR >2.0. Ninety-eight studies
reported one or more OR or RR >1.50. Thirteen studies were
supportive without adequate data to calculate OR or RR.

1

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



Internal Medicine Review

A Comprehensive Review of Mold Research Literature from 2011 - 2018

Abbreviations Used
List of acronyms:

AAAAI
ACTH
ACOEM
ADH
CBAI
cDC
CIRS
ERMI
GAO
HLA
IOM
MMP9
MSH
MSQPCR
NIOSH
NQ
OR

RR
SAIIE
TGF-B1
WDB
WHO

VCS

January 2020

Conclusions

Of 114 epidemiological articles, 112 (98.2%) were supportive of
single/multi-system symptoms. The current literature supports
multi-system adverse human health effects in those chronically
exposed to indoor microbial growth/dampness.
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BACKGROUND

Respiratory System Adverse Health
Effects

While there is increasing evidence

supporting associations between exposure to
dampness and microbes with respiratory
health, adverse health effects on other body
systems have been less studied and are
contested in few publications. An ongoing
area of controversy is the assertion of
causation that adverse human health effects
are acquired following exposure to damp
indoor environments. A WDB is defined as
a structure with water intrusion not resolved
within 2 days followed by microbial
growth/amplification as evidenced by visible
mold, bacteria and/or actinomycetes; musty
smells; or abnormalities in mold testing such
as DNA-based mold specific quantitative
polymerase chain reaction (MSQPCR).
While there is a paucity of prospective
experimental studies that could confirm risk,
there exists a robust epidemiologic literature
examining the association of a diversity of
symptoms acquired following exposure to
WDB.

Since the publication of the Health
Committee of  the Institute of
Medicine (IOM)* in 2004, there is little
argument that damp indoor spaces are
associated with an increase in respiratory
and allergic health problems. By 2009, the
World Health  Organization’s 1report2
concluded that the level of evidence was
almost sufficient to establish causality for
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asthma exacerbation. They agreed with the
IOM (2004) Damp Indoor Spaces report*
findings that sufficient evidence of an
association with upper respiratory tract
symptoms, cough and wheeze
existed. Between 2009 and 2018, further
data in meta-analyses and reviews
investigating the increased risk of asthma or
rhinitis associated with exposure to mold
concluded that sufficient evidence of an
association  between qualitative mold
exposure and asthma development also
existed.® Caillaud et al., 2018, went further
and concluded in their review
“Indoor Mould Exposure, Asthma and
Rhinitis: Findings From Systematic Reviews
and Recent Longitudinal Studies”, that  in
children there was both sufficient evidence
of a causal relationship for asthma
development and exacerbation as well
as sufficient evidence of an association with
allergic rhinitis.?

Adverse Health Effects Associated with
Other Systems

While the association between mold
exposure and respiratory symptoms has
grown in certainty, broader health effects
from exposure have fewer data and are still
contested. In 2008, the Government
Accountability Office of the United States
(GAO), published the following table
documenting the potential adverse health
effects of exposure to indoor mold, citing
data only from Federal guidance
documents.* (Figure 1).
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L e e S e PO ST
Table 1: Potential Adverse Health Effects of Exposure to Indoor Mold Cited in Six or More Guidance Documents, by Federal

Agency

Number of documents reviewed, by agency

Potential adverse health effects of

exposure to indoor mold CPSC’ (2)

EPA (12)

Total number of
documents citing

FEMA (8) HHS(6) HUD(6) the health effects

Number of documents citing the health effects

Asthma, asthma triggers, or asthma
symptoms (such as episodes or

attacks) 2 11 6 ) 6 27
Upper respiratory tract symploms 2 4 6 6 5 21"
Eye symptoms 2 3 6 6 5 20"
Skin symptoms’ 1 2 5 5 16"
Allergies or allergic reactions

(symptoms not otherwise specihied) 7 Rl 3 1 15
Wheeze 1 1 5 2 13"
Cough 2 2 4 2 10"
Difficulty breathing or trouble

breathing 1 1 3 2 4 10
Infections (including those affecting

people who have chronic lung

disease) 0 1 3 6 0 10
Adverse effects to the nervous

system 1 1 3 a 8"
Shortness of breath 1 1 3 0 "
Fungal colonization or opportunistic

infections in immunea-compromised

individuals 0 0 1 6"
Hypersensitivity pneumonitis 1 4 0 1 &'

Source. GAD anaysis of selested loderl gudence

Figure 1. GAO Table of Potential Adverse Health Effects of Exposure to Indoor Mold

Although they were not listed in the table (as
they were only cited in five or fewer
guidance  documents), the report also
referenced fatigue, fever, dizziness, and
gastrointestinal tract problems as adverse
health effects resulting from exposure to
indoor mold.* The GAO report was not
intended to be comprehensive; it reviewed
only governmental “fact sheets” and 20
mold review articles. A more comprehensive
review was penned by Shoemaker et al., in
2010, citing 632 papers.®

Independently, from 1997 on,
Shoemaker noted many patients with a
syndrome often triggered by chronic
exposure to the interior of WDB. In a
retrospective study of one thousand
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consecutive patients seen at a single medical
clinic specializing in diagnosis and
treatment of patients made ill by exposure to
WDB, 37 symptoms were identified (35 out
of 37 symptoms were statistically
significant) as differentiating cases from
controls.® The identified symptoms were
fatigue, weakness, aches, cramps, unusual
pain (including ice pick pain and lightning
bolt pain), joint pain, morning stiffness,
headache, skin sensitivity, light sensitivity,

red eyes, Dblurred vision, tearing, sinus
problems, cough, shortness of breath,
abdominal pain, diarrhea, numbness,

tingling, metallic taste, vertigo, memory
loss, decreased focus/concentration,
confusion, decreased assimilation of new
knowledge, decreased word finding ability,
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disorientation, excessive thirst, frequent
urination, static shocks, night sweats, mood
swings, temperature regulation and appetite
swings.

Chronic Inflammatory Response
Syndrome, a Dysregulated Chronic
Innate Immune Activation

As a result of this ongoing research, in
2006 Shoemaker published a case definition
for CBAI (chronic biotoxin-associated
illness)® requiring i) exposure to a WDB, ii)
presence of symptoms in four of eight
systems, iii) absence of confounders, iv)
abnormalities in three of six objective
parameters including visual contrast
sensitivity (VCS), a-melanocyte stimulating
hormone (MSH), matrix metalloproteinase 9
(MMP9), human leukocyte antigen (HLA)
DR haplotypes, dysregulation of antidiuretic
hormone (ADH)/osmolality, and
dysregulation of adrenocorticotropic
hormone (ACTH)/cortisol, and v) response
to appropriate therapy.”® The GAO 2008
report also offered a case definition for all
WDB-based illnesses  which  exactly
paralleled the 2006 case definition of
CBAL*

The mechanism of illness proposed for
CBAI was dysregulated chronic innate
immune activation.’® This multi-symptom
multi-system illness became known as
Chronic Inflammatory Response Syndrome
(CIRS) in 2010. When the exposure was
from WDB, it was called CIRS-wDB.!
Recent research in a mouse model by
Harding et al. (2019), provided testing of
this very hypothesis; that repeated,
quantified doses of both toxic and nontoxic
mold stimuli would cause innate immune
activation with concomitant neural effects
and cognitive, emotional, and behavioral
symptoms.*?  Understanding that data in a
mouse does not always translate to data in a
human, Harding et al. (2019) provided
prospective data consistent with both

5

prospective  and  retrospective  data
previously presented in humans.*> This is
another study demonstrating exposure to
known quantities of both toxic and nontoxic
mold spores activates a central neural
immune  response  with  concomitant
cognitive and emotional dysfunction.

Harding et al.’s'® research confirmed that
innate immune system activation occurred
as a direct result of indoor mold exposure
which is the central tenet of the
pathophysiology of CIRS. Chronic innate
immune system activation paired with an
HLA predisposing hole in antigen
presentation in most CIRS patients leads to
eventual innate immune system
dysregulation. Almost all CIRS patients are
MSH deficient causing numerous other
regulatory abnormalities (sleep cycles, ADH
and ACTH production, presence of multiply
antibiotic resistant biofilm-forming
coagulase-negative Staphylococci in nasal
carriage, interference with beta-endorphin
production, leptin resistance and more).
Capillary hypoperfusion is seen in almost all
patients in the extremities but also in some
with brain MR spectroscopy.
Dysregulations of ADH with osmolality
with/or dysregulations of ACTH with
cortisol are seen in almost every CIRS
patient along with some grouping of sleep,

appetite, temperature  perception and
autonomic abnormalities.  Hypothalamic
function impairment appears to extend

beyond decreased MSH production alone.*®

As early as 2006, Shoemaker
and Maizel presented experimental evidence
for causality for CIRS through
prospective exposure studies in patients who

had previously  improved with CIRS
treatment. They used controlled repetitive
exposure  protocols and  meticulous

documentation of baseline and worsening of
symptoms, VCS testing and objective lab
parameters when re-exposed to a WDB.
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Patient exposures were Craner, (2008) in “A Critique of the
controlled.  Symptoms and objective ACOEM Statement on Mold: Undisclosed

parameters returned to control levels with
re-treatment. Several repetitive re-exposure
trials were conducted over a course of six
days documenting sequential activation of
innate immune elements (SAIIE).>*** This
research served to support the potential for
causation of indoor microbial exposure and
multi-symptom illness.

Use of Flawed Position Statements in
Litigation

Despite this growing literature supporting
the associations between indoor microbial
growth/dampness and multi-system
symptoms, medical experts testify in courts
that chronic exposure to indoor mold cannot
cause health problems beyond infection,
(Ige-mediated) allergy, and direct toxicity
from toxins, contrary to what GAO, WHO
(World Health Organization) and
other governmental review positions
state. ©*'® In litigation, experts testifying
for defense interests often cite former
position statements from professional
academies that previously supported the
position that microbial growth could only
cause allergic symptoms and not immune-
related symptoms such as chronic fatigue or
cognitive effects.’

The American College of Occupational and
Environmental Medicine (ACOEM)
published such a statement in 2002 and
again in 2011. The American Academy of
Allergy, Asthma and Immunology (AAAAI)
also published such an article in 2006.* Not
one of the three opinion statements currently
serves as the position statement for either of
these organizations. These former position
statements claim there is little or no medical
literature that supports inhaled microbial
products, especially mold and fragments of
mold spores, causing expanded symptoms,
and are cited as authoritative.

6

Conflicts of Interest in the Creation of an
‘Evidence-based' Statement,” described the
ACOEM 2002 position paper as resembling
a litigation "defense report™ which omitted
or inadequately acknowledged research
validating the association between mold and
building-related  symptoms®  but  this
appeared to have had little impact on the use
of the ACOEM and AAAAI statements in
litigation. The US GAO called out and
criticized the AAAAI 2006 paper for failure
to include assessment of known
immunological effects (pg. 16)."  The
American College of Medical Toxicology
created a position statement which was also
strongly based on the flawed ACOEM 2002
paper and cited the AAAAI 2006 paper too.
This statement was toxicologically based
and also failed to mention the immune
effects the AAAAI 2006 paper was
criticized for not including.

We sought to evaluate the sources of
conflicting opinions by reviewing published
literature to determine the current state of
the medical literature. We searched
published data to answer two key questions:
Is there adequate evidence supporting
causation of multi-system illnesses from
exposure to the interior of WDB? What
organ systems show association of adverse
effects following exposure(s)?

METHODS

Search Strategy

We performed a systematic literature search
of PubMed database from 2011 through
November 2018, using the following search
terms - Mold/Mould/Dampness (no MESH
search terms) AND each of the following
(with MESH search terms) listed in Table 1.
We did not search for unpublished articles.
Figure 2 describes the methods for article
selection.
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Initial PubMed search
with no MESH terms:
“Mold”, “Mould”,
“Dampness”

\

KAND search with MESH terms: “Systemic”,
“Ophthalmic”, “Peripheral Nervous System”, “Central
Nervous System”, “Respiratory”, “Musculoskeletal”,
“Endocrine”, “Urinary”, “Gynecological”,
“Gastrointestinal”, “Cardiovascular”, Anxiety”,

A
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“Autoimmune”, “Chronic Fatigue”, “Cognitive”,
“Headache”, “Immunologic”, “Joint Pain”, “Mental
Health”, “Multiple Chemical Sensitivity”,
“Neurodegenerative Diseases”, “Neurological”,
“Neuropsychological”, “Rheumatologic”, “Shortness of

KBreath”, “Sleep” /

/ Removed Chinese Medicine Dampness \
Diagnosis references
Removed Tissue Engineering references

Initial articles

(N=1396)

Removed Mould and Mold as authors
Removed Slime Mold references

( Reviewed by titles

A

Removed other unrelated references
Removed studies of other associations
Removed references for other definitions

and abstracts

of mold

-

)

Remaining articles

(N=663)

\

Removed duplicate articles
Removed articles relating to allergic
response

( Reviewed by titles

A

Removed articles relating to
infections
Removed non-epidemiological studies

and abstracts

-

J
\

Remaining articles

(N=199)

Removed review articles

Removed other unrelated articles not
previously identified

Removed systematic reviews and meta-
analyses

( Reviewed by abstracts

A

A

Removed guidelines
Removed articles that assessed other
outcomes

A

A

and full text

/

Final articles used

(N=114)

Figure 2. Methods for Article Selection
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Table 1. List of Search Terms used with Mold/Mould/Dampness

Systemic Ophthalmic

Musculoskeletal
Gastrointestinal

Respiratory
Gynecological

Autoimmune Chronic Fatigue
Immunologic Joint Pain
Neurodegenerative  Neurological
diseases

Shortness of Breath ~ Sleep

The initial search yielded 1396 articles. For
this study we identified the followinga
priori eligibility criteria: the study (i) was an
original study, (i) was a
cohort/longitudinal, cross-sectional,
case/control or case series/case history (iii)
reported on the relationship between mold or
dampness with any adverse human health
effect, without regard to method for
quantifying exposure and (iv) was published
in the peer reviewed literature between 2011
and November of 2018. Studies were
excluded if not epidemiological, not
available in English (with two exceptions,
see Results - Literature Search) or if only
abstracts were available (with one exception,
see Results - Literature Search).

Data Extraction and Quality Assessment

We reviewed eligible studies, and the
relevant characteristics were recorded in a
standard form for data extraction. These
forms were used to populate data synthesis
tables. In observational studies, risk of bias
assessment IS more complex
than in randomized control trials and can
be prone to bias and confounders.?* At
present, there is not an international standard

Neuropsychological

8

Peripheral Nervous System Central Nervous

System
Endocrine Urinary
Cardiovascular Anxiety
Cognitive Headache
Mental Health Multiple chemical
sensitivity

Rheumatologic

for assessing bias in human observational

studies and available tools have serious
limitations such as lacking adequate
description and evaluation, and time-

consuming and cumbersome to implement.?
Consequently, although we had initially
planned a quality assessment for each
article, since we were unsuccessful in
finding a reliable tool to objectively evaluate
each report, we did not perform a formal
bias or quality assessment.

Data Analysis

For studies or case histories that did not
contain a Relative Risk or Odds Ratio, we
calculated them using standard OR formulas
where the data allowed. Studies with
calculated ORs can be found in Table 2.
Details of the calculations are available upon
request. Calculations and statistics were
performed using Excel (Office 365). Chi-
squared calculations were performed on the
online chi-squared calculator at
www.socscistatistics.com/tests/chisquare/def
ault2.aspx. Findings were considered
statistically significant if they met 95%
confidence level or had p-values <0.05.
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Table 2. Author Calculated OR*
# of
. of OR OR
Author Study name Type of Study Parti- # of Cases Controls Data used >2.0 515
cipants
Mean % of children in
Asthma Risk Mecca with asthma or
Associated with resp ill = 17.5%
Indoor Mold (OR>2), p<0.05
Sinclair et Contamination in  Cross- 695 Mean % of children in Yes
al., 2018% Hispanic sectional Coachella City with
Communities in asthma or resp ill =
Eastern Coachella 17.5% (OR>2), p
Valley, California <0.05
Investigation of AnORof 1.74and p =
indoor molds and .0044. Association of
Celtik et al., allergic diseases in  Cross- 1374 increased spore counts Yes
2011 public primary  sectional ! with asthma symptoms
schools in Edirne in the previous 12
city of Turkey months
Ocular  symptoms
and tear film break NemTvEshE Tear
ggongn}smoﬁﬂ;—% Szl e
Norback et school students in Cross- 368 associated with total Yes
al., 2017% P Malavsi sectional Fungal DNA - drop of
enang, Malaysia - 4.2 seconds - lowest
Associations  with tile— OR = 3
fungal DNA in quar
school dust
Quality of life of Decreased quality of
patients with life with occupational
;anz/glla325 et asthma related to Serc(ﬁ(s)hal 1,267 asthma and  work Yes
" damp and moldy exacerbated asthma —
work environments OR=15
6 in 30  with
Severe Sequelae to hypothyroidism — OR=
. Mold-Related 34
Tuumlne_n lIness as Two cancers in 50 kids
and Rinne, - Cohort 89 - Yes
20177 Demonstrated_ in —-OR=6 )
Two Finnish 3 breast cancers in 25
Cohorts female teachers — OR
=6
Abnormalities in MSH
- OR = 173
abnormalities in
Structural brain f?';lcr’]sgggéacuzy:og E
abnormalities in - _
. . 5.33, memory — OR =
patients with 16
inflammatory f ' y trati B
illness acquired Oo;us ci)nce?Yra fon d
Sthgﬁmzaokle;zg following exposure  Case/Control 17 18 selectio_n 3 O’R :W(irs Yes

to water-damaged

buildings: a
volumetric MRI
study using
NeuroQuant®

decreased assimilation
— OR = oo, confusion —
OR = oo, disorientation
— OR = o0, numbness —
OR = oo, tingling — OR
= 16, vertigo — OR =
13, metallic taste — OR
= oo, tremor — OR =

" Celtik et al., reported there were no associations between measured amounts of mold spores in 10 schools and human health effects, but an
analysis of the data showed at least one association existed. (25) The 10 schools were evaluated by total mold spore counts. Data inspection
revealed the two schools with the highest spore counts (#2 and #8) both had more than double the spores of any other school. Those 2 schools
also showed the highest and third highest percentage of children with asthma symptoms in the previous 12 months. There was an association
between spore counts and asthma symptoms in the previous 12 months.

" Details of calculations available on request.
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RESULTS

Literature Search

The sequential approach to the literature
search is found in Figure 2. One hundred
fourteen studies met the search parameters.
Two articles were translated using Google
Translate.”®* One abstract from an article
published in Chinese was included, as
detailed data with statistically significant
results was listed in the abstract.®*
Participant Characteristics of Included
Studies

Eligible articles consisted of 78 Cross-
Sectional Studies, 18 Cohort Studies, 15
Case/Control ~ Studies and 3  Case
Series/Case History. The combined total
number of participants, households, and
families, in the 114 studies was 270,454

with 1,493 additional cases and 1,846
controls (one study had >46,000
participants).  Details can be found in
Appendix 1. Two cross-sectional studies
and three case/control studies assessing
different parameters evaluated the same
participants and are included only once in
the total number of participants. Participant
characteristics from errors in Appendix 1
below.
Number of Studies
Location

The number of countries represented was
over 30 from 5 continents. Details of the
countries represented, and the number of
studies associated with each country are
listed in Table 3 with a corresponding map
in Figure 3.

by Geographic

Table 3. Geographic Locations and Number of Studies

Australia
Belgium
Canada
Chile

China
Denmark

2+ European Countries
Finland
France
Georgia
Germany
Great Britain
International
Italy

Japan

USA

NN WEFEPNWOWNP,POOF, OFL 00 - -

Korea
Malaysia
Menorca Island
Mexico

New Zealand
Norway
Pakistan
Poland
Portugal
Romania
Scandinavia
Serbia
Sweden

The Caribbean
Turkey
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-
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Figure 3. Map showing Geographical Distribution of Studies

Multi-system Associations

Adverse health effects were
classified accordingto the eight body
systems (Table 4) referenced in “Diagnostic
Process for Chronic Inflammatory Response
Syndrome (CIRS): A Consensus Statement
Report of the Consensus Committee of
Surviving Mold”.** When adverse health
effects did not fit in these categories, we
created a new category (Table 5). Asthma
and  Allergies were included as
immunologic in addition to the respiratory
system because these illnesses incorporate
deranged immunologic components. In
articles that assessed a constellation of
symptoms, including the imprecise
appellation of “Sick Building Syndrome,” or
combined symptoms for statistical analysis,
the statistically significant results were
added to all appropriate
categories referenced.

11

Upon analysis of the 114 articles, we found
that 92 reported results with one of more
statistically significant RR or OR (>1.5) and
2 reported results with no associations. Six
of the remaining 20 articles provided data
enabling the authors to perform an OR
calculation. All 6 articles had one or more
statistically significant associations with OR
>1.5. These studies are listed in Table 2.

Table 4. Eight Body Systems Used in
Describing CIRS

General
Musculoskeletal
Eye

Respiratory
Gastrointestinal
Cognitive
Hypothalamic
Neurologic

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.
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Table 5. Additional Categories Identified
in the Literature Beyond the 8 Systems

Immunologic
Dermatologic
Otolaryngologic
Mental Health
Infectious Disease
Pregnancy
Neonatal
Cardiovascular

Of the remaining 14 articles, 13 did not
publish data allowing for OR calculation,
and 1 article reported an OR >1.25. These
studies’ authors reported their findings
supported adverse human health effects.
Therefore, we found that 112 of the 114
articles were supportive of associations
between exposure to the interior of WDB
and adverse health effects. Further, we
found i) 79 studies reported at least one
statistically significant (at 95% confidence
level) OR or RR of >2.0; 11) 98 reported an
association with OR or RR of >1.50; and iii)
99 reported an association with OR or RR of
>1.25. Two articles reported no associations
and insufficient data was reported to
calculate an OR or RR in 13. By individual
findings, total statistically significant
associations at 95% confidence level in
these articles were: 1) OR or RR of >2.0,
251 associations; 2) OR or RR of >1.50, 384
associations; and 3) OR or RR of >1.25, 460

associations. References reporting no
associations  were 5. Results are
summarized in Table 6.
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Table 6. OR/RR Associations from 99
articles*
OR/RROR/RROR/RRNo
>2.0 >1.5 >1.25 Assoc.
Number 79 98 99 2
of
articles
Number
of
references
*6 calculated by Authors

251 384 460 5

The number of supportive studies and
evidence varied for each system, as different
systems were examined in each study. One
hundred reports further supported previous
works regarding respiratory, and 60
supported immunological effects. Twenty-
four supported general adverse health effects
and 16 studies supported cognitive decline.
Fewer studies evaluated for the rest of the
systems with only 2 studies showing no
associations with respiratory and
immunological symptoms. One of those
two studies also showed no association with
dermatologic symptoms. All other systems
evaluated demonstrated zero (-0-) studies
showing no associations with that system.
Details of these references are summarized
in Table 7.

Articles Referencing Associations of Non-
Respiratory Systems

We prepared an in-depth analysis of the
specific articles that referenced General,
Cognitive, Neurological, Gastrointestinal,
Musculoskeletal, and Dermatological
systems (non-respiratory systems). Twenty-
seven (23.7%) of the 114 studies met these
criteria. These studies consisted of 17 cross-
sectional studies, 6 cohort studies, and 4
case/control studies. The combined total
number of participants, households, and
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families, in these 27 studies was 73,304
along with 334 additional cases and 342
controls.  From these 27 articles, 13 were
from Europe (including 3 from Finland and
4 from Sweden), 5 were from the USA, 3
from Korea and 2 each from China and
Japan. The remaining two were from
Pakistan and Mexico. The largest single
study was from China with 36,541
participants followed by a large study from
the USA with 18,356 participants. Twenty-
five of these studies had at least one
association with OR/RR >2.0, 1 had an
OR/RR >1.5 and the remaining one, where

Articles Referencing Specific Statistically
Significant Associations From 27 Studies
of 6 Non-Respiratory Systems

We found that in some studies, individual
associations were not calculated. Instead,
symptoms were grouped together and often
associations included symptoms from more
than one system. For purposes of this
review, if a symptom was included within a
group of symptoms and statistically
significant results were found for that group,
it was considered an association in the
combined category. Individually statistically
significant  associations  were listed

an OR/RR was not calculable, had individually. A list of these articles and
statistically significant results with p<0.05. their  references by categories are
Characteristics of these studies are listed in summarized in Table 8.
Appendix 2.
Table 7. Number of Studies Referencing Each System Found in the Literature Search*
Supportive No assoc. Supportive No assoc.
General 24 Immunologic 60 2
Musculoskeletal 7 Otolaryngologic 2
Eye 16 Dermatologic 14 1
Respiratory 100 2 Mental Health 5
Gastrointestinal 9 Infectious 5
Cognitive 16 Pregnancy 1
Hypothalamic Neonatal 2
Neurologic 10 Cardiovascular 1
*not all references statistically significant, some statistically significant associations based on groups of symptoms
Table 8. Number of Specific Statistically Significant Associations From 27 Studies by System
Author/ Title General ™ Cognitive™  Neuro-_ Gastro- Musculo  Dermato-
Country logical " intestinal  skeletal " logical "
C are associationswith  C | C | C | C | C | C |
any mention of a
General Symptom and
also includes the
Individual Symptoms
I is an Association with
an Individual
Symptom Only
Total 12 10 5 7 4 5 5 0 3 1 4 6
Sahlberg et al., Airborne molds and Yes Yes Yes
2012% Northern bacteria, microbial
Europe volatile organic
compounds (MVVOC),
plasticizers and
formaldehyde in
13
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Wen and Balluz,
2011% USA

Arif and
Korgaonkar, 20163
Pakistan

Jedrychowski et al.,

2011* Poland

Thomas et al.,
2012% USAY

Zhang et al., 2018
China®

Zhang et al., 2012%,
Sweden

Casas et al., 2013%
Menorca Island "
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dwellings in three
North European cities
in relation to sick
building syndrome
(SBS)

Association between Yes
presence of visible in-
house mold and
health-related quality
of life in adults
residing in four U.S.
states

Association of
childhood asthma
with mental health
and developmental
comorbidities in low-
income families
Cognitive function of
6-year old children
exposed to mold-
contaminated homes
in the early postnatal
period. Prospective
birth cohort study in
Poland

Comparison of work-
related symptoms and
visual contrast
sensitivity between
employees at a
severely water-
damaged school and a
school without
significant water
damage

Dampness and mold
in homes across
China: Associations
with rhinitis, ocular,
throat and dermal
symptoms, headache
and fatigue among
adults

Dampness and Yes
moulds in workplace
buildings:
associations with
incidence and
remission of sick
building syndrome
(SBS) and biomarkers
of inflammation in a
10-year follow-up
study

Early life exposures
to home dampness,
pet ownership and
farm animal contact
and
neuropsychological

Internal Medicine Review

Yes

Yes

Yes

January 2020

Yes

Yes

Yes

Yes

Yes
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Yes
Yes
Yes
Yes
Yes
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Azuma et al., 2013%°
Japan

Luetal., 2017*
Romania

Hahm et al., 2016*
Korea

Tiesler et al., 2015%
Korea

Lukcso et al., 2014*

USA

Casas et al., 2012%

Germany

Seo et al., 2014%

Moniruzzaman et
al., 2012*" Sweden

Roussel et al., 2012%
France

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.

development in 4-
year-old children: a
prospective birth
cohort study

Effects of water-
damaged homes after
flooding: health status
of the residents and
the environmental
risk factors

Evidence from Yes
SINPHONIE project:
Impact of home
environmental
exposures on
respiratory health
among school-age
children in Romania
Exposure to mould
allergens and
rhinoconjunctivitis in
Korean children
Exposure to visible
mould or dampness at
home and sleep
problems in children:
Results from the
LISAplus study
Indoor environmental ~ Yes
and air quality
characteristics,
building-related
health symptoms, and
worker productivity
in a federal
government building
complex

Indoor factors and
behavioural problems
in children: the
GINIplus and
LISAplus birth cohort
studies

Infrared camera-
proven water-
damaged homes are
associated with the
severity of atopic
dermatitis in children

Levels of endotoxin
in 390 Swedish
homes: determinants
and the risk for
respiratory symptoms
in children
Microbiological
evaluation of ten
French archives and a
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Yes

Yes

Yes
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Yes
Yes
Yes
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Abou-Donia et al.,
2017 USA

Sahlberg et al.,
2012 Sweden

Luetal., 2016%
China

Oudin et al., 2016%
Sweden

Gonzalez-Casanova
etal., 2018%
Sweden

Karvala et al.,
2011* Finland

Karvalaetal.,
2013% Finland'

Saijo etal., 2010%®
Japan

Tuuminen and
Rinne, 2017
Finland """

link to occupational
symptoms

Neural autoantibodies  Yes
in patients with

neurological

symptoms and

histories of

chemical/mold

exposures

Onset of mucosal, Yes
dermal and general
symptoms in relation

to biomarkers and

exposures in the

dwelling: a cohort

study from 1992 to

2002

Outdoor air pollution,
meteorological

conditions and indoor
factors in dwellings in
relation to sick

building syndrome

(SBS) among adults

in China

Poor housing Yes
conditions in

association with child

health in a

disadvantaged

immigrant

population: a cross-

sectional study in

Rosengard, Malmo,

Sweden

Prenatal exposure to
environmental

pollutants and child
development

trajectories through 7

years

Prolonged exposure Yes
to damp and moldy
workplaces and new-

onset asthma

Quality of life of Yes
patients with asthma

related to damp and

moldy work

environments

Relationships Yes
between mite allergen

levels, mold

concentrations, and

sick building

syndrome symptoms

in newly built

dwellings in Japan

Severe Sequelae to Yes
Mold-Related IlIness

as Demonstrated in

Internal Medicine Review

Yes

Yes

January 2020
Yes Yes
Yes
Yes Yes
Yes Yes
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Two Finnish Cohorts

Structural brain Yes Yes Yes

abnormalities in

patients with

inflammatory illness

acquired following

exposure to water-

damaged buildings: a

volumetric MRI study

_ using NeuroQuant®

' OR calculated by author

! Data had statistically significant associations with p<0.05 but OR/RR not calculable

"' Symptoms are classified as combined when RR/OR was based on an association with more than one symptom that includes an
individual symptom included in the category. Symptoms were classified as Individual when one single symptom was found to have
an association

" General symptoms included headache, problems sleeping, flu-like symptoms, fatigue and others

¥ See discussion for details about this study

V' Abou-Donia’s case/control study associated high levels of neural autoantibodies with exposure in a recorded incidence of
symptoms but did not analyze associations between the high levels of neural autoantibodies with specific symptoms.

Y Our calculated ORs for Tuuminen and Rinne’s study are not calculated for specific symptoms but for disease outcomes in a
cohort that experienced associated symptoms.

Shoemaker et al.,
2014 USA'

From our finding of 24 articles referencing
general symptoms, 12 (50%) were combined
references and 10 (42%) were individual.
The remaining 2 references were supportive
studies where statistically significant results
were not calculable, but both the reports’
authors considered the studies supportive.
For cognitive symptoms, out of 16 articles, 5
(31%) were combined references, and 7
(44%) were individual; for neurologic
symptoms, out of 10 articles, 4 (40%) were
combined references and 5 (50%)
individual; for gastrointestinal, out of 9

articles, 5 (56%), references were combined
and 0 individual; for musculoskeletal, out of
8 articles, 3 references (38%), were
combined and 1 (13%) individual; and for
dermatologic, out 14 articles, 4 (29%)
references were combined, and 6 (43%)
individual. The related references for 25 of
the 27 articles all had OR or RR >2 except
for one which had OR >1.5 and one for
which an OR or RR could not be calculated
from the data reported but had statistically
significant results. These results are
summarized in Table 9.

Table 9. Total Supportive References and Statistically
Significant Combined and Individual Results for 6 Systems

System Total Combined Individual
General 24 12 (50%) 10 (42%)
Cognitive 16 5 (31%) 7 (44%)
Neurologic 10 4 (40%) 5 (50%)
Gastrointestinal 9 5 (55%) 0

Musculoskeletal 7 3 (38%) 1 (13%)
Dermatologic 14 4 (29%) 6 (43%)

17
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Studies with Multiple Associations for 6
Select Systems

Two studies, Abou-Donia, et al. (2017)*
and Tuuminen and Rhine, (2017)*" found
statistically significant results for combined
associations in all 6 systems included in
this more detailed analysis. Since these
were not individual associations, this may
not represent statistically significant results
for the individual system. Zhang, et.al
(2018)*" recorded multiple statistically
significant associations in their cross-
sectional study with 36,541 participants in
4 of the 6 select systems evaluated in their
study, with 2 systems having individual
associations and 2 systems having
combined associations (two systems not
evaluated).

For individual associations, Thomas, et. al
(2012)*® found statistically significant
results in 5 of the 6 select systems. No data

was  collected for  gastrointestinal
symptoms. In order to be consistent with
our categorization, we considered the

symptom “aching all over” to be a
musculoskeletal symptom, whereas
Thomas et. al included it in constitutional
(general). Shoemaker, etal (2014)% also
found statistically significant results for
individual associations in 3 of the 6 select
systems. In this particular study, data was
not reported for the other 3 systems. Four
other studies found statistically significant
results in 2 of 6 systems (where 2 systems
were reviewed and 4 systems were not
evaluated).

Studies with No Associations

Two studies were non-supportive.’®** Choi
et al. (2014)*® evaluated the homes of 198
allergic children and 202 Swedish controls
measuring cultured fungi, (1-3, 1-6)-B-d-
glucan and ergosterol. The concentrations
of cultured fungi were comparable between

18

houses with parent reported and mold
inspector reported mold issues. No
associations with adverse health were
associated with elevated levels of cultured
fungi, (1-3, 1-6)-p-d-glucan and ergosterol.

Pegas et al. (2011)*° looked at 342 students
in Lisbon. Students ranged from 5-12 years
old but 92% were between 6-8 years. The
percentage of children with wheezing was
an astonishing 43.3%, those with allergic
rhinitis was 42.9% and the prevalence of
asthma was 5.6%. Many factors were
evaluated including origin country of birth,
carpet on the floor of the child’s room,
presence of pets, heaviness of street traffic,
presence of mold, tobacco exposure in the
first year of life etc. The presence of mold
or infiltration was noted in 19% of
residences. Multi-variate linear regression
was  performed. While some
environmental associations were found with
adverse health effects, no associations were
noted between presence of mold and
increase of asthma.

DISCUSSION

Our Findings

Over the years, the body of knowledge has
increased to the point where the association
between adverse respiratory system health
effects with microbial exposure is not
doubted. Our research further supports that
assertion. Our objective was to document
associations in other published research that
would corroborate or disprove the peer
reviewed data published by Shoemaker
beginning in 2005 confirming the multi-
system, multi-symptom illness that later
became known as CIRS, resulting from
exposure to the interior of WDB.

We found that most peer reviewed research
did not use the detailed symptom reporting
that was used by Shoemaker. This was not
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an unexpected finding given that CIRS
research is in its infancy. This does not
negate the possible impact from exposure to
WDB; it is more probable that is was not
assessed to the level of detail that
Shoemaker observed and documented.

Nevertheless, one study that did use
detailed reporting was the Thomas et al.
(2012), case/control study performed by
NIOSH, a division of the CDC. Two high
schools were evaluated environmentally by
visual inspection and multiple sample types
[spore trap, bulk, swab and Environmental
Relative Moldiness Index (ERMI)]. The
medical team compared 95 occupants of the
severely water-damaged school in New
Orleans, Louisiana, with 110 occupants of a
school that had not experienced significant
water damage in Cincinnati, Ohio. The
researchers found lower VCS scores in
every column in the New Orleans school
personnel and statistically significant
increases in 18 of the 22 symptoms in every
system they evaluated (neurobehavioral,
upper and lower respiratory, dermatologic
and constitutional systems). All of these
ORs were >2. Multi-system illness and
lowered VCS testing, as demonstrated in
this NIOSH study, are hallmarks of CIRS.

Work by two other groups, Tuuminen et al.
(2017)*" and Brewer, et al. (2013)°,
corroborated CIRS symptoms. Tuuminen et
al. (2017)*, part of a group in Finland,
described a syndrome they called Dampness
and Mold Hypersensitivity Syndrome™® that
they defined by the following 5 criteria: i)
exposure to dampness microbiota; i)
recurrent and/ or unusual infections; iii) Sick
Building Syndrome (SBS); iv) development
of multiple chemical sensitivity and V)
sensitized olfactory scenting.>® Brewer et al.
(2013)°" described multiple symptoms and
chronic illness associated with exposure to
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WDB, as well as referencing several
publications by their group which also
corroborated CIRS.

Correlating specific concentrations of fungi
and fungal components has given mixed
results in the literature when evaluating
human health effects. Therefore, the Choi et
al. (2014)* result showing no association is
not surprising and does not degrade the
otherwise very strong results reported above.
Pegas et al. (2011)*° also showing no
association, gives results contrary to 30
years of epidemiological evidence regarding
indoor microbial growth/dampness exposure
and asthma. However, that does not mean
the study is flawed. Instead, it suggests this
study is an outlier. When one considers p-
values, the understanding is that if a study
was replicated 100 times, a p-value <0.05
means the same results will be obtained at
least 95 times, but not necessarily 100 times.
It is also possible that the high rate of
wheezing and/or the relatively low
prevalence of asthma, affected these results.
The prevalence of infiltration/mold at 19%
could have been underreported, which could
also lead to a finding of no association.

Despite the preponderance of evidence
supporting association between exposure
to WDB and adverse health effects to the
respiratory system, it took two decades for
causality for asthma to appear in the
published literature. Given this history, and
that it is frequently stated that it takes an
average of 17 years for research to translate
into clinical practice,®® we consider these
initial ~ findings  documenting  many
associations with exposure to WDB and
multi-system, multi-symptom illness,
evidence of causation.

The core argument of the ACOEM 2002
article was the hypothesis that it would be
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difficult to accumulate sufficient mycotoxin
in a water-damaged room to give people
significant illness. A mathematical model
and proof were offered to make this point.
Subsequent studies***** have shown some
assumptions made and some of the constants
used in this proof were incorrect on the
order of several magnitudes. The hypothesis
itself has never been successfully tested. The
AAAAI 2006 article was built on the same
hypothesis. The evidence presented in our
results documents that their hypothesis is
incorrect and that the ACOEM and AAAAI
articles do not reflect current evidence-based
medicine.

Limitations

The limitations of the current study include
one article that we were not able to obtain
full text in English. Due to the science-
wide lack of objective evaluation tools for
the assessment of biases in observational
studies>?* we did not perform a formal
quality analysis and risk of bias assessment,
nor did we attempt to search for unpublished
data. It is not possible to assess the impact of
this on our results as it could result in either
an overstatement or an understatement.

This study reviewed case studies/series,
case-control, nested case-control, cohort,
and cross-sectional studies.  Systematic
reviews and meta-analyses were excluded,
even though most of these supported the
conclusions of this study. Further limitations
included that some of the articles analyzed
did not directly correlate symptoms with
exposures, and some of the articles grouped
symptoms together so associations were
with symptom combinations. It could be
inferred that an association with a group of
symptoms includes an association with all
symptoms in that group, however that is not
explicitly stated in some articles and there
may be an underrepresentation or

20

overrepresentation of associations for these
individual systems. Although most of the
studies varied in design, number of subjects
and assessment methods, because of the
design of our study, it is likely these
variations did not impact our results.
Consequently, based on the total number of
statistically significant results, the number of
supportive articles, the very large number of
subjects and the total number of supportive
references we found, we believe that there is
enough evidence to support our conclusions.

CONCLUSIONS

The proposition that inhaled mold, mold
fragments, toxins and inflammagens, or
other components of the air in WDB, cause
single and multi-system illness, is supported
by 112 of 114 (98.2%) epidemiological
articles published between 2011 and 2018.
The amount of evidence varied by system,
as different systems were studied in each
report. Seventy-nine studies (69.2%) had at
least one association with an OR or RR >2.0
and 98 studies (85.9%) demonstrated an OR
or RR >1.5. Two hundred fifty-one
individual associations showed an OR or RR
>2.0, 384 associations had OR or RR >1.5
and 460 associations noted OR or RR >1.25.
All findings met 95% confidence. It is
unclear why some give testimony in courts
contrary to these findings.

One hundred (87.7%) of the entire 114
reports further supported previous works
regarding respiratory symptoms along with
60 (52.6%) supporting immunological
results. This was followed by 24 (21.1%)
with reference to general symptoms. Sixteen
(14.0%) studies supported cognitive decline.
Varying numbers of articles supported
neurologic, gastrointestinal,
musculoskeletal, dermatologic, and other
systems. Only 2 studies (1.8%) showed no
associations with respiratory symptoms, and
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immunological findings with one of the two
also showing no association  with
dermatological findings. All other systems
evaluated demonstrated zero (- 0 -) studies
showing no associations with that system
when that system was studied.

These percentages reflect the number of
studies evaluating a particular system
included in the 114 studies evaluated in this
report. For instance, only 16 of the 114
studies (14.0%) reviewed cognitive decline.
All 16 of those 16 reports (100%) were
supportive of cognitive decline related to
chronic exposure to indoor microbial
growth/dampness. Those 16 papers made
up 14.0% of all 114 articles evaluating all
the previously noted body systems.

In a more detailed analysis of 27 (23.7%) of
the total 114 articles looking at specific
statistically significant associations with
general, cognitive, neurologic,
gastrointestinal, musculoskeletal,  and
dermatologic systems, of the total supportive
articles for the specified system. Seven
(44%) reported individual statistically
significant  references  for  cognitive
symptoms, 4 (40%) reported individual
statistically  significant references for
neurologic symptoms and 10 (40%) reported
individual statistically significant references
for general symptoms. Two studies reported
statistically significant results in groups with
a combination of symptoms that included all
6 systems. One study reported individual
statistically significant results in 5 of the 6
systems (only 5 systems reviewed) with
another finding individual association in 2
systems and combined associations in 2
systems (only 4 systems reviewed). An
additional  study  found individually
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statistically significant results in 3 of the 6
systems (only 3 systems reviewed).

Peer-reviewed publications document that
approximately 25% of the population have a
genetic susceptibility for developing CIRS,®
an estimated 50% of the buildings in the
U.S. are water-damaged,® and the
prevalence of CIRS is conservatively
calculated at > 7.01% in children and likely
higher in adults due to the progressive
nature of CIRS.%® Nevertheless, CIRS is still
an under-recognized syndrome, and those
suffering from it frequently lack appropriate
medical diagnosis and subsequent treatment.
Therefore, it is critical that more research be
done to further evaluate the multi-symptom,
multi-system adverse human health effects
from exposure to WDB and policies must be
put into place to address the impact. We
plan future data analysis in order to assess
the feasibility of a meta-analysis and update
to this review.
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APPENDICES
Appendix 1. Study Characteristics
# of
. # of OR/ OR/ OR/
Author/Date Country 2; b of Eiagr']'ts ’égies Con- RR RR RR
y P trols >0 >15 >1.25
270,454 1,493 1,846 79 98 99
Rath et al., 2011 USA Cross- 1,243 Yes
sectional
32 Northern Cross-
Sahlberg et al., 2012 Europe sectional 159 Yes
68 Cross-
Holst et al., 2016 Denmark e 330 Yes
69 Cross-
Hoppe et al., 2012 USA sectional 71 Yes
; 70 Cross-
Claudio et al., 2016 USA sectional 797 Yes
33 Cross-
Wen and Balluz, 2011 USA sectional 18,356 Yes
Arif and Korgaonkar, 7 Cross-
2015% Pakistan sectional 400 Yes
Atan Sahin et al., 2016" Turkey Cohort 384 Yes
72 Cross-
Kearney et al., 2014 USA sectional 352 Yes
25iv . Cross-
Norback et al., 2018 China sectional 39,782 Yes
73 Cross-
Hsu et al., 2018 USA sectional 14,076 Yes
74 . Cross-
Karvala et al., 2014 Finland sectional 1,098 Yes
. . 23 Cross-
Sinclair et al., 2018 USA sectional 695 Yes
75 Cross-
Hsu et al., 2016 USA sectional 14,585 Yes
Karunanayake et al., Cross-
20177 Canaga sectional 351 e
; 77 Cross-
Kielb et al., 2015 USA sectional 501 Yes
; 78 Cross-
Cibella et al., 2015 Italy sectional 2,150 Yes
; 79 . Cross-
Beridze, etal., 2018 Georgia sectional 5,319 Yes
Case
Brewer et al., 2013% USA Series/Case 3
History
80 Cross-
Clarhed et al., 2018 Norway sectional 16,099 Yes
Jedrychowski et al., 2011%*  Poland Cohort 277 Yes
81 iv . Cross-
Norback, et al., 2017 China sectional 39,782 Yes
Thomas et al., 2012 USA Case/Control 95 110 Yes
Cable et al., 2014% Great Cohort 7,320 Yes
Britain
Wang et al., 2017% Sweden Sl 1,160 Yes
sectional
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Zhang et al., 2018%

Borras-Santos et al.,
2013%

Weinmayr et al., 2013%
Zhang et al., 2012%
Jacobs et al., 2014%

Moussu et al., 2014%7
Meszaros et al., 2014%
Casas et al., 2013%

Yang et al., 2014%
Stankovic et al., 2011%°

Azuma et al., 2013%

Boneberger et al., 2011%
Hedman et al., 2015%

Lu et al., 2018*
Punsmann et al., 2013%
Seo et al., 2014%

Weber et al., 2017%
Kelly et al., 2013%
Hahm et al., 2016*

Tiesler et al., 2015*
Martines et al., 2015%
Lin et al., 2016%®

Norback et al., 2015%
Reponen et al., 2011'®
Hu et al., 2014

Gent et al., 2012
Ware et al., 2013'%
Harville et al., 2018'**
Levesque et al., 2018
Lukcso et al., 2016

Jie et al., 2016%®
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China

Spain, The
Netherlands
and Finland

International

Sweden
Netherlands
and Spain

France

Australia
Menorca
Island

Korea
Serbia

Japan

Chile
Sweden

Romania
Germany

Korea

Germany

New
Zealand

Korea

Korea
Italy
China

Sweden
USA
China

USA

USA

Great
Britain

Canada
USA

China
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Cross- 36,541
sectional
Cross- 9,271
sectional
Cross- 46,051
sectional
Cohort 429
Cross- 3843
sectional
Cross- 227
sectional
Cohort 5,729
Cohort 424
Cross- 7,389
sectional
Cross- 1,082
sectional
Cross- 379
sectional
Case/Control
Cohort 3,430
Cross- 280
sectional
Case/Control
Cross- 511
sectional
Cross- 4732
sectional
Cross- 106
sectional
Cross- 3,852
sectional
Cross- 1,719
sectional
Case/Control
Cross- 4,246
sectional
Crogs- 62
sectional
Cohort 176
Cross- 13,335
sectional
Cross- 1.233
sectional
Cross- 561
sectional
Cohort 1927
Cross- 295
sectional
Cross- 7,637
sectional
Cross- 610
sectional
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188

25

204

294

25

204

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



Casas et al., 2012%
Hernberg et al., 2014’

Shorter et al., 2017'%
Reponen et al., 2012'%°
Seo et al., 2014%

Celtik et al., 2011%*
North et al., 2017%°

Rea et al., 2018

Seo et al., 20142
Moniruzzaman et al.,
201147

Gargano et al., 2018
Norback et al., 2011
Hernberg et al., 2014'*

Keall et al., 2012
Roussel et al., 2012*

Toyinbo et al., 2016
Karvonen et al., 20158
Sahin et al., 2014%"

Norback et al., 2013*°

Abou-Donia et al., 2017*

Dutmer et al.}?

Akpinar-Elci et al., 2017*%

Norback et al., 2017
Sahlberg et al., 2012
Luetal., 2016

Pind et al., 2017*%
Oudin et al., 2016>
Polyzois et al., 2016
Hulin et al., 2012'*

Tischer et al., 2015'%

Karunanayake et al.,
2011%
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Germany
Finland

New
Zealand

USA
Korea

Turkey

Canada
USA

Korea

Sweden

USA
Finland
Finland

New
Zealand

France

Finland
Finland
Turkey

10 European
countries"'
USA

USA

The
Caribbean

Malaysia
Sweden
China

Sweden
Sweden
Canada

France

9 European
countries*"

Canada
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Cohort 4,860
Cross- 269
sectional
Case/Control 150 298
Cross- 289
sectional Homes
Crogs- 52
sectional
Cross- 1,374
sectional
Cohort 560
Case
Series/Case 100
History
Case/Control 15 14
Case/Control 198 202
Cross- 3,835
sectional
Cohort 6,443
Cross- 521
sectional
Cross- 891
sectional
Cross- 144
sectional
Cross- 4,248
sectional
Cohort 398
Crogs- 63
sectional
Cohort 7,104
Case/Control 24 12
Crogs— 29
sectional
Crogs- 9
sectional
Cross- 368
sectional
Cohort 452
Cross- 3,485
sectional
Cross- 25,677
sectional
Cross- 359
sectional
Cross- 3,424
sectional
Cro;s- 797
sectional
Cross- 956
sectional
Cross- 871
sectional
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Yes

Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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2018

Polyzoi et al., 2017*%®
Pahwa et al., 2017'%°
Karvala et al., 2011%

Karvala et al., 2013%'
Vincent et al., 2018%*°

Saijo et al., 2010*°

Choi et al., 2014%6vVii
Lanthier-Veilleux et al.,
2016

Kim et al., 2011*
Fu et al., 2016
Norback et al., 2016*

Wang et al., 2014
Park et al., 2012"*°
Pegas et al., 201130 ™V
Ciebiada et al., 2014’
Civelek et al., 2010

Zhuetal.,
201231 iii

Abramidze et al., 2012**°

Casas et al., 20174

Tuuminen and Rinne,
2017%"
Devien et al., 2018**

Shoemaker et al., 2014%!
Sun et al., 201142

Choi et al., 2016
Thrasher et al., 2011

Behbod et al., 20134
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Mexico
Canada
Canada
Finland

Finland
Belgium
Japan
Sweden

Canada
Korea
Scandinavia
Malaysia

Sweden
USA
Portugal
Poland
Turkey

China

Georgia

Spain,
Netherlands,
Finland

Finland

France

USA
China
Sweden
USA

USA

January 2020
Cross- 718
sectional
Cross- 3,424
sectional
Cross- 874
sectional
Cross- 483
sectional
Cross- 1,267
sectional
Case/Control 32 32
Cross- 1,479
sectional
Case/Control 198 202
Cross- 2,097
sectional
Cross- 1,015
sectional
Cross- 622
sectional
Cross- 368
sectional
Cross- 5,775
sectional
Case/Control 131 161
Cross- 342
sectional
Cohort 68
Cross- 6,963
sectional
Case/Control 271 271
Crogs- 36
sectional
Crogs— 419
sectional
Cohort 89
Cross- 3,039
sectional
Case/Control 17 18
Case/Control 143 205
Case/Control 198 202
Case
Series/Case 5
History
Cohort 499

Yes
Yes
Yes

Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes

"OR calculated by author

" Study translated using Google translate

Data based on abstract

V¥ These studies referenced the same populations but assessed different variables

vivit study includes the following countries: Spain, France, Italy, United Kingdom, Germany, Estonia, Sweden,
Switzerland, Iceland and others

Vil No association found
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Appendix 2. Characteristics of 27 Articles Referencing Non-Respiratory Systems

Author/ # of # of OR/ OR/
Date/ Title Q{ije of Parti- Cases Con- RR RR
Country y cipants trols >2.0 >1.5
73,304 334 342 25

Sahlberg et al.,  Airborne molds and bacteria, Cross- 159 Yes
2013% microbial volatile organic sectional
Northern compounds (MVOC), plasticizers
Europe and formaldehyde in dwellings in

three North European cities in

relation to sick building syndrome

(SBS)
Wen and Association between presence of  Cross- 18,356 Yes
Balluz, 2011*  visible in-house mold and health-  sectional
USA related quality of life in adults

residing in four U.S. states
Arif and Assaciation of childhood asthma  Cross- 400 Yes
Korgaonkar, with mental health and sectional
2015 developmental comorbidities in
Pakistan® ™ low-income families
Jedrychowski Cognitive function of 6-year old Cohort 277 Yes
etal., 2011% children exposed to mold-
Poland contaminated homes in early

postnatal period. Prospective birth

cohort study in Poland
Thomasetal.,,  Comparison of work-related Case/ 95 110 Yes
2012% symptoms and visual contrast Control
USA' sensitivity between employees at

a severely water-damaged school

and a school without significant

water damage
Zhang et al., Dampness and mold in homes Cross- 36,541 Yes
2018% across China: Associations with sectional
China rhinitis, ocular, throat and dermal

symptoms, headache and fatigue

among adults
Zhang et al., Dampness and moulds in Cohort 429 Yes
2012% workplace buildings: associations
Sweden with incidence and remission of

sick building syndrome (SBS)

and biomarkers of inflammation

in a 10 year follow-up study
Casas et al., Early life exposures to home Cohort 424
2013% dampness, pet ownership and
Menorca farm animal contact and
Island" neuropsychological development

in 4 year old children: a

prospective birth cohort study
Azuma et al., Effects of water-damaged homes  Cross- 379 Yes
2014% after flooding: health status of the ~ sectional
Japan residents and the environmental

risk factors
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Luetal.,
2018*
Romania

Hahmet al.,
2016*
Korea
Tiesler et al.,
2015%
Korea

Lukcso et al.,
2014%
USA

Casas et al.,
2012%
Germany

Seo et al.,
2014%
Korea

Moniruzzaman
etal., 2012%
Sweden

Roussel et al.,
2012

France
Abou-Donia et
al., 2018%
USA

Sahlberg et al.,
2012%
Sweden

Luetal.,
2016
China

Oudin et al.,
2016
Sweden

Gonzalez-
Casanova et
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Evidence from SINPHONIE Cross-
project: Impact of home sectional

environmental exposures on
respiratory health among school-
age children in Romania
Exposure to mould allergens and
rhinoconjunctivitis in Korean
children

Exposure to visible mould or
dampness at home and sleep
problems in children: Results
from the LISAplus study

Indoor environmental and air
quality characteristics, building-
related health symptoms, and
worker productivity in a federal
government building complex
Indoor factors and behavioural
problems in children: the
GINIplus and LISAplus birth
cohort studies

Infrared camera-proven water-
damaged homes are associated
with the severity of atopic
dermatitis in children

Levels of endotoxin in 390
Swedish homes: determinants and
the risk for respiratory symptoms
in children

Microbiological evaluation of ten
French archives and link to
occupational symptoms

Neural autoantibodies in patients
with neurological symptoms and
histories of chemical/mold
exposures

Onset of mucosal, dermal, and
general symptoms in relation to
biomarkers and exposures in the
dwelling: a cohort study from
1992 to 2002

Outdoor air pollution,
meteorological conditions and
indoor factors in dwellings in
relation to sick building syndrome
(SBS) among adults in China
Poor housing conditions in
association with child health in a
disadvantaged immigrant
population: a cross-sectional
study in Rosengard, Malmo,
Sweden

Prenatal exposure to
environmental pollutants and

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cohort

Cross-
sectional

Case/
Control

Cross-
sectional

Case/
Control

Cohort

Cross-
sectional

Cross-
sectional

Cross-
sectional

27

280

3,852

1,719

7,637

4,860

52

144

452

3,485

359

718

198

24

202

12

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



al., 2018%
Mexico

Karvala et al.,
2011%*
Finland
Karvala et al.,
2013 _
Finland®®'
Saijoetal.,
2011%

Japan

Tuuminen and
Rinne, 2017%""
Finland
Shoemaker et
al., 2014
USAZSi
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child development trajectories
through 7 years

Prolonged exposure to damp and
moldy workplaces and new-onset
asthma

Quality of life of patients with
asthma related to damp and
moldy work environments
Relationships between mite
allergen levels, mold
concentrations, and sick building
syndrome symptoms in newly
built dwellings in Japan

Severe Sequelae to Mold-Related
Iliness as Demonstrated in Two
Finnish Cohorts

Structural brain abnormalities in
patients with inflammatory illness
acquired following exposure to
water-damaged buildings: a
volumetric MRI study using
NeuroQuant®

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cohort

Case/
Control

483

1267

1,479

89

17

18

Yes

Yes

Yes

Yes

Yes

' OR calculated by author

" Data had statistically significant associations with p<.0.05 but OR/RR not calculable
" Mold reported but reported ORs based on associations with asthma

v Excludes number of cases and controls

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.

28



Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

References

1.

Clark N, Amman HM, Brunekreef B,
et al. Damp Indoor spaces and Health.
In: Medicine lo, ed. Washington D.C.:
National Academy Press; 2004.
Afshari A, Anderson HR, Cohen A, et
al.  World Health Organization
guidelines for indoor air quality:
dampness and mould. WHO guidelines
for indoor air quality. 20009.

Caillaud D, Leynaert B, Keirsbulck
M, Nadif R. Indoor mould exposure,
asthma and rhinitis: findings from
systematic  reviews and  recent
longitudinal studies. European
respiratory review : an official journal
of the European Respiratory Society.
2018;27(148).

GAO Report to the Chairman,
Committee on Health, Education,
Labor and Pensions, U.S. Senate,
Indoor Mold. In: 2008.

Shoemaker RC, McMahon SW,
Thrasher JD, Grimes C. Research
committee report on diagnosis and
treatment of chronic inflammatory
response  syndrome caused by
exposure to the interior environment
of water-damaged buildings.
Policyholders of America. July,
2010;27:1-161.

Shoemaker RC, Rash JM, Simon EW.
Sick Building Syndrome in water-
damaged buildings: Generalization of
the chronic biotoxin-associated illness
paradigm to indoor toxigenic fungi;
Johanning, E Bioaerosols, Fungi
Bacteria, Mycotoxins and Human
Health. 5/2006:52-63.

Shoemaker RC, House D. A time-
series of sick building syndrome;

chronic, biotoxin-associated illness
from exposure to water-damaged
buildings.  Neurotoxicology  and
teratology. 2005;27(1):29-46.

29

10.

11.

12.

13.

14.

15.

Shoemaker RC, House D. SBS and
exposure to water damaged buildings:
time series study, clinical trial and
mechanisms.  Neurotoxicology and
teratology. 2006;28:573-588.
Shoemaker RC, Maizel M. Innate
immunity, MR spectroscopy, HLA
DR, TGF beta-1, VIP and capillary
hypoperfusion define acute and
chronic  human illness acquired
following exposure to water-damaged
buildings. Paper presented at: Healthy
Homes 9/2009; Syracuse, NY.
Janeway CAJ. Approaching the
asymptote? Evolution and revolution
in immunology. Cold Spring Harb
Symp Quant Biol. 1989;54:1-13.
Shoemaker RC, Johnson K, Jim L, et
al. Diagnostic Process for Chronic
Inflammatory Response Syndrome
(CIRS): A Consensus Statement
Report of the Consensus Committee of
Surviving Mold. Internal Medicine
Review. 5/2018;4(5):1-47.

Harding CF, Pytte CL, Page KG, et al.
Mold inhalation causes innate immune
activation, neural, cognitive and
emotional dysfunction. Brain Behav
Immun. 2019.

Shoemaker RC, House D, Ryan JC.
Vasoactive intestinal  polypeptide
(VIP) corrects chronic inflammatory
response syndrome (CIRS) acquired
following exposure to water-damaged
buildings. Health. 2013;05(03):396-
401.

Shoemaker RC, Maizel M. SAIIE: A
Health Index for People Re-Exposed

to Water-Damaged Buildings:
Sequential  Activation of Innate
Immune Elements SAIIE. Paper

presented at: IAQA 10/14/2007.

Shoemaker RC. SAIIE meets ERMI:
Correlation of Indices of Human
Health and Building Health. Paper

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



16.

17.

18.

19.

20.

21.

22.

23.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

presented at: AIHCE 6/2/2008;
Minneapolis, Minnesota.

Hurrass J, Heinzow B, Aurbach U, et
al. Medical diagnostics for indoor
mold exposure. International journal
of hygiene and environmental health.
2017;220(2 Pt B):305-328.

Armstrong D. Amid Suits Over Mold,
Experts Wear Two Hats. The Wall
Street Journal 2007.

Hardin B, Kelman B, Saxon A.
Adverse Human Health Effects
Associated with Molds in the Indoor
Environment. Journal  of
occupational and  environmental
medicine. 2003 45(5):470-478.

Bush RK, Portnoy J, Saxon A, Terr
Al, Wood RA. The Medical Effects of
Mold Exposure. The Journal of
allergy and clinical immunology.
2006;117(2):326-323.

Craner J. A critique of the ACOEM
statement on mold: undisclosed
conflicts of interest in the creation of
an "evidence-based"  statement.
International journal of occupational
and environmental health.
2008;14(4):283-298.

Mueller M, D'Addario M, Egger M, et
al. Methods to systematically review
and  meta-analyse  observational
studies: a systematic scoping review
of recommendations. BMC Med Res
Methodol. 2018;18(1):44.

Bero L, Chartres N, Diong J, et al. The
risk of bias in observational studies of
exposures (ROBINS-E) tool: concerns
arising from application to
observational studies of exposures.
Syst Rev. 2018;7(1):242.

Sinclair R, Russell C, Kray G, Vesper
S. Asthma Risk Associated with
Indoor Mold Contamination in
Hispanic Communities in Eastern
Coachella Valley, California. Journal

30

24,

25.

26.

27.

28.

29.

30.

of environmental and public health.
2018;2018:9350370.

Celtik C, Okten S, Okutan O, et al.
Investigation of indoor molds and
allergic diseases in public primary
schools in Edirne city of Turkey.
Asian Pacific journal of allergy and
immunology. 2011;29(1):42-49.
Norback D, Lu C, Wang J, et al.
Asthma and rhinitis among Chinese
children - Indoor and outdoor air
pollution and indicators of
socioeconomic status (SES).
Environment international.
2018;115:1-8.

Karvala K, Uitti J, Luukkonen R,
Nordman H. Quality of life of patients
with asthma related to damp and
moldy work environments.
Scandinavian  journal of  work,
environment & health. 2013;39(1):96-
105.

Tuuminen T, Rinne KS. Severe
Sequelae to Mold-Related Iliness as

Demonstrated in  Two  Finnish
Cohorts. Frontiers in immunology.
2017;8:382.

Shoemaker RC, House D, Ryan JC.
Structural brain  abnormalities in
patients with inflammatory illness
acquired following exposure to water-
damaged buildings: a volumetric MRI
study using NeuroQuant(R).
Neurotoxicology and  teratology.
2014:45:18-26.

Sahin ON, Yaprak P, Gulen F, Percin
AK. [Mold hypersensitivity in
children with frequent respiratory tract
infection and prolonged cough
attacks]. Kulak burun bogaz ihtisas
dergisi : KBB = Journal of ear, nose,
and throat. 2014;24(4):195-199.

Pegas PN, Alves CA, Scotto MG,
Evtyugina MG, Pio CA, Freitas MC.
[Risk factors and prevalence of asthma
and rhinitis among primary school

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



31.

32.

33.

34.

35.

36.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020
children in Lisbon]. Revista
portuguesa de pneumologia.
2011;17(3):109-116. 37.

Zhu CH, Liu JX, Zhao XH. [Risk
factors of asthma among children aged
0 - 14 in Suzhou city]. Zhonghua yu
fang yi xue za zhi [Chinese journal of
preventive medicine]. 2012;46(5):456-
459.

Sahlberg B, Gunnbjornsdottir M, Soon
A, et al. Airborne molds and bacteria,
microbial volatile organic compounds
(MVOC), plasticizers and
formaldehyde in dwellings in three
North European cities in relation to
sick building syndrome (SBS). The
Science of the total environment.
2013;444:433-440.

Wen XJ, Balluz L. Association
between presence of visible in-house
mold and health-related quality of life
in adults residing in four U.S. states.

Journal of environmental health.
2011;73(9):8-14.
Arif  AA, Korgaonkar P. The

association of childhood asthma with
mental health and developmental
comorbidities in low-income families.
The Journal of asthma official
journal of the Association for the Care
of Asthma. 2016;53(3):277-281.
Jedrychowski W, Maugeri U, Perera
F, et al. Cognitive function of 6-year
old children exposed to mold-
contaminated homes in early postnatal
period. Prospective birth cohort study
in Poland. Physiology & behavior.
2011;104(5):989-995.

Thomas G, Burton NC, Mueller C,
Page E, Vesper S. Comparison of
work-related symptoms and visual
contrast sensitivity between
employees at a severely water-
damaged school and a school without
significant water damage. American

31

38.

39.

40.

41.

42.

journal of industrial medicine.
2012;55(9):844-854.

Zhang X, Norback D, Fan Q, et al.
Dampness and mold in homes across
China: Associations with rhinitis,
ocular, throat and dermal symptoms,
headache and fatigue among adults.
Indoor air. 2018.

Zhang X, Sahlberg B, Wieslander G,
Janson C, Gislason T, Norback D.
Dampness and moulds in workplace
buildings: associations with incidence
and remission of sick building
syndrome (SBS) and biomarkers of
inflammation in a 10 year follow-up
study. The Science of the total
environment. 2012;430:75-81.

Casas L, Torrent M, Zock JP, et al.
Early life exposures to home
dampness, pet ownership and farm
animal contact and
neuropsychological development in 4
year old children: a prospective birth
cohort study. International journal of
hygiene and environmental health.
2013;216(6):690-697.

Azuma K, Ikeda K, Kagi N, Yanagi U,
Hasegawa K, Osawa H. Effects of
water-damaged homes after flooding:
health status of the residents and the
environmental risk factors.
International journal of environmental
health research. 2014;24(2):158-175.

Lu Y, Lin S, Lawrence WR, et al.
Evidence from SINPHONIE project:
Impact of home environmental
exposures on respiratory health among
school-age children in Romania. The
Science of the total environment.
2018;621:75-84.

Hahm MI, Kim J, Kwon HJ, Chae Y,
Ahn K, Lee HY. Exposure to mould
allergens and rhinoconjunctivitis in
Korean children. Pediatric allergy and
immunology : official publication of
the European Society of Pediatric

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



43.

44,

45.

46.

47.

48.

49,

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

Allergy and
2016;27(3):290-298.
Tiesler CM, Thiering E, Tischer C, et
al. Exposure to visible mould or
dampness at home and sleep problems
in children: Results from the LISAplus
study. Environmental research.
2015;137:357-363.

Lukcso D, Guidotti TL, Franklin DE,
Burt A. Indoor environmental and air
quality  characteristics,  building-
related health symptoms, and worker
productivity in a federal government
building complex.  Archives of
environmental & occupational health.
2016;71(2):85-101.

Casas L, Tiesler C, Thiering E, et al.
Indoor factors and behavioural
problems in children: the GINIplus
and LISAplus birth cohort studies.
International journal of hygiene and
environmental health.
2013;216(2):146-154.

Seo S, Han Y, Kim J, Choung JT, Kim
BJ, Ahn K. Infrared camera-proven
water-damaged homes are associated
with the severity of atopic dermatitis
in children. Annals of allergy, asthma
& immunology : official publication of
the American College of Allergy,
Asthma, & Immunology.
2014;113(5):549-555.

Moniruzzaman S, Hagerhed Engman
L, James P, et al. Levels of endotoxin
in 390 Swedish homes: determinants
and the risk for respiratory symptoms
in children. International journal of
environmental health research.
2012;22(1):22-36.

Roussel S, Reboux G, Millon L, et al.
Microbiological evaluation of ten
French  archives and link to
occupational symptoms. Indoor air.
2012;22(6):514-522.

Abou-Donia MB, Lieberman A, Curtis
L. Neural autoantibodies in patients

Immunology.

32

50.

o1.

52.

53.

54,

55.

with  neurological symptoms and
histories of chemical/mold exposures.
Toxicology and industrial health.
2018;34(1):44-53.

Sahlberg B, Norback D, Wieslander
G, Gislason T, Janson C. Onset of
mucosal, dermal, and general
symptoms in relation to biomarkers
and exposures in the dwelling: a
cohort study from 1992 to 2002.
Indoor air. 2012;22(4):331-338.

Lu C, Deng Q, Li Y, Sundell J,
Norback D. Outdoor air pollution,
meteorological conditions and indoor
factors in dwellings in relation to sick
building syndrome (SBS) among
adults in China. The Science of the
total environment. 2016;560-561:186-
196.

Oudin A, Richter JC, Taj T, Al-Nahar
L, Jakobsson K. Poor housing
conditions in association with child
health in a disadvantaged immigrant
population: a cross-sectional study in

Rosengard, Malmo, Sweden. BMJ
open. 2016;6(1):e007979.
Gonzalez-Casanova |, Stein  AD,

Barraza-Villarreal A, et al. Prenatal
exposure to environmental pollutants
and child development trajectories
through 7 years. International journal
of hygiene and environmental health.
2018;221(4):616-622.

Karvala K, Toskala E, Luukkonen R,
vitti J, Lappalainen S, Nordman H.
Prolonged exposure to damp and
moldy workplaces and new-onset
asthma. International archives of
occupational and  environmental
health. 2011;84(7):713-721.

Saijo Y, Kanazawa A, Araki A, et al.
Relationships between mite allergen
levels, mold concentrations, and sick
building syndrome symptoms in
newly built dwellings in Japan. Indoor
air. 2011;21(3):253-263.

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



56.

S7.

58.

59.

60.

61.

62.

63.

64.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020
65.

Choi H, Byrne S, Larsen LS, et al.
Residential culturable fungi, (1-3, 1-
6)-beta-d-glucan, and  ergosterol
concentrations in dust are not
associated with asthma, rhinitis, or
eczema diagnoses in children. Indoor
air. 2014;24(2):158-170.

Brewer JH, Thrasher JD, Hooper D.
Chronic illness associated with mold
and mycotoxins: is naso-sinus fungal
biofilm the  culprit? Toxins.
2013;6(1):66-80.

Tuuminen T, Jaaskelainen T, Vaali K,
Polo O. Dampness and mold
hypersensitivity ~ syndrome and
vaccination as risk factors for chronic
fatigue  syndrome.  Autoimmunity
reviews. 2018.

Valtonen V. Clinical Diagnosis of the
Dampness and Mold Hypersensitivity
Syndrome: Review of the Literature
and Suggested Diagnostic Criteria.
Frontiers in immunology. 2017;8:951.
Morris ZS, Wooding S, Grant J. The
answer is 17 years, what is the
question: understanding time lags in
translational research. J R Soc Med.
2011;104(12):510-520.

Hirst JM. An Automatic Volumetric
Spore Trap. The Annals of Applied
Biology. 1952;39(2):257-265.
Sanchez-Ramos J. Brain's DNA repair
response to neurotoxicants. Annual
Report. 1 Jul 2004 - Jun 2005;Tampa
University, Florida

Gorny RL, Reponen T, Willeke K, et
al. Fungal fragments as indoor air
biocontaminants. Applied and
environmental microbiology.
2002;68(7):3522-3531.

Cho SH, Seo SC, Schmechel D,
Grinshpun S, Reponen T.
Aerodynamic  characteristic  and
respiratory  deposition of fungal
particles. Atmospheric Environment.
2005;39(30):5454-5465.

33

66.

67.

68.

69.

70.

71.

Shoemaker RC. Linkage
disequilibrium in alleles of HLA DR:
differential association with
susceptibility to chronic illness

following exposure to biologically
produced neurotoxins. Paper presented
at: American Society of Microbiology
2003.

McMahon SW. An Evaluation of
Alternate Means to Diagnose Chronic
Inflammatory Response Syndrome
and Determine Prevalence. Medical
Research Archives. 3/2017;5(3):1-17.
Rath B, Young EA, Harris A, et al.
Adverse respiratory symptoms and
environmental  exposures  among
children and adolescents following
Hurricane Katrina. Public health
reports (Washington, DC 1974).
2011;126(6):853-860.

Holst GJ, Host A, Doekes G, et al.
Allergy and respiratory health effects
of dampness and dampness-related
agents in schools and homes: a cross-
sectional study in Danish pupils.
Indoor air. 2016;26(6):880-891.
Hoppe KA, Metwali N, Perry SS, Hart
T, Kostle PA, Thorne PS. Assessment
of airborne exposures and health in
flooded homes undergoing renovation.
Indoor air. 2012;22(6):446-456.
Claudio L, Rivera GA, Ramirez OF.
Association Between Markers of
Classroom Environmental Conditions
and Teachers' Respiratory Health. The
Journal of school health.
2016;86(6):444-451.

Atan Sahin O, Kececioglu N, Serdar
M, Ozpinar A. The association of
residential  mold exposure and
adenotonsillar hypertrophy in children

living in damp environments.
International journal of pediatric
otorhinolaryngology.  2016;88:233-

238.

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



72.

73.

74.

75.

76.

77.

78.

79.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

Kearney GD, Chatterjee AB, Talton J,
et al. The association of respiratory

symptoms and indoor housing
conditions among migrant
farmworkers in  eastern  North

Carolina. Journal of agromedicine.
2014;19(4):395-405.

Hsu J, Chen J, Mirabelli MC. Asthma
Morbidity, Comorbidities, and
Modifiable Factors Among Older
Adults. The journal of allergy and
clinical immunology In practice.
2018;6(1):236-243.e237.

Karvala K, Nordman H, Luukkonen
R, Uitti J. Asthma related to
workplace dampness and impaired
work ability. International archives of
occupational and  environmental
health. 2014;87(1):1-11.

Hsu J, Qin X, Beavers SF, Mirabelli
MC. Asthma-Related School
Absenteeism, Morbidity, and
Modifiable Factors. American journal

of preventive medicine.
2016;51(1):23-32.
Karunanayake ~CP, Rennie DC,

Ramsden VR, et al. Bronchitis and Its
Associated Risk Factors in First
Nations Children. Children (Basel,
Switzerland). 2017;4(12).

Kielb C, Lin S, Muscatiello N, Hord
W, Rogers-Harrington J, Healy J.
Building-related health symptoms and
classroom indoor air quality: a survey
of school teachers in New York State.
Indoor air. 2015;25(4):371-380.
Cibella F, Ferrante G, Cuttitta G, et al.

The burden of rhinitis and
rhinoconjunctivitis in  adolescents.
Allergy, asthma & immunology

research. 2015;7(1):44-50.

Beridze V, Abuladze L, Partenadze N,
Bakhtadze T, Lawson J, Zejda JE.
Childhood asthma in Batumi, Georgia:
Prevalence and environmental
correlates. The Journal of asthma :

34

80.

81.

82.

83.

84.

85.

official journal of the Association for
the Care of Asthma. 2018;55(1):43-49.
Clarhed UKE, Svendsen M, Schioler
L, et al. Chronic Rhinosinusitis
Related to Occupational Exposure:

The Telemark Population Study.
Journal  of  occupational and
environmental medicine.

2018;60(7):656-660.

Norback D, Lu C, Zhang Y, et al.
Common cold among pre-school
children in China - associations with
ambient PM10 and dampness, mould,
cats, dogs, rats and cockroaches in the
home environment.  Environment
international. 2017;103:13-22.

Cable N, Kelly Y, Bartley M, Sato Y,
Sacker A. Critical role of smoking and
household dampness during childhood
for adult phlegm and cough: a
research example from a prospective
cohort study in Great Britain. BMJ
open. 2014;4(4):e004807.

Wang J, Engvall K, Smedje G,
Nilsson H, Norback D. Current
wheeze, asthma, respiratory
infections, and rhinitis among adults
in relation to inspection data and
indoor measurements in single-family
houses in Sweden-The BETSI study.
Indoor air. 2017;27(4):725-736.
Borras-Santos A, Jacobs JH, Taubel
M, et al. Dampness and mould in
schools and respiratory symptoms in
children:  the  HITEA  study.
Occupational and  environmental
medicine. 2013;70(10):681-687.
Weinmayr G, Gehring U, Genuneit J,
et al. Dampness and moulds in relation
to respiratory and allergic symptoms
in children: results from Phase Two of
the International Study of Asthma and
Allergies in Childhood (ISAAC Phase
Two). Clinical and experimental
allergy : journal of the British Society

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



86.

87.

88.

89.

90.

91.

92.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

for Allergy and Clinical Immunology.
2013;43(7):762-774.

Jacobs J, Borras-Santos A, Krop E, et
al. Dampness, bacterial and fungal
components in dust in primary schools
and respiratory health in
schoolchildren across Europe.
Occupational and  environmental
medicine. 2014;71(10):704-712.
Moussu L, Saint-Pierre P,
Panayotopoulos V, Couderc R, Amat
F, Just J. Determinants of allergic
rhinitis in young children with asthma.
PloS one. 2014;9(5):e97236.

Meszaros D, Burgess J, Walters EH, et
al. Domestic airborne pollutants and
asthma and respiratory symptoms in
middle age. Respirology (Carlton,
Vic). 2014;19(3):411-418.

Yang SI, Lee E, Jung YH, et al. Effect
of antibiotic use and mold exposure in

infancy on allergic rhinitis in
susceptible adolescents. Annals of
allergy, asthma & immunology
official publication of the American
College of Allergy, Asthma, &
Immunology. 2014;113(2):160-
165.e161.

Stankovic A, Nikolic M, Arandjelovic
M. Effects of indoor air pollution on
respiratory symptoms of non-smoking
women in Nis, Serbia.
Multidisciplinary respiratory
medicine. 2011;6(6):351-355.

Boneberger A, Haider D, Baer J, et al.
Environmental risk factors in the first
year of life and childhood asthma in
the Central South of Chile. The
Journal of asthma : official journal of
the Association for the Care of
Asthma. 2011;48(5):464-4609.

Hedman L, Andersson M, Bjerg A,
Forsberg B, Lundback B, Ronmark E.
Environmental risk factors related to
the incidence of wheeze and asthma in
adolescence. Clinical and

35

93.

94.

95.

96.

97.

98.

experimental allergy : journal of the
British  Society for Allergy and
Clinical Immunology. 2015;45(1):184-
191.

Punsmann S, Liebers V, Lotz A,
Bruning T, Raulf M. Ex vivo cytokine
release and pattern  recognition
receptor  expression of  subjects
exposed to dampness: pilot study to
assess the outcome of mould exposure
to the innate immune system. PloS
one. 2013;8(12):e82734.

Seo S, Kim D, Paul C, Yoo Y,
Choung JT. Exploring Household-
level Risk Factors for Self-reported
Prevalence of Allergic Diseases
Among Low-income Households in
Seoul, Korea. Allergy, asthma &
immunology research. 2014;6(5):421-
4217.

Weber A, Fuchs N, Kutzora S, et al.
Exploring the associations between
parent-reported  biological  indoor
environment and  airway-related
symptoms and allergic diseases in
children. International journal of
hygiene and environmental health.
2017;220(8):1333-1339.

Kelly A, Denning-Kemp G, Geiringer
K, et al. Exposure to harmful housing
conditions is common in children
admitted to Wellington Hospital. The
New Zealand medical journal.
2013;126(1387):108-126.

Martines F, Salvago P, Ferrara S, et al.
Factors influencing the development
of otitis media among Sicilian children
affected by upper respiratory tract
infections.  Brazilian journal of
otorhinolaryngology. 2016;82(2):215-
222.

Lin Z, Norback D, Wang T, et al. The
first 2-year home environment in
relation to the new onset and
remission of asthmatic and allergic
symptoms in 4246 preschool children.

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



99.

100.

101.

102.

103.

104.

105.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

The Science of the total environment.
2016;553:204-210.

Norback D, Cai GH. Dampness,
indoor mould, fungal DNA and
respiratory health - molecular methods
in indoor epidemiology. Clinical and
experimental allergy : journal of the
British  Society for Allergy and
Clinical Immunology. 2015;45(5):840-
843.

Reponen T, Vesper S, Levin L, et al.
High environmental relative moldiness
index during infancy as a predictor of
asthma at 7 years of age. Annals of

allergy, asthma & immunology
official publication of the American
College of Allergy, Asthma, &

Immunology. 2011;107(2):120-126.
Hu Y, Liu W, Huang C, et al. Home
dampness, childhood asthma, hay
fever, and airway symptoms in
Shanghai, China: associations, dose-
response relationships, and lifestyle's
influences. Indoor air.
2014;24(5):450-463.

Gent JF, Kezik JM, Hill ME, Tsai E,
Li DW, Leaderer BP. Household mold
and dust allergens:  exposure,
sensitization and childhood asthma
morbidity. Environmental research.
2012;118:86-93.

Ware D, Lewis J, Hopkins S, Boyer B,
Noonan C, Ward T. Sources and
perceptions of indoor and ambient air
pollution in rural Alaska. Journal of
community health. 2013;38(4):773-
780.

Harville EW, Rabito FA. Housing
conditions and birth outcomes: The
National Child Development Study.
Environmental research.
2018;161:153-157.

Levesque B, Huppe V, Dube M,
Fachehoun RC. Impact of indoor air
quality on respiratory health: results of
a local survey on housing

36

106.

107.

108.

109.

110.

111.

112.

113.

environment. Public health.
2018;163:76-79.

Jie Y, Kebin L, Yin T, Jie X. Indoor
Environmental Factors and
Occurrence of Lung Function Decline
in Adult Residents in Summer in
Southwest China. Iranian journal of
public health. 2016;45(11):1436-1445.
Hernberg S, Sripaiboonkij P, Quansah
R, Jaakkola JJ, Jaakkola MS. Indoor
molds and lung function in healthy
adults. Respiratory medicine.
2014;108(5):677-684.

Shorter C, Crane J, Pierse N, et al.
Indoor visible mold and mold odor are
associated with new-onset childhood
wheeze in a dose-dependent manner.
Indoor air. 2018;28(1):6-15.

Reponen T, Lockey J, Bernstein DI, et
al. Infant origins of childhood asthma
associated with specific molds. The

Journal of allergy and clinical
immunology. 2012;130(3):639-
644.e635.

North ML, Brook JR, Lee EY, et al.
The Kingston Allergy Birth Cohort:
Exploring parentally reported
respiratory outcomes through the lens
of the exposome. Annals of allergy,
asthma & immunology official
publication of the American College of
Allergy, Asthma, & Immunology.
2017;118(4):465-473.

Rea WJ. A Large Case-series of
Successful  Treatment of Patients
Exposed to Mold and Mycotoxin.
Clinical therapeutics. 2018;40(6):889-
893.

Seo S, Choung JT, Chen BT, Lindsley
WG, Kim KY. The level of submicron
fungal fragments in homes with
asthmatic children.  Environmental
research. 2014;131:71-76.

Gargano LM, Locke S, Jordan HT,
Brackbill RM. Lower Respiratory
Symptoms Associated With

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



114.

115.

116.

117.

118.

119.

120.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

Environmental and Reconstruction
Exposures After Hurricane Sandy.
Disaster medicine and public health
preparedness. 2018:1-6.

Norback D, Zock JP, Plana E, et al.
Lung function decline in relation to
mould and dampness in the home: the
longitudinal European Community
Respiratory Health Survey ECRHS I1.
Thorax. 2011;66(5):396-401.
Hernberg S, Sripaiboonkij P, Quansah
R, Jaakkola JJK, Jaakkola MS. Lung
function is reduced among subjects
with asthma exposed to mold odor.
Chest. 2014;146(1):e28-e29.

Keall MD, Crane J, Baker MG,
Wickens K, Howden-Chapman P,
Cunningham M. A measure for
quantifying the impact of housing
quality on respiratory health: a cross-
sectional study. Environmental health
: a global access science source.
2012;11:33.

Toyinbo O, Matilainen M, Turunen
M, Putus T, Shaughnessy R,
Haverinen-Shaughnessy U. Modeling
Associations  between  Principals’
Reported  Indoor  Environmental
Quality and Students' Self-Reported
Respiratory Health Outcomes Using
GLMM and ZIP Models. International
journal of environmental research and
public health. 2016;13(4):385.
Karvonen AM, Hyvarinen A, Korppi
M, et al. Moisture damage and
asthma: a birth cohort study.
Pediatrics. 2015;135(3):e598-606.
Norback D, Zock JP, Plana E, et al.
Mould and dampness in dwelling
places, and onset of asthma: the
population-based cohort ECRHS.
Occupational and  environmental
medicine. 2013;70(5):325-331.
Dutmer CM, Schiltz AM, Freeman
KL, et al. Observed Home Dampness
and Mold Are Associated with

37

121.

122.

123.

124.

125.

Sustained Spikes in Personal Exposure
to Particulate Matter Less than 10 um
in Diameter in Exacerbation-Prone
Children with Asthma. Annals of the
American Thoracic Society.
2018;15(Supplement_2):S131-s132.
Akpinar-Elci M, Bidaisee S, Nguyen
MT, Elci OC. Occupational exposure
and respiratory health problems
among nutmeg production workers in
Grenada, the Caribbean. International
journal  of  occupational and
environmental health. 2017;23(1):20-
24.

Norback D, Hashim JH, Hashim Z,
Sooria V, Ismail SA, Wieslander G.
Ocular symptoms and tear film break
up time (BUT) among junior high
school students in Penang, Malaysia -
Associations with fungal DNA in
school dust. International journal of
hygiene and environmental health.
2017;220(4):697-703.

Ahlroth Pind C, Gunnbjornsdottir M,
Bjerg A, et al. Patient-reported signs
of dampness at home may be a risk
factor for chronic rhinosinusitis: A
cross-sectional study. Clinical and
experimental allergy : journal of the
British  Society for Allergy and
Clinical Immunology.
2017;47(11):1383-1389.

Polyzois D, Polyzoi E, Wells JA,
Koulis T. Poor Indoor Air Quality,
Mold Exposure, and Upper
Respiratory Tract Infections--Are We
Placing Our Children at Risk? Journal
of environmental health.
2016;78(7):20-27.

Hulin M, Moularat S, Kirchner S,
Robine E, Mandin C, Annesi-Maesano
I. Positive associations between
respiratory outcomes and fungal index
in rural inhabitants of a representative
sample of  French  dwellings.
International journal of hygiene and

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



126.

127.

128.

129.

130.

131.

132.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

environmental health.
2013;216(2):155-162.

Tischer C, Zock JP, Valkonen M, et
al. Predictors of microbial agents in
dust and respiratory health in the
Ecrhs. BMC pulmonary medicine.
2015;15:48.

Karunanayake CP, Rennie DC, Pahwa
P, Chen Y, Dosman JA. Predictors of
respiratory symptoms in a rural
Canadian population: A longitudinal
study of respiratory health. Canadian
respiratory journal. 2011;18(3):149-
153.

Polyzoi E, Polyzois D. Presence of

Household Mold, Children's
Respiratory Health, and School
Absenteeism: Cause for Concern.

Journal of environmental health.
2017;79(7):28-35.

Pahwa P, Karunanayake CP, Rennie
DC, et al. Prevalence and associated
risk factors of chronic bronchitis in
First Nations people. BMC pulmonary
medicine. 2017;17(1):95.

Vincent M, Corazza F, Chasseur C, et
al. Relationship  between mold
exposure, specific IgE sensitization,
and clinical asthma: A case-control
study. Annals of allergy, asthma &
immunology : official publication of
the American College of Allergy,

Asthma, & Immunology.
2018;121(3):333-339.
Lanthier-Veilleux M, Baron G,

Genereux M. Respiratory Diseases in
University Students Associated with
Exposure to Residential Dampness or
Mold. International journal of
environmental research and public
health. 2016;13(11).

Kim JL, Elfman L, Wieslander G,
Ferm M, Toren K, Norback D.
Respiratory health among Korean
pupils in relation to home, school and
outdoor environment. Journal of

38

133.

134.

135.

136.

137.

138.

139.

Korean medical science.
2011;26(2):166-173.

Fu X, Lindgren T, Wieslander G,
Janson C, Norback D. Respiratory
[liness and Allergy Related to Work
and Home Environment among
Commercial ~ Pilots.  PloS  one.
2016;11(10):e0164954.

Norback D, Cai GH, Kreft I, Lampa E,
Wieslander G. Fungal DNA in dust in
Swedish day care centres: associations
with respiratory symptoms, fractional
exhaled nitrogen oxide (FeNO) and C-

reactive protein (CRP) in serum
among day care centre staff.
International archives of occupational
and environmental health.
2016;89(2):331-340.

Wang J, Engvall K, Smedje G,
Norback D. Rhinitis, asthma and

respiratory infections among adults in
relation to the home environment in
multi-family buildings in Sweden.
PloS one. 2014;9(8):€105125.

Park JH, Kreiss K, Cox-Ganser JM.
Rhinosinusitis and mold as risk factors
for asthma symptoms in occupants of
a water-damaged building. Indoor air.
2012;22(5):396-404.

Ciebiada M, Domagala M, Gorska-
Ciebiada M, Gorski P. Risk factors
associated with irreversible airway
obstruction in  nonsmoking adult
patients with severe asthma. Allergy
and asthma proceedings.
2014;35(5):72-79.

Civelek E, Cakir B, Orhan F, et al.
Risk factors for current wheezing and
its phenotypes among elementary
school children. Pediatric
pulmonology. 2011;46(2):166-174.
Abramidze T, Gotua M, Rukhadze M,
Gamkrelidze A. Risk factors of
asthma in Georgian schoolchildren.
Georgian medical news.
2012(213):48-51.

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



140.

141.

142.

143.

Internal Medicine Review
A Comprehensive Review of Mold Research Literature from 2011 - 2018

January 2020

Casas L, Espinosa A, Pekkanen J, et
al. School attendance and daily
respiratory symptoms in children:
influence of moisture damage. Indoor
air. 2017;27(2):303-310.

Devien L, Giovannelli J, Cuny D, et
al. Sources of household air pollution:
The association with lung function and
respiratory symptoms in middle-aged
adult. Environmental research.
2018;164:140-148.

Sun Y, Zhang Y, Bao L, Fan Z,
Sundell J. Ventilation and dampness
in dorms and their associations with
allergy among college students in
China: a case-control study. Indoor
air. 2011;21(4):277-283.

Choi H, Schmidbauer N, Bornehag
CG. Volatile organic compounds of

39

144,

145.

possible microbial origin and their
risks on childhood asthma and
allergies  within  damp  homes.
Environment international.
2017;98:143-151.

Thrasher JD, Gray MR, Kilburn KH,
Dennis DP, Yu A. A water-damaged
home and health of occupants: a case
study. Journal of environmental and
public health. 2012;2012:312836.
Behbod B, Sordillo JE, Hoffman EB,
et al. Wheeze in infancy: protection
associated with yeasts in house dust
contrasts  with  increased  risk
associated with yeasts in indoor air
and other fungal taxa. Allergy.
2013;68(11):1410-1418.

Copyright 2020 Internal Medicine Review. All Rights Reserved. Volume 6, Issue 1.



