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parasites in tissue cultures also offers advan-
tages over previously available procedures in
that all of the equipment required is readily
available in any laboratory. This relatively
simple method can be utilized by laboratories
which may have to suspend toxoplasma tests
temporarily since after one passage, orga-
nisms can be returned to the refrigerator for
an additional period of storage.

Summary. Toxoplasma gondii cultivated
in roller tube cultures of Hep-2 cells produce
large numbers of free, extracellular parasites
for the performance of dye tests. The suc-
cessful storage of toxoplasma in refrigerated
tissue culture preparations for up to 120 days
and in the frozen state for as long as 360
days is described.
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Pathogenicity of Specific Glycopeptide Antigen in Farmers Lung.*
(29901)
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We have previously described(1,2) the
clinical, physiological and pathological fea-
tures of Farmers Lung., Characteristically,
the typical clinical syndrome consists of
chills, fever, cough and shortness of breath
4 to 8 hours after exposure to moldy hay
or forage and subsequent development of a
diffuse granulomatous interstitial pneumoni-
tis. Recently Kobayashi(3) and Pepys(4)
have demonstrated that the serum of patients
with this disease reacts with antigens ex-
tracted from moldy hay to form specific pre-
cipitin lines in agar gel immunodiffusion.
This observation, however, does not prove a
causal relationship between exposure to moldy

* This inestigation was supported by a grant from
Nat. Inst. Health, US.P.H.S. OH 00044-04.

** Postdoctoral Fellow, Nat. Inst. Allergy & Infect.
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hay and subsequent development of pulmo-
nary disease.

To establish that such a cause and effect
relationship does exist, a provocative chal-
lenge test utilizing these antigens was em-
ployed in a group of patients with Farmers
Lung and a comparable control group. The
clinical response was observed, and pulmo-
nary function studies were performed on both
groups following this aerosol inhalation chal-
lenge.

Materials and methods. Antigens were ex-
tracted from a sample of moldy hay which
was known to have caused the typical clinical
syndrome in one of our patients in the fol-
lowing manner. After defatting with acetone,
the sample was extracted with 8% trichloro-
acetic acid (TCA). Precipitable fractions
were obtained by treating the TCA soluble
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FIG. 1. Immunodiffusion reaction in agar gel
stained with amido black. The center well contains
Farmers Lung antigen (AG) and the numbered
outer wells contain the sera of the six patients
whose data are included in the present study. 1 to
4 show precipitin reactions, 5 and 6 do not.

extract with graded concentrations of ethyl
alcohol. Those fractions which precipitated
at alcohol concentrations above 50% were
found to be the most active in demonstrating
precipitating antibody and, thus, were used
in the provocative challenge. These alcohol
precipitates were lyophilized, diluted in sterile
saline and Seitz filtered prior to aerosoliza-
tion.

Modified Ouchterlony immunodiffusion and
immunoelectrophoresis were used to demon-
strate serum precipitins. An example of the
reaction obtained with this method is shown
in Fig. 1.

Aerosol challenge was administered by
means of a standard DeVilbiss No. 40 nebu-
lizer charged with a saline solution of the
antigen extract. After trial, a single challenge
with 100 mg was used. In one patient, a
second challenge with 100 mg was given 8
hours after the first (see Table I).

Following challenge, temperature record-
ings were made every one to two hours for
at least 14 hours, or until it had returned to
normal. Total and differential white blood
counts were determined before and at 5 hours
following challenge in most subjects, and also
at 24 hours in the patient group.

Diffusing capacity for CO was measured
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using the single breath method modified after
Ogilvie, Forster ef al(6). Maximum inspira-
tory and expiratory flow rates were deter-
mined on a special servospirometer, and
arterial gas studies were performed according
to the techniques of Van Slyke and Neill.

Results. Six patients with Farmers Lung
and 10 control subjects were challenged with
this moldy hay antigen by aerosol inhalation.
The immunologic status of the patients re-
ceiving the antigen challenge, as judged by
double diffusion in agar gel, was as follows:
4 had definite precipitins; one was negative;
and one was either weakly positive or nega-
tive on different occasions (Fig. 1). None
of the 10 controls showed precipitin reac-
tions,

Clinical. With minor variations the ob-
served clinical symptoms were qualitatively
identical to those which the patient noted
during a naturally occurring episode of the
disease. In most cases this means chills, fever,
productive cough and shortness of breath.
The degree to which these symptoms ap-
peared was related to the individual sensi-
tivity to moldy hay. For example, Patient
No. 2, who reacts with high fever and malaise
after minimal exposure to moldy hay in the
barn, developed a fever of over 103°F during
the post-challenge period (Fig. 2). On the
other hand, as has been the case in his natur-
ally occurring episodes, Patient No. 3 showed
little febrile response but experienced more
cough and shortness of breath.

Temperature. The average temperature re-
sponse of the patient and control groups is
shown in Fig. 3. Patient temperature re-
sponses during the 14-hour post-challenge
period averaged 2.70° above the pre-chal-
lenge day temperature. That this antigen is
not completely innocuous in the non-sensi-
tized control subject is shown by the .91°F
temperature rise seen in this group during the
same 14-hour post-challenge period. The sig-
nificance of this and possible explanations
will be discussed later. ' '

White blood count. Changes in WBC are
noted in Fig. 4. Both experimental groups
showed a marked rise in total WBC which
was limited primarily to the granulocytic
series. This leucocytosis occurred in the con-
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trol subjects despite only minimal tempera- _— oL
ture rise and in the presence of only mild r mesLLEo

malaise. The total WBC in the patient group
was slightly higher at 5 hours than in the
controls, and of some interest was the almost
universal decrease in total lymphocytes in
the patients.

Diffusing capacity. Decrease in pulmonary
diffusing capacity for CO(Dy) is the major
physiologic alteration encountered (Fig. 2,
Patient 2). Five hours following aerosol in-
halation Dy, was 51% of the pre-challenge
level, rising to 66% at 8 hours, and approach-
ing the previous level by 24 hours. On the
other hand, in the controls the temperature
response was minimal, and no detectable
changes in Dy, were apparent.t op p< 0.0t

Although some variation is seen in the
patient group, the overall pattern is quite
consistent. Three of the four patients whose vs0m—
serum contained precipitins showed signifi- 2.70
cant decreases in diffusing capacity and/or
arterial oxygen saturation during the acute +2.0—
febrile episode approximately 5 hours follow- CONTROL
ing challenge. As a group, the 4 patients }'
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with demonstrable antibodies against Farm- r10—
ers Lung antigen showed a 24.4% drop in
Dy, 5 hours following challenge, falling from
23.8 cc/min/mmHg to 18.0 cc/min/mmHg.
By 24 hours the Dy, for these 4 patients had @

returned virtually to the pre-challenge level. WOC CHANGES FOLLOWING ANTIGEN CHALLENGE
Patients whose serum reacted weakly or wic
not at all showed essentially no change in ranans: e &

any of the parameters of lung function meas- comots e @

FIG. 2. Temperature response in degrees F of 16, 000~
one of the patients compared with that of a con-
trol subject. Patient response seen on stippled . 3
line; control response on solid line. Changes in ' g
single breath CO diffusing capacity represented by
vertical bars as a percentage of pre-challenge value. 12. 000
Patient response (F) is seen on striped bars and
control (C) on open bars.

FIG. 3. Temperature responses in degrees F are 10-000=
shown for the Farmers and the controls during the
14-hr period following aerosol inhalation of 100
mg of Farmers Lung antigen. Average response is
shown by the circles and the extremes in each
group by the ends of the bars. ¢, 000—

FIG. 4. An elevation in total WBC is seen in
both groups following antigen inhalation. Of pos-

N

sible significance immunologically is the decreased "=
total lymphocyte count noted in the subjects with
Farmers Lung. 2,000

t Individual values are shown in Table 1. The
patient numbers correspond to those used in the rrrALLENOE s voune I
immunodiffusion plate (Fig. 1). @
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ured. In this regard, these latter 2 patients
reacted in the same manner as 9 of the 10
control subjects. Control No. 9, in whom Dy,
decreased from 35.3 to 30.6, was the only
one of the 10 control subjects to show any
change in diffusing capacity. During this
same post-challenge period the arterial oxy-
gen saturation of the 4 serologically positive
patients fell from 92.3% to 88%. By 24
hours this change had also disappeared.

Flow rates. Two of the four patients with
precipitins showed significant changes in
either maximum inspiratory or expiratory
flow rates. Because these tests are dependent
upon maximal effort on the part of the sub-
jects, one must be cautious in interpreting
a fall in flow rate which occurs during a time
when the subject is acutely ill with fever and
malaise,

Discussion. The purpose of this study was
to demonstrate that antigens which are ex-
tracted from moldy hay and which are known
to produce precipitin reactions in agar gel
immunodiffusion are also capable of produc-
ing lung disease. Clinically and physiologi-
cally, the febrile episodes resulting from in-
halation of these antigens were qualitatively
identical to the naturally occurring episodes
of Farmers Lung. In those patients, the
severity of the response appeared possibly to
be related to the level of circulating antibody.
Neither Patients No. 5 nor 6 had been ex-
posed to moldy hay for several years, and
one might expect that their reactivity to one
mild exposure would not produce dramatic
changes, either clinical or physiological. In
each case the febrile response of these 2 sub-
jects was greater than the controls but less
than that seen in the first 4 patients, all of
whom had acute episodes of disease within
the past 2 years.

In its present state, the antigens used in
this study are not completely innocuous even
in presumably non-sensitized controls. The
mild temperature elevation and rise in WBC
indicates the presence of a contaminant
which produces some systemic reaction in all
subjects, It is tempting to attribute this re-
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action to the presence of contaminating endo-
toxin. No direct evidence for this is avail-
able, however.

Despite the above systemic febrile reaction
in controls, no detectable change in diffusion
was present 5 hours following challenge. This
contrasts with the drop in Dy, and arterial
oxygen saturation which occurred transiently
in the patient group. Small qualitative and
quantitative differences in total WBC and
lymphocyte response were also noted. These
physiologic and hematologic changes, coupled
with the reproduction of clinical symptoms
of Farmers Lung, appear to demonstrate an
etiologic relationship between the antigen em-
ployed and the production of Farmers Lung.

Summary. Six patients with Farmers Lung
and 10 controls were challenged with an anti-
gen extracted from moldy hay by aerosol in-
halation. Precipitin reactions in agar gel im-
munodiffusion were strongly positive in 4
patients, weakly reactive in one, and not
present in one. Clinical, hematologic and
physiologic data are presented on the 6
patients challenged in an identical manner
and on the 10 control subjects. Responses to
this challenge in the patient group were quali-
tatively identical to the reaction each patient
experienced when exposed to moldy hay in
the barn or silo. These moldy hay antigens
are, thus, concluded to be the etiologic agents
responsible for the disease, Farmers Lung.

1. Dickie, H. A., Rankin, J., J. Am. Med. Assn.,
1958, v167, 1069.

2. Rankin, J.,, Jaeschke, W. H., Callies, Q. C.,
Dickie, H. A., Ann. Int. Med., 1962, v57, 606.

3. Kobayashi, M., Stahmann, M. A., Rankin, J.,
Dickie, H. A, Proc. Soc. Exp. Biol. and Med,,
1963, v113, 472.

4. Pepys, J., Jenkens, P. A, Festenstein, G. N,
Gregory, P. H., Lacy, B., Skinner, F. A, Lancet,
1963, v2, 607.

5. Ouchterlony, O., Acta Path. Microbiol. Scand.,
1953, v32, 231.

6. Ogilvie, C. M., Forster, R. E. Blakemore,
W. S, Morton, J. W,, J. Clin. Invest., 1957, v36, 1.

Received September 8, 1964. P.S.EB.M., 1965, v118.



