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A Family with ME/CFS Following Exposure to Molds, Mycotoxins
and Bacteria in a Water-Damaged Home: A Case Report
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Abstract: The health of a family of five exposed to molds, bacteria and mycotoxins in a water-damaged home
deteriorated within 2 months. Airborne nonviable spore counts ranged from 12 thousand to over 3 million per cubic
meter. ERMI-36 tests of dust from the refrigerator compressor area identified several species of Aspergillus and
Penicillium, Chaetomium globosum and Stachybotrys chartarum. Mycotoxins identified in urine samples from each of the
family members matched results identified in dust samples collected within the home including both ochratoxin and
trichothecenes. The family developed enlarged lymph nodes, skin rashes, unrefreshing sleep, neurocognitive decline,
and orthostatic changes consistent with Myalgic Encephalomyelitis-Chronic Fatigue Syndrome (ME/CFS). We propose
that the family developed Sarcoidosis as a result of the exposure to fungal micro particles and have been chronically ill
for over 3 years following the initial exposure. They currently reside in a home with no known water-damages resulting in

mold growth, but continue to experience symptoms of ME/CFS.
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INTRODUCTION

Water intrusion into buildings and homes leads to
the presence of microbial growth, including molds and
bacteria, endotoxins, microbial volatile organic
chemicals (mVOCs) and nano particulates containing
secondary microbial metabolites (mycotoxins and 1, 3-
beta-D-glucans), and other bio-contaminants. Exposure
to any one of these biocontaminants can lead to
adverse health effects in occupants [1, 2]. Occupants
of these environs can develop a chronic illness,
expressing multiple symptoms [3, 4]. A variety of health
problems have been associated including cognitive
impairment [10-13]; chronic fatigue [1, 2]; upper and
lower respiratory infections (5, 6); fungal rhinosinusitis
[7-9]; fungal pneumonia and pulmonary bleeding [14,
15]; liver and mitochondrial damage [16]; and
stimulation of proinflammatory cytokines. While
considered to be an autoimmune disease, Sarcoidosis
has been successfully treated with antifungal therapy
suggesting a fungal etiology [17-20].

MATERIALS AND METHODS

Family Homes and Schools

The family consists of the father, age 38 vy, the
mother, age 34 y and three daughters (ages 17, 15 and
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7 yrs). They lived in a water-damaged home for five
months (October 2011 to February 2012). Within 60
days after occupation of the home, they began
experiencing a decline in their health. After discovering
and testing for molds, bacteria and mycotoxins in their
home they moved into a motel for one month and then
into the home of the father's parents. They sought
medical help on May 23, 2012. For the past 2.75 years
they have been living in a home that was tested and
cleared of water-damage and mold. The original moldy
home did not have sewer or gas odors, or pesticide
exposure. The family has reported that they continue to
have chronic health problems.

Neurophysiological and Pulmonary Function Tests

Neurophysiological and pulmonary function testing
were performed on the father and mother according to
the methods of Kilburn [11, 12]. The three daughters
were not tested because of financial constraints of the
family budget.

FitBit Sleep Data

A sleep study was performed on each family
member using a FitBit Surge monitor available through
Best Buy retail outlets. The monitor was set on ultra
normal, which automatically tracks and stores
information regarding sleep as follows: duration of
sleep, number of times awake, duration of restless
sleep and un-refreshing sleep. Each family member
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was recorded for five consecutive nights. All time-
recorded events were converted to the mean % stand
deviation in minutes.

AAA and Air & Water Sciences, Inspection and
Mold Testing Services

Airborne mold spores were determined using non-
viable air samples collected with Air-O-Cell spore trap
cassettes. All samples were collected for 5 minutes at
15 liters per minutes for a total volume of 75 liters of
air. Samples were collected at room temperature, with
closed windows, doors, and without the HVAC
operating. After sample collection, the cassette was
sealed, labeled, and shipped to Microtest Laboratories,
Fair Oaks, CA under chain of custody for the
identification to the Genus the airborne mold spores
per cubic meter.

Dust samples were obtained from the master
bedspread, bathroom carpeting, and the refrigerator
coil and insulation, and were sent to Natural Link Mold
Laboratories under chain of custody to culture and
identify mold and bacteria. Molds were cultured at 25°C
MEA — Malt Extract Agar: non-selective (which allows
for recovery of wide variety of fungi); DG18 — Dichloro
Glycerol 18 % Agar (which allows for recovery of
xerophilic fungi); CEL — Cellulose Agar (which selects
for cellulolytic fungi). The bacteria were cultured at
37°C and identified to the Genus using the following
three media: TSA, CN and MAC.

Refrigerator compressor and insulation dust
samples were sent to RealTime Laboratories,
Carrollton, TX, under chain of custody for ERMI-36
(PCR DNA) testing to determine mold species. The
ERMI rating was ignored as irrelevant for
consideration. The dust samples were also tested for
the presence of aflatoxins, ochratoxin and
trichothecenes as previously published [21, 22].

Visual Inspection

The home is a single-story, single-family dwelling
with a raised foundation located in a rural area outside
of Sacramento, California. The residence has T1-11
exterior siding and an asphalt shingle roof. The family
moved into the home and observed a musty odor which
the management company tried to resolve by cleaning
the carpets multiple times, however, the odors did not
abate.

Several months after moving in the family identified
wet carpeting due to a leaking showerhead in the

master bedroom. Initial remedial efforts were
performed by an untrained general contractor who
neglected standard remediation protocols including the
use of containment and negative air pressure
enclosures, and HEPA filtered mechanical devices.
The contractor removed water damaged and moldy
drywall exposing over 40 square feet of microbial
growth and then placed a box fan on the growth that
was within the master bedroom. The family was not
provided alternative housing and continued to sleep in
the room. The walls were kept open for drying
purposes until the family called for a mold inspection
and relocated shortly thereafter.

Roofing leaks were likely present prior to the family
moving in and were immediately observed upon the
first rains and all subsequent raining events during their
occupancy. The rain affected the cellulose-type attic
insulation that measured approximately 6-8 inches
thick with a total affected area of approximately 400
square feet of attic space (neglecting insulation
thickness). Microbial growth identified within the
insulation and on the back-side of the ceiling drywall
included Aspergillus versicolor and Stachybotrys
chartarum. It is highly likely that these molds were
present within the home prior to and throughout the
occupancy by the family.

FINDINGS
Family Symptoms

The health history and symptoms of each family
member prior to occupation of the water-damaged
home, during occupation and in the current home are
summarized in Table 1. Prior to occupation the family
experienced common health conditions such as colds
and annual flu. Upon occupying the water-damaged
home, they developed multiple health conditions that
varied in each family member. The common symptoms
that they all developed involved nasal congestion and
sinusitis, neurocognitive decline, requirement for sleep
(Hypersomnsolence) and fatigue. Despite subsequently
occupying the cleaner home for 2.75 years, they still
experience many of the symptoms. The most
debilitating health problems are the persistence of
chronic fatigue (ME/CFS) and cognitive decline.

Neurological Test Results: Father and Mother

The results of the neurophysiological and
pulmonary function tests are summarized in Figure 1.
The father had a total of 10.5 neurological
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Table 1. Health History of each Family Member: Prior to Occupations, during Occupation and 3 Years after moving out
of the Water-Damaged Home
Family . .
Member Prior Health Symptoms in Water-Damaged Home Cleaner Home Apr 2014 Follow-up
SOB, Chest tightness, H.A.s, Heavy fatigue, Sinus and | SOB, Chest tightness and pain, Heavy fatigue, H.A.s,
nasal congestion, Raspy cough, Runny nose, Sore Sinusitis, Raspy cough, Sore throat, Abdominal pain,
Common - . . cem . -
Father, Colds throat, Memory loss, Light headed, Dizzy spells, Vomit-| Memory loss, mental fog, difficulty with concentrating,
32y ing blood with severe coughing, High blood pressure. Vertigo and dizzy spells. Symptoms have improved
Annual Flu ) . L : . : . ) g
Requires sleep, fatigue. Muscle and joint pain, flu-like | but still remain, Daily work activity exacerbates CFS,
feeling. Enlarged Cervical and Axilllary lymph nodes Requires sleep, ME/CFS
. . . SOB, Chest tightness and pain, Heavy fatigue, Sinus
Common SOB, Chest tightness and pain, H.A.s, Heavy fatigue, gnine pair vy tatig
] . and nasal congestion, Abdominal pain, Memory loss,
Colds Sinus and nasal congestion, Raspy cough, Sore e . . :
Mother Annual Flu throat, Abdominal pain, Memory loss, Mental fo mental fog, difficulty concentrating, Vertigo, Dizzy
31 ’ Auto accide;ﬂ Dif‘fi,cult concen?ratir; Vertiyo Di‘zz spells * spells, swelling of lymph nodes, chronic rhinitis, Pain in
/ (back and Requires slge fatigue Mgu‘scle agnd‘ 'ointyai?] qu. like knees, elbows and calves, decreased work
knee pains) a feelir?‘ Re?shés on neck anjd ba<‘:)k ’ performance, skin rashes, linear sclero-derma,
P 9- ’ Requires sleep. ME/CFS
Abdominal pain, Leg rashes, H.A.s, Difficulty SOB with exertion, Wheezing Abdominal pain, Scars
Common concentrating, Sinus pain, Sore throat, Raspy cough, on legs from rash, H.A.s, Sinus pain, Chronic
Daughter, ) o e ; . o o ) e )
13 colds Fatigue, Vomiting, Difficulty in P.E, Wheezing and Rhinitis, Difficulty concentrating, difficulty in school
y Annual flu tiredness. Requires sleep, fatigue, Muscle and joint and tests, Fatigue, Difficulty in P.E, - Wheezing and
pain, flu-like feeling, Enlarged cervical lymph nodes tiredness. Requires Sleep, ME/CFS
Common Abdominal pain, Difficulty concentrating, Sinus pain, Abdominal pain, Difficulty concentrating, Sinus pain,
Daughter, colds, Annual Dry cracking skin under nose, H.A.s, Vomiting. on- going U.T.Is, enlarged submandibular nodes, Dry
1My flu, Inattentive | Requires sleep, fatigue, Muscle and joint pain, flu-like cracking skin under nose, H.A.s. Requires sleep,
at school feeling ME/CFS
Ear Infections, Heart murmur, Exhaustion, Runny nose Heart murmur, Raspy coughs though out the day,
Common . " e .
Daughter, Colds with red rash under nose, Vomiting, Fever, Lethargy, rhinitis, Alternating runny nose, dry and crusty. Post
4y Annual flu Fatigue, skin rashes, Raspy cough. Requires sleep, inflammatory pigmentation of skin, Requires extra
fatigue, Muscle and joint pain, flu-like feeling sleep (napping), ME/CFS
Father — 10.5 Abnormalities Mother — 14 abnormalities
Tagt Observed Predicted Limit Abn Teat. Observed Predicted Limit Abn
REURQPHYSIOLOGICAL HEUROPHYSIOLOGICAL
simple Reaction Time (ms) 282 275.88 371.29 0 Simple Reaction Time (ms) 367 275.88 371.29 0
Choice Reaction Time [ms) 484 475.20 602.29 [ Cholce Reaction Time (ms) 489 473,66 €00.34 0
Sway-Balance (cm/sec) Eyes Open .13 .67 900 Sway-Balance (cm/sec) Eyes Open 68 .67 900
Sway-Balance [cm/sec) Eyes Close .98 1.02 1.50 0 Sway-Balance (cm/sec) Eyes Close l.22 .99 1.44 0
Blink Reflex R Blink Reflex R
Blink Reflex L Blink Reflex L
Grip Strength (kgl R 62.40 59.71 1381 0 Grip Strength (kg) R 46.20 35,05 23.50 0
Grip Strength (kg) L 69.60 58.08 42.19 0 Grip Strength (kg) L 20.40 32,79 22.44 .5
Color Vision R 14.10 11.24 12.66 .5 Color Vision R 12.80 11.04 12,14 .5
Color Vision L 17.80 11.24 12.66 .5 Color Vision L 11.80 11.04 12.14 0
visual Fields Performance R Visual Fields Performance R
Visual Pields Performance L Visual Fields Performance L
Hearing R Hearing R
Hearing L Hearing L
COGNITIVE FUNCTION COCGNITIVE FUNCTION
Culture Fair Score 28 33.10 25.40 0 Culture Fair Score 25 35.03 27.34 1
Vocabulary Score 12 25.59 15.95 1 Vocabulary Score 20 29,40 19.75 0
Digit Symbol Score k] 58.45 43,99 1 Digit Symbol Score 28 71.12 55.07 1
RECALL RECALL
Verbal Recall (Immediate) 8 24.19 13.93 1 Verbal Recall (Immediate) 10 25.83 15.63 1
Verbal Recall (Delayed) 2 19.84 8.65 1 verbal Recall (Delayed) 3 20.79 9.60 1
Rey 15 Figures 15 Rey 15 Figures 14
PERCEPTUAL MOTOR SPEED PERCEPTUAL MOTOR SPEED
Pegboard, Dominant (sec) 73 66.00 82.30 0 Pegboard, Dominant (sec) 96 60.76 T4.31 1
Trails A (sec) 28 27.03 41.14 0 Trails A (sec) 98 25.59 38.95 1
Trails B (sec) 151 59.39 97.44 1 Trails B (sec) 1713 49.06 a0.49 1
Finger Writing Errors R [ 1.53 6.70 0 Finger Writing Errors R 12 1.81 1.28 5
Finger Writing Errors L 5 .66 4.73 -3 Finger Writing Errors L 10 .96 5.49 .5
LORG-TERM OR CRYSTALLIZED MEMORY LONG-TERM OR CRYSTALLIZED MEMORY
Information 7 20.36 14.00 1 Information 10 20.35 13.99 1
picture Completion 13 16.43 12.45 0 Picture Completion B 15.89 11.73 1
Similarities 12 2.7 14.56 1 Similarities 14 23,06 16.42 1
AFFECTIVE STATUS AFFECTIVE STATUS
profile Of Mood States 83 50 1 Profile Of Mood States 65 50 1
Tenaion 26 Tensicn 15
Depression 20 Depreasion 16
RAnger 19 Anger T
Viger 8 Vigor 1
Fatigue 11 Fatigue 18
Confusion 15 Confusion 13
Symptom Frequency 4.68 2.63 4.35 1 Symptom Freguency 5.91 2.63 4.35 1
Beck's Depression Scale 9 Beck's Depressicn Scale 16
Limbic System Checklist 34 Limbic System Checklist k3
PULMONARY FONCTION PULMONARY FUNCTION
FvC v
FEV1 FEVL
F 25-75 F 25-15
F 75-85 ¢ 75-85
FEV1/EVC FEVL/EVC
ABNORMALITIES: Neuwrological 10.5 Visual Quadrant 0 Smell Recognition 1 ABNORMALITIES: Meurological 14  WVisual Quadrant 0 Smell Recognition 1

Pulmonary Function 4

Figure 1: This figure summarizes the results of neurological testing on done of the father and mother.
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abnormalities that included the following: color vision,
vocabulary, digit symbol, verbal recall (immediate and
delayed), trails B, finger writing (left), long-term
crystallized memory, profile mood states, symptom
frequency and smell recognition. The results of the
mother's testing showed higher score of 14
abnormalities with a pattern similar to the father. Both
had abnormal PFT tests results suggesting decreased
pulmonary flow and increased resistance (data not
shown).

Sleep Studies

The father made the following general comments
regarding sleep patterns: (1) father stated “I generally
do have trouble falling to sleep because of exhaustion
during the middle to the end of the day. Exercise does
exacerbate the fatigue and | feel drained after physical
exercise. (2) The same occurs with my wife. (3) The
youngest daughter immediately falls asleep in the
backseat when | pick her up from school. She takes

short naps during the day when at home. (4) The two
oldest daughters stay up late and sleep late.”

FitBit Sleep Data

The results of the FitBit sleep data are summarized
in Table 2. The data are listed as total minutes for each
measurement, except for number of times awake for
the five days of monitoring. The average duration of
sleep ranged from 9.1 (youngest daughter) to 8.1
(mother) hours. The number of times awake ranged
from a mean of 0.8 times per night (daughter, 15 y) to
3.4 times (mother). The mean duration of restless sleep
measured the least for two daughters (ages 17 and 15)
at a mean of 13 and 9.8 minutes, respectively. The
mean duration of restless sleep for the youngest
daughter was 14.8 minutes, while the findings for the
father and mother were 19.3 and 19.5 minutes,
respectfully. The duration of un-refreshing sleep for
each family member was as follows: Father (42.8
minutes), mother (38 minutes), daughter, 17 y (25.2

Table 2. Results of Sleep Monitoring Events in each Family Member using FitBit Surge Monitor

Event Father, 36 y Mother, 34y Daughter, 17 y Daughter, 15y Daughter, 7 y
Sleep Minutes 477+62.5 508.2+68.1 407+67.7 431.6+45.9 551.4162.2
Times Awake 3+1.6 3.4+1.3 2.2+1.3 0.8+1.3 1.5¢1.5
Restless 19.3+3.2 19.619.5 1316.5 9.815.3 14.816.2
Un-refreshing Sleep 42.86.7 38+20.8 25.2+18.4 32.6+12.2 26.6+12.4

Table 3. Total Airborne counts/m® and the Percentage of each Genus Nonviable Fungal Spores in Three Rooms of the

Home and Outdoors (Front and Back Yards)

Fungal 1.D. Back Yard Front Yard Mstr Bath Family Rm Child’s Bdrm
Count % Count % Count % Count % Count %
Alternaria 0 0 0 0 0 0 27 0.1 13 0.1
Arthinium 0 0 0 0 489 0.02 27 0.1 27 0.2
Ascospores 440 34 1600 38 0 0 0 0 1880 16
Basidiospores 60 160 120 0.004 240 1 360 3
Chaetomium 0 0 14,530 0.5 373 2 147 1
Curvularia 0 0 0 0 13 0.1 0 0
Cladosporium 160 12 760 18 240 0.01 1320 7 1400 12
Epicoccum 67 40 1 13 0.0004 27 0.1 0 0
Fragments 0 40 1 680 0.02 120 1 80 1
Pen/Asp 40 31 1240 29 3090427 99 16156 81 8078 67
Pollen 0 0 0 0 120 0.004 160 1 0 0
Scopulariopsis 0 0 360 8 1360 0.04 120 1 0 0
Smuts/Peric/Myxomycetes 160 12 0 0 240 0.01 0 0 0 0
Stachybotrys 0 0 0 0 387 0.01 0 0 0 0
Ulocladium 0 0 0 0 80 0.003 93 0.5 40 0.3
Total Spore Counts/m® 1,306 4,239 3,114,515 19,928 12,024
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minutes), daughter 15 y (32.6 minutes), and youngest
daughter (26.6 minutes). The youngest daughter takes
3 to 4 naps during the day, with a difficulty in staying
awake.

Nonviable Airborne Spore Counts

The airborne nonviable spore counts in the back
and front yards and three rooms in the home are listed
in Table 3. The predominating molds were Aspergillus/
Penicillium. Airborne Chaetomium was identified in the
master bath, family room and the child’s room ranging
from 240 to 1,400 spores per cubic meter of air.
Airborne Stachybotrys spores were present in the
master bath. The highest overall spore count was in the
master bath at 3.11 million followed by the family room
(19,928) and the child’s bedroom (12,024) per cubic
meter of air. Outside air samples were dissimilar for
both quantity (with all 3 samples showing amplified or
elevated levels of Chaetomium and Aspergillus/
Penicillium type spores) and the rank and file of the
fungal ecology.

Master Bedspread Viable Mold and Bacteria

The viable mold and bacteria cultured from the dust
sample are shown in Tables 4 and 5. The species of

Table 4. Viable Species of Mold Cultured in the Dust
from the Master Bed Spread in Hree different
Culture Media

\dentified Fungus | oIV optmal Gl of
A. versicolor 34 CEL 340,000
A. Niger 2 MEA 20,00
P. chrysogenum 13 MEA 130,000
P. brevicompactum DG18 50,000
P. crustosum 3 MEA 30,000
P. glabrum 1 DG18 10,000
Acremonium 20 MEA 200,000
Aureobasidium 10 DG18 100,000
Yeasts 10 MEA 100,000
Phoma 8 CEL 80,000
Epicoccum 3 MEA 30,000
Chaetomium 1 CEL 10,000
Cladosporium 1 MEA 10,000
Mucor 1 MEA 10,000
Non-sporulating 1 MEA 10,000
Scopulariopsis 1 CEL 10,000
Total Count/g of Dust 1,140,000

MEA - Malt Extract: Non selective, allows for recovery of wide variety of fungi
DG18 — Dichloro Glycerol 18 % Agar: Allows for recovery of xerophilic fungi
CEL - Cellulose Agar: Selective for cellulolytic fungi

molds present in the bedspread were identified using
four different culture media. The identified molds
included Aspergillus versicolor and niger, four species
of Penicillium (chrysogenum, brevicompactum, crusto-
sum, and glabrum), Acremonium, Aureobasidium,
yeasts, Phoma, Epicoccum, Chaetomium, Clado-
sporium, Mucor and Scopulariopsis. The viable spore
counts ranged from 10,000 to 340,000 spores per gram
of dust, with Aspergillus versicolor at 340,000
CFU/gram of dust. The total spore count was
1,140,000 viable spore per gram of dust. The total
bacterial count on TSA medium was 8,400,000
CFU/gram of dust. The isolated bacteria were
predominately Gram-positive organisms and included
Bacillus, Micrococcus, Alloiococcus/Staphylococcus,
Krytococcus and Actinobacteria (e.g. Streptomyces).
Gram-negative bacteria were <1 % of the total viable
count.

Table 5. Bacteria Identified in a Dust Sample taken from
the Bed Spread in the Master Bedroom

Isolation Media -TSA - Total Counts — 8,400,000 CFU/g
- CNA - Total Counts — 5,100,000
- MAC - Total Counts — 50,000

Bacterial Break by genera/and or species — Estimated
Percentages

o Gram Positive Bacteria = 99 %

Gram Positive Cocci = 90 % -A variety were isolated on TSA
and CAN. These included Micrococcus (25 %);
Alloiococcus/Staphylococcus (6 %) Krytococcus (4 %) and
many others at lower percentage.

o 2 colonies of Actinomycetes were isolated on TSA with
morphology suggestive of Streptomyces.

o Gram negative bacteria = Total of 4 colonies on MC.MCA
=<1%

o Coliform bacteria — Two colonies on MCA =<1 %

ERMI-36 Results on Refrigerator Compressor and
Insulation Dust

The results of the ERMI-36 (PCR-DNA) test on the
dust sample from the refrigerator compressor-
insulation are summarized in Table 6. The identified
species were as follows: Aspergillus flavus, A.
fumigatus, A. versicolor, A. ochraceus, A. niger and A.
sydowii; Eurotium amstelodami, Penicillium
purpurogenum, P. pullulans, P. corylophilum, and P.
crustosum, Scopulariopsis chartarum, Trichoderma
viride, Wallemia sebi, Chaetomium globosum and
Stachybotrys chartarum.
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Table 6. The Results of the ERMI-36 Test Performed on
the Dust Sample taken from the Area of the
Refrigerator Compressor and Insulation
(Species of each Mold is given as the Number
of Spores Per Milligram of Dust)

Number of Spores/mg of

Fungal Species Dust

Aspergillus flavus 8
Aspergillus fumigatus 33
Aspergillus versicolor 78
Aspergillus ochraceus 151

Asperqgillus niger 33

Aspergillus sydowii 10
Eurotium amstelodami 785
Penicillium purpurogenum 7
Aureobasidium pullulans 114
Penicillium corylophilum 27
Penicillium crustosum 1,946
Scopulariopsis chartarum 44
Trichoderma viride 12
Wallemia sebi 25
Chaetomium globosum 3
Stachybotrys chartarum 1

Mycotoxin Tests Results — Refrigerator Dust and
Urine Samples

The results of the tests for mycotoxins in the
refrigerator dust and family urine samples are
summarized in Table 7. Ochratoxin A (0.7 ppb) and
trichothecenes (3.86 ppb) were detected in the
refrigerator dust. Ochratoxin (range 1.4 to 2.8 ppb) and
trichothecenes (0.22 to 0.97 ppb) were detected in
urine samples from all family members.

Table 7. Mycotoxins Identified in the Dust Sample from

the Refrigerator Compressor Area and in the

Urine of the Five Occupants of the House (The

concentrations are in ppb)
Sample L.D. Aflatoxin | Ochratoxin | Trichothecene

Refrigerator Dust 0 0.7 3.86
Urine (Father) 32 y 0 1.4 0.81
Urine (Mother) 31y 0 2.1 1.26
Daughter 15 y 0 2.8 0.91
Daughter 12 y 0 1.4 0.97
Daughter 5y 0 1.4 0.22

Urine Ochratoxin References: <1.8 ppb (negative), 1.8-2.0 (equivocal, 2.0 ppb
(positive)). Trichothecene References: = 0.2 ppb (positive).

DISCUSSION

Exposure

The home occupied by the family in this study was
heavily contaminated with fungi and bacteria. The
sources of water damage were likely present prior to
their moving in. The showerhead leak was somewhat
hidden by furniture and wallpaper, thereby delaying
detection. The roofing leaks affected cellulose-type
attic insulation that measured approximately 6-8 inches
thick, with a total affected area of approximately 400
square feet of attic space (neglecting insulation
thickness). Upon first discovery the family notified the
management company. A roofing company provided
recommendations that the entire roof needed
replacement and stated that temporary repairs would
be ineffective. The roofing leaks were not resolved
during their occupancy.

The nonviable airborne spore counts ranged from
12,204 to over 3 million spores per cubic meter (Table
3). The viable fungal count detected in the master
bedspread was above 1 million CFU/gram of dust
Table 4. The bacteria isolated from the bedspread was
over 90% gram positive bacteria, while Gram negative
bacteria were < 1%. In addition Actinomycetes were
also cultured (Table 5). Finally, the ERMI-36 (PCR-
DNA) testing of refrigerator compressor and insulation
identified several species of Aspergillus, Eurotium
amstelodami, two species of Penicillium, Trichoderma
viride, Stachybotrys chartarum, and Chaetomium
globosum (Table 6). All of these molds produce
mycotoxins. Thus, the fungal, bacterial, and mycotoxin
contaminants identified in this home adds and agrees
with the previously published observations on the role
of these biocontaminants in adverse health effects that
occur in water-damaged indoor environments [1, 2, 14-
16, 21-31].

Medical Evaluations

The entire family began to develop a variety of
symptoms [within 2 months after occupation of the
mold/bacterial contaminated home (Table 1). Their
health history prior to this was limited to common colds
and annual flu. The mother had residual back and knee
pains resulting from an auto accident. While symptoms
related to the exposure to mold and bacteria varied
among the family members, they all developed
common symptoms. These included enlarged lymph
nodes, shortness of breath (SOB), cough, wheezing,
skin rashes and a flu-like feeling. Their most disturbing
symptoms were fatigue, memory loss, difficulty
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concentrating, light-headiness, dizziness, and
Hypersomnsolence. In addition, the two older
daughters began to have difficulty in school studies and
functions, while the youngest required constant
motherly care, taking unscheduled naps and
immediately falling asleep in the car. The mother was
relieved of her employment with the city government
because of her own decreased work performance, and
extra time she needed to take care of the ill children.
As a result, the family sought medical attention of
Janette Hope, M.D, Santa Barbara, CA. Ochratoxin
and trichothecene mycotoxins were detected in urine of
all family members, confirming exposure to the same
mycotoxins, which were detected in the dust sample
taken from the refrigerator compressor/insulation area
(Table 7).

Inspection of Table 1 of the symptom complex still
present in the 2014 medical follow-up reveals that the
health of each family member agrees with the findings
of IOM. In addition, the neurophysiological tests results
in Figure 1 demonstrate persistent neurocognitive
deficits are present in the mother and father. Finally,
the FitBit data presented in Table 2 demonstrate that
each family member has a significant amount of
restless and unrefreshing sleep, thus, adding to the
medical history and neurophysiological abnormalities
that have led to the diagnosis of ME/CFS in this family.

Neurophysiological testing confirmed the neuro-
degenerative (neurocognitive) dysfunction in the
parents. The father had 10.5 neurological abnormali-
ties, and the mother had 11 abnormalities. The
daughters were not tested as a result of financial
constraints (Figure 1). The results of the PFT tests
performed on the parents were not available for review.
However, symptoms of SOB suggest the possibility of
asthma or pulmonary conditions (e.g. hypersensitivity
pneumonitis, fungal pneumonitis) resulting from the
exposure to the conditions of the water damaged
home. Neurocognitive deficits, neurological
abnormalities and lung disease have been reported in
mold exposed adults and children [2-13, 17-20, 37-40].

Mold and Mycotoxin Related llinesses in Literature

Mycotoxins have been reported in body fluids,
biopsies and autopsy specimens in individuals exposed
to molds in water damaged indoor environments.
Various specimens include biopsies, autopsies [21];
autopsy from fungal pneumonia and pancytopenia [15];
another autopsy from an 18 month old boy who died
from pulmonary bleeding [14]; breast milk and liver (in

a Reye’s-like infant death [15]; urine, sinuses, uterus
and umbilical cord in a family who had an infant born
with NF Type 1 [22]; serum of individuals exposed fo
Stachybotrys chartarum [32]; CSF following indoor
mold exposures [33, 34]; a case of sphenoid sinus
aspergilloma [9]; several cases of fungal sinusitis [7, 8];
and sera of cancer patients with aspergillosis [35].

The Institute of Medicine reviewed the peer-
reviewed literature regarding Myalgic Encephalo-
myelitis-Chronic Fatigue Syndrome (ME/CFS). The
symptoms of the ME/CFS include: 1) reduction and
impairment to carry out normal daily activities,
accompanied by profound fatigue; 2) Post-exertional
malaise; 3) unrefreshing sleep; 4) cognitive impairment;
5) orthostatic intolerance; 6) and failure to recover from
prior infections and abnormal immune function [36].

Although the IOM Committee did an extensive
review of the literature regarding ME/CFS, they did not
find a causal link of the illness with respect to
environmental exposure to toxins. All of the references
cited in the IOM have been reviewed via the National
Library Medicine. None of the papers looked for a
causal link to exposure to environmental toxins,
including those present in water-damaged buildings.
Two papers have summarized the ongoing health of
individuals with CFS exposed to water-damaged and
mold infested indoor environments. Both papers list
CFS as an iliness in their patients [1, 2]. Recent
publications have demonstrated that exposure to mold
micro-particulates that contain 1, 3-beta-D-glucan,
various mold generated proteins, and mycotoxins are
causally related to Sarcoidosis of occupants of mold
infested homes and occupants of water-damaged office
buildings [17-20, 37, 40]. Thus, the professionals of
toxicology and medicine must become aware of this
pervading health problem.

Sarcoidosis is a systemic inflammatory disease of
unknown cause that is characterized by the in vitro and
in vivo release of pro-inflammatory mediators. There is
evidence that such inflammation can result from of
exposure to fungal cell wall nano-particulates [38, 40].
These cell wall fragments are a least 1000-fold greater
in concentration than are airborne mold spores [41-43].
The aerodynamics of these fragments readily allows
deposition in the nasal cavity and lungs of occupants of
water-damaged buildings [44].

Since Sarcoidosis is a debilitating systemic
inflammatory disease that can affect multiple organ
systems and result in chronic fatigue and other
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symptoms of ME/CFS, we recommend that the role of
hazardous indoor fungal and bacterial biocontaminants
be further investigated as ftriggers or causes of
Sarcoidosis. Also, considering recent disaster-
producing weather conditions, we recommend that
further epidemiological studies of occupants in water-
damaged indoor environments be urgently conducted
to investigate the frequency of this potentially wide-
spread environmental public health problem [45-55].

CONCLUSIONS

In conclusion, animal and human studies have
demonstrated that toxin-laden nano-particulates are
present in the water-damaged indoor environment and
polluted outdoor air. The sources of these ultrafine
particulates are fungi and bacteria in the indoor
environment as well as air pollution, e.g. smog. They
enter humans and animals via two major routes: (1) via
the olfactory nerve spreading directly into the brain
damaging the hypothalamic-pituitary axis, and (2) via
nano-particulates undergoing translocation into the
systemic circulation from the surfactants in the alveoli.
Both routes lead to pathology of the nose, lung, heart
and brain, upper and lower respiratory tract via the
production of pro-inflammatory cytokines and oxidative
stress in humans and animal models [56-66]. Recently
published research has shown that fungi are present in
the CNS of patients with Alzheimer’'s disease and
Amyotrophic lateral sclerosis [67, 68]. Mycotoxins are
involved in various aspects of microbial infection and
related pathogenesis [69]. Thus, the professionals of
toxicology and medicine should be aware of health
problems caused by toxin laden nano-particulates.
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