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Introduction

The relationship between cat exposure and allergic disease is complex. Having specific IgE 

Ab to cat has consistently been reported as a risk factor for wheezing.1-3 As a result, 

decreased exposure to cat allergens is recommended for cat allergic patients in treatment 

guidelines although there is very little controlled evidence that avoidance measures, 

including removing the cat are effective.4-6 The levels of cat allergen inhaled per day in a 

house with a cat are striking and have been estimated to be as high as 2 μg Fel d 1/day.7,8 

This quantity is not much less than that used for sublingual desensitization, and is much 

higher than daily exposure calculated for pollen or dust mite allergens.8,9 Thus it is plausible 

that some of the skin test positive patients living in a house with a cat are “desensitized” as if 

they were on active immunotherapy.

Paradoxically despite the high levels of allergen exposure in the home, living with a cat is 

not consistently associated with an increased prevalence of sensitization to cat.10 Indeed in 

some studies, children raised in a house with a cat, or a dog, have been found to have a 

significantly lower prevalence of IgE to cat, or dog, allergens respectively.11-17 In addition to 

this, many of the non-sensitized children living in a house with a cat have been shown to 

have IgG and IgG4 Ab specific for Fel d 1.12,18 In contrast in a recent study of adults, 

acquisition of a cat was a risk factor for new onset cat sensitization.19 It has also been 

repeatedly observed that some college students experience either new, or increased 

symptoms after returning from college to a home with a cat that previously was not a 

problem. The changes in IgG and IgE Ab responses to cat allergen that can result from 

avoidance of cat allergen have not been previously studied.
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The present study was designed to answer the question of how levels of serum IgG and IgE 

antibodies to cat allergens changed with the natural model of cat avoidance that occurs when 

students who had a cat in their family home moved to a residential college where pets were 

not allowed. In particular, we wanted to know whether there were contrasting changes in 

different groups of students which could help to explain why the results of allergen 

avoidance studies have been difficult to interpret.

Methods

During the fall of three consecutive years, 97 students attending college were recruited for a 

prospective cohort study after they responded to an internet advertisement. Participants were 

recruited based on cat ownership immediately prior to enrollment at the university in order 

to enrich the group for subjects who tolerated living in a house with a cat. The study was 

approved by the human investigation committee at the University of Virginia, and all 

participants provided written, informed consent.

At enrollment, participants completed an International Study of Asthma and Allergies in 

Childhood (ISAAC)-based questionnaire to assess symptoms of allergic disease. Additional 

questions about previous pet exposure were included. Skin prick allergy testing was 

performed with commercial cat extract at standardized allergen concentration (10,000 

BAU/ml) and positive and negative controls (Greer, Lenoir, N.C.). Blood was collected for 

serum measurement of specific IgE Ab to Dermatophagoides pteronyssinus, cat, dog, 

cockroach, Aspergillus fumigatus, Alternaria alternata, oak, ryegrass, and ragweed (Phadia/

Thermo Fisher Scientific, Uppsala, Sweden). Specific IgE Ab to Fel d 1 was measured using 

streptavidin CAPS and biotinylated Fel d 1.20 Serum IgG Ab to Fel d 1 was measured using 

radioimmunoprecipitation.12 In the sera with detectable IgG Ab to Fel d 1, Ab of the IgG4 

isotype were measured using a mouse monoclonal Ab to human IgG4 followed by a goat 

anti-mouse IgG which had been absorbed over a human IgG sepharose column to remove 

cross reacting Ab.12

The primary study period for each student was one academic year. Visit one took place at the 

beginning of the academic year and the second visit was scheduled after students had 

experienced eight months of decreased exposure to cat allergen. All students were invited to 

follow up after the second year, but this was not an essential part of the study. At each visit, 

IgE and IgG Ab to cat were measured.

Cat allergen exposure was measured in a range of student dormitories (n=22). Local homes 

with (n=14) and without (n=12) cats were measured for comparison.21 Air samples were 

obtained using an ion charging device.8,21,22 Fluorescent multiplex array technology was 

used to measure cat allergen, Fel d 1 (Indoor Biotechnologies, Charlottesville, VA).23

Students were classified into three different immune groups based on their skin test and Ab 

responses to cat: sensitized, non-sensitized with IgG, and non-responders. Those having a 

positive skin test (wheal ≥3mm larger than the negative control) and/or specific IgE to cat 

≥0.35 IU/ml were considered sensitized. The second group included students with cat 

specific IgG Ab without cat specific IgE or a positive skin test. Students with a negative skin 
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test to cat and no significant specific IgE or IgG Ab response to cat were labeled as non-

responders. Group characteristics at enrollment were compared using chi square. The 

primary outcome measure was the change in antibody titers over time. Measurements of IgE 

and IgG Ab were log transformed, and geometric mean titers (GMT) were compared 

longitudinally by paired t test. Airborne allergen measurements were log transformed for 

analysis. Geometric means (GM) were compared using independent t-test. Statistical tests 

were performed using SPSS 19 (IBM Corporation, Somers, New York).

Results

Group characteristics based on different immune responses to cat

Among 97 students who had lived with a cat prior to college, having IgG without evidence 

of sensitization was the most frequently observed immune response to cat, n=32 (32.9%). 

Sensitization to cat was found in 24 students (24.7%) and 41 (42.2%) were labeled non-

responders (Table 1). All sensitized students were skin prick test positive to cat except for 

one participant who was taking antihistamines. She had a negative skin prick test and a 

suppressed histamine response. Having specific IgE to other allergens was more frequent 

among students with sensitization to cat, and total IgE was significantly higher among cat 

sensitized students. However, nearly one third of the students showing IgG without IgE to 

cat, had evidence of sensitization to other allergens (Fig 1). None of the students who had 

IgG but were not sensitized to cat had wheezing (Table 1).

Changes in antibody titers to Fel d 1 in non-sensitized subjects

Non-sensitized subjects with IgG to Fel d 1 experienced a significant decline in IgG titers 

with decreased exposure to cat allergen. With decreased exposure to cats during the eight 

month study period, IgG Ab titers fell from GMT 1870 Units, 95% CI (1140-3050) to 1150 

Units, 95% CI (955-2340) (p=0.002) (Fig 2A). For those students (n=21) who were followed 

for a second year, levels of IgG antibody to Fel d 1 had fallen further [GMT 790 Units, 95% 

CI (617-1550)] (Table 2). Among these non-sensitized subjects, IgG4 also decreased 

(p<0.001) during eight months of decreased cat exposure (Fig 2B). Of note, none of the 

individuals having IgG to Fel d 1 without sensitization to cat developed a positive serum IgE 

Ab assay or positive skin prick test to cat over one year (27 subjects) or two years (21 

subjects).

Antibody changes in cat sensitized subjects

Specific IgE titers to cat did not decrease significantly during prolonged, decreased exposure 

to cat allergen (Fig 3A). By contrast similar to the non-sensitized subjects, IgG Ab to Fel d 1 

decreased significantly during the eight month study period from GMT 2820 Units, 95% CI 

(2160-6930) to 1530 Units, 95% CI (1120-3800) (p<0.001) (Fig 3B). In sensitized students 

who returned for follow up during the second year, GMT 1320 Units, 95% CI (890-3020) 

was measured (Table 2).

We also analyzed changes in the ratio of IgG to IgE Ab (Fig 4) during the study. In keeping 

with the changes in IgG shown previously, there was a highly significant decrease in the 

ratio of IgG to IgE Ab. In fact, ratios decreased in all but three subjects over the first eight 
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months of decreased exposure (p=0.007), and in a few individuals, the decreases were quite 

dramatic. We show results for three cases that illustrate a large change in ratios and a parallel 

fall in IgG4 (eFig 1).

Exposure to cat allergen

In our cohort, all students lived without a cat during the first year of the study. Specifically, 

90 students (92.8%) lived in a dormitory and the remainder lived in student apartments (see 

Table 1). In representative student dormitories without cats, low levels of the cat allergen Fel 

d 1 were measurable in airborne samples (Fig 5). We found that dormitory exposure levels 

(GM 6 ng/24 hrs) were 100 times lower than levels found in Charlottesville homes with a cat 

(GM 700 ng/24 hrs) and ∼5 times lower than levels found in homes without a cat (GM 30 

ng/24 hrs).

Discussion

After moving to a university residential hall, individuals who come from a home with a cat 

experience a major decrease in exposure to cat allergens. Using this natural model of 

avoidance of cat allergens we have monitored IgG and IgE Ab levels over time. While 

individual variation was observed and cat exposure undoubtedly varied, overall IgG Ab titers 

to Fel d 1 fell significantly during the first 8 months of avoidance, while IgE Ab did not 

decrease. Among sensitized students we saw a major decrease in the ratio of IgG to IgE Ab. 

There were 56 students who had IgG Ab to Fel d 1 alone or had no measurable response to 

cat, who were followed for at least two years at college. All these students were initially skin 

prick test negative to cat and none of them developed positive skin prick tests to cat allergen 

or serum IgE Ab to either cat allergen or Fel d 1.

Within this study, there were three groups of students who did not report symptoms related 

to cats. There were two groups of skin test negative subjects, those with and without IgG Ab 

to Fel d 1. There were also skin test positive individuals, who prior to coming to university, 

lived in a house with a cat and did not appear to have allergic symptoms or asthma related to 

the cat. Clearly, similar skin test positive but non-symptomatic individuals are seen in 

relation to many allergens. However, very few other allergens involve levels of allergen 

exposure comparable to living in a house with a cat. This phenomenon of having positive 

skin prick tests to pet dander without symptoms of allergic disease has recently been 

reported in children who live in homes with a dog as well.3

While the mechanisms of the observed changes in the immune response to cat are not clear, 

these changes are not consistent with some proposed models of tolerance. Increased 

exposure to the microbial cell wall component, endotoxin, is one of the theories proposed to 

explain the effect of pet ownership on allergic responses.16 From a simplistic standpoint, 

endotoxin exposure could protect against allergic sensitization by deviating the immune 

response from a Th2-type predominated by production of the cytokine IL-4 and IL-13 to a 

Th1-type with increased production of IFN-γ.24 This type of immune deviation has been 

reported in farming communities where high levels of endotoxin and/or bacterial exposure 

have been associated with a decreased risk of atopy and asthma.25,26 If tolerance to cat 

resulted from a shift to Th1 immunity, induced by endotoxin on cat dander particles, we 
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would not expect IgG4 Ab as part of the response. Other investigators have also found the 

effect of endotoxin to be distinct from that of pets.27 Furthermore increased levels of 

airborne endotoxin have not been found in homes with cats.21,28

The fact that IgG Ab levels fell during the time these students were in college is in keeping 

with some recently proposed models of the control of IgE Ab production. In 2004, Aalberse 

and Platts-Mills proposed that low levels of ubiquitous cat allergen exposure could sustain 

IgE production by long lived plasma cells in the bone marrow.29,30 In contrast, IgG 

production would decrease with the lower levels of antigen stimulation and increase upon re-

exposure consistent with the priming of B cells in germinal centers and the production of 

IgG and IgG4 by plasma cells in local lymph nodes.29 Although studies on “blocking” or 

IgG Ab date back more than 70 years, there is still confusing evidence about whether IgG 

Ab are directly protective. The problem is that IgG Ab may simply reflect high exposure 

either natural or from immunotherapy, and that there may be parallel changes occurring in 

other aspects of the immune or inflammatory responses to allergen exposure. This raises the 

question of whether the lack of symptoms among a significant proportion of the cat 

sensitized individuals living in a house with a cat represents another form of tolerance. Some 

bee keepers develop clinical tolerance during the season when they usually receive multiple 

stings.31 Good evidence has been presented that this involves increased IL-10 production by 

T cells and an increase in IgG and/or IgG4 Ab relative to IgE Ab.31,32 That response is 

known to be transient returning close to initial levels within months of the end of the bee 

keeping season. Thus, we would propose that subjects living with a cat are at least partially 

desensitized by the high levels of natural exposure. While the present study does not address 

symptoms, there is evidence from other forms of inhalant allergy that subjects with high 

levels of IgG and IgG4 Ab report fewer symptoms.33,34 Also in keeping with this model, we 

have reported high levels of IL-10 production by T cells of subjects with a “modified Th2” 

response.35

On a larger scale when considering allergic diseases in general, these results emphasize that 

recommendations for allergen avoidance are not straightforward. Our understanding of 

individual responses to cat avoidance has already been complicated by studies showing 

decreased sensitization to cats, and in some studies decreased asthma, among children living 

with a cat at home.11,12,15,16 Previously, the simplest view was that avoidance should be 

recommended only for patients who were skin test positive to cat. However, since many of 

these students are allergic to more than one allergen it may not be correct to simply to 

assume that symptoms among skin test positive individuals living in a house with a cat are 

due to cat exposure. Now, it seems possible that some of those subjects with IgE Ab who 

have a major decrease in IgG Ab could develop increased symptoms on re-exposure after 

giving up their pets. Similar observations have been made in regards to food allergy.36 

Specifically, investigators who studied cow's milk allergy among children with eczema, 

reported that many who had previously tolerated milk without acute reactions experienced 

immediate symptoms with accidental exposure after prolonged avoidance (median 2.3 

years).36

There are several limitations to our study. First, based on our own measurements in college 

dormitories and on other reports of measurable cat allergen in public places, we know that 
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this is not a study of complete cat allergen avoidance. We believe the results of the study are 

important because they represent the reality facing our patients. Even those who choose to 

remove a cat from their home cannot expect to avoid exposure in the community.37-39 In all 

previous studies of allergen avoidance the patients have been free to visit other homes or 

public places where allergen exposure can also occur. Primarily the present study was 

designed to follow antibody responses to cat during a period of decreased exposure. We 

designed this study to follow immune responses in order to obtain information about which 

immunological group would have changes that could result in new or increased symptoms 

with avoidance. There were no consistent reports of change in symptoms on returning home. 

However, it was clear that these responses were confounded by several factors i) the students 

were going to many different houses and vacation sites, most of which were too far from 

Charlottesville to be studied; ii) it is well established that there can be wide variation in cat 

allergen measurements in homes with or without a cat; and iii) many of the students were 

sensitized to more than one allergen (96% of the cat sensitized group) so that it was difficult 

to interpret whether their symptoms were related to cat exposure. For these reasons, we 

believe it would be difficult to adequately evaluate any change in symptoms upon return to 

home environments. Based on our present results, we estimate that answering questions 

about changes in symptoms would require following at least 100 skin test positive 

individuals for one year in college.

In conclusion, a major question in our original plan was whether some of the students with 

IgG and IgG4 Ab, but without any evidence of sensitization, would develop IgE Ab or 

positive skin prick tests specific for cat during their first year in college. We did not observe 

any cases where skin tests became positive. By contrast, there were consistent decreases in 

IgG Ab; and among the skin test positive individuals, there were major changes in the ratio 

of IgG to IgE. Thus, increases in symptoms upon returning home could be due to the 

changes in antibody levels observed in skin test positive subjects. While a lack of symptoms 

is frequently observed in individuals with positive skin tests to other allergens, the 

interesting thing about the individuals with IgE Ab to cat is that they tolerate living with 

high levels of airborne exposure. The results suggest that decisions about avoidance advice 

in relation to cats, and probably other domestic animals, should not make simple 

assumptions about the effects of decreased exposure. Furthermore, it seems that future 

studies of avoidance would be most useful if they considered skin test positive subjects with 

and without symptoms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
The prevalence of having specific IgE to other inhalant allergens in students who are cat 

sensitized (black bar), IgG positive to Fel d 1 but non-sensitized to cat (white bar), and non-

responders to cat allergen (gray bar).
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Fig 2. 
Titers of IgG (A) and IgG4 (B) to Fel d 1 among students who were non-sensitized to cat at 

the beginning of the academic year (0 months) and after eight months of decreased exposure 

to cat. Some students returned after a second year (20 months).
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Fig 3. 
Levels of cat specific IgE (A) at the beginning of the academic year (0 months) and after 

eight months of decreased exposure to cat. Some students returned after a second year (20 

months). Students with wheezing are shown in red. Titers of IgG to Fel d 1 (B) in cat 

sensitized students.
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Fig 4. 
Ratios of cat specific IgG to IgE Ab were calculated at the beginning of the study and after 

eight months of marked, decreased exposure to cat allergen.
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Fig 5. 
Airborne Fel d 1 was measured by using an ion charging device in three different 

environments. Horizontal lines depict geometric mean levels. Allergen collected over 24 

hours is shown. Using a flow rate of 1.3 m3/min and collection efficiency of 45%, the 

estimated sampling rate to calculate airborne concentration is 0.6 m3/min.8
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