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Certain Immunological Responses of Wild Rodents and Laboratory 
Animals following Challenge with Pasteurella tularensis 

I. INTRODUCTION 

Pasteurella tularensis has long been known to be a disease agent of 

animals which can be transmitted to domestic animals and humans by contact 

with infected animals or by ectoparasite vectors. The incidence and dis-

tribution of Past. tularensis in wildlife ha~been a subject of many 

extensive surveys in various parts of the world. making these surveys 

the primary methods of detecting past or present infection has been by the 

use of the tube agglutination test or by isolation of the Past. tularensis 

from infected host animals. The Ascoli type of test and the tularemia 

skin test have had very limited application. There have been no published 

experimental data to date related to the serological and hypersensitivity 

responses of wild rodents experimentally infected in the laboratory with 

~. tularensis .. 

Diagnosis of tularemia in humans is readily accomplished by the tube 

agglutination test of Francis and Evans (1926), and by the tularemia skin 

test of Foshay (1932). The specificity of these tests has been studied in 

detail by many workers (Ransmeier, 1941, and Beennan and Ingraham, 1950). 

There have been no published data of experimental studies designed to study 

the nature of the hypersensitive state that is present following infection 

with ~. tularensis. 

Preliminary studies in this laboratory suggested that wild rodents and 

guinea pigs may develop a hypersensitive state following a sublethal in-

fection with Past. tularensis, which could be detected by a skin reaction. 

It was also found that rodents having recovered from a. challenge with ~. 
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t ularensis produced an antibody titer that would fix. complement in the 

presence of a soluble polysaccharide extracted from Past. tularensiso 

Because there has been no previous study of the sero~ogical and 

hypersensitivity responses of wild rodents experimentally challenged with 

past. tularensis, these problems were considered to be of enough import­

ance to attempt a detailed study. This investigation was intended to 

deter.mine the agglutinin, complement fixing antibody, and cutaneous hyper­

sensitivity response of rodents following survival of challenge with 

~. tularensiso The characterization of the hypersensitive state fol­

lowing infection with ~. tularensis wa.s studied in guinea pigs. A 

preliminary study of the inflwmnatory response following tularemia skin 

testing with ~. tularensis challenged rodents was also undertakene 
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II4> LITERATURE REVIEW 

The etiological agent of tularemia, Pasteurella tularensis, Breed 

et aI, (1957), was first cultured froIn the carcass of a ground squirrel 

(Citellu5 beecheyi), by McCoy (1911, 1912) during an epizootic in Tulare 

County, California. Since tilis original isolation of Past. tularensis, 

it has been demonstrated to be enzootic and epizootic in a wide range of 

mam:m.alian fauna throughout the Northern Hemisphere. Burrows et aI, (1945) 

have reviewed the reports of the isolation of ~. tularensis from a 

large number of wild animals including many species of rodents. 

Since the review by Burrows et al, (1945) there have been numerous 

articles published concerning the enzootic and epizootic occurrence of 

tularemia in wildlife populations. These publications have been reviewed 

by Marchette et al, (1961). The occurrence of tularemia infections in 

humans has been reviewed by Francis (1942.), and Fields (1949). 

A. Immunological Responses of Animals and Humans Resulting from Pasteurella. 

tularensis infection. 

The diagnosis of na£urally occurring tularemia in humans is usually 

made by a comblllation of clinical, epidemiologic, and serologic evidence. 

Past. tularensis is rarely recovered unless selective Iuedia and/or animal 

inOCUlations are routinely employed in suspected cases. 

Specific diagnosis has centered arotind the agglutination reaction be­

cause of ready availability of the antigen and simplicity of performance of 

the test, although numerous other tests have been developed and have been 

used with varying degrees of reliability_ 

Friedewald and Hunt (1939) and Foshay (1948) have stated that the obser­

vation of an increa.se in the ~. tularensis agglutinating antibody titer of 

a patientQs serum is the most reliable diagnostic test available for tularemia. 
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The observation of a single positive agglutination reaction does not indi-

cate a present infection, but it is a test for a previous in-

fection. The agglutination reaction as presently in use was originally 

described by Francis and Evans (1926). 

Like the skin test, the value and reliability of the agglutination 

reaction is significant in survey tJ~e work where the elapsed time between 

recovery and testing may be years. In humans, Ransmeier (1941} has shown 

that a positive tularemia titer may persist for the life of the individual. 

Coriell et 0.1, (1948) found the antibody response of the monkey to be 

similar to that of man, but no persistence studies were carried out beyond 

32 days, at which time a maximum titer was still maintained.. In a study on 

the persistence of the agglutination titers of sheep, Jellison and Kohls 

(1950) found that titers could be used to detect epizootics 57- months after 

they had occurred. 

In immunization stUdies on the v{hite mouse and white rat, Downs et al, 

(1947), and Downs and Buchele (1949), fOillld that the agglutinb.tion titer of 

the immunized white mouse and white rat would decline from :640 to 1:20 in 

two months following injection of the imm.unizing material. The persistence 

of a.gglutinating titers in animals having been exposed to living virulent 

organisms has not been studied over prolonged periods. ~o tularensis 

agglutinin titers in guinea pigs, white rats, white mice, albino rabbits, and 

chickens repeatedly challenged with four Past. tularensis strains during a 

five week period ranged from 1:20 to 1:20,480 (DoWYls and Moody, 1955}o The 

level of antibody appeared to be related to the strallls of organisms used and 

the species of animals challenged. 

The major disadvantage of the agglutination titer dete:r'rnination is the 

cross-reaction with Brucella abortus and Brucella meletensis as described 
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by Francis and Evans (19Z6)., Ransrneier (1941), Lavergne et al, (1951), and 

Girard a.nd Cheva.lier (1951) have reported that in most instances cross'­

agglutination will only occur if the anti-Pasto tularensis titer is about 

1:.320 or above. A cross-reaction of tularemia serum with Proteus vulgarus 

OX19 was reported by Friedewald and Hunt (19.39). 

The slide agglutination test of Hull (1929) is of value in the rapid 

identification of Past 0 tularensis cultures It Conversely, known organisms 

ma.y be employed for diagnostic purposes to identify serum agglutinins" 

In using this test ,for a rapid serological identification of sera containing 

~ .. tularensis antibodies, Hull (1929) and Muraviev et aI, (194.3) found it 

to be sensitive to a titer as low as 1:15. Muraviev et aI, (194.3) recommend­

ed the use of this test as a general survey technique .. 

A recent development in serological diagnosis that may prove of value 

in ,the diagnosis of tularemia is the application of the hemagglutination re­

action of Keogh (1948). He demonstrated that erythrocytes with adsorbed 

ba.cterial polysaccharide can be agglutinated by specific bacterial antibodies. 

A sero-diagnostic application of the hemagglutination reaction to detect 

~o tularensis antibodies was utilized by Alexander et al, (1950), and fur­

ther studied by Charkes (1959). 

A lipopolysaccharide prepared from ~o tularensis proved satisfactory 

for use in the hemagglutination tests when adsorbed onto tannic acid-treated 

erythrocytes (Landy, 1954). 

Larson (1947) obtained a ther.mostable antigen from carcasses of dead 

rabbits that could be used in a modified Ascoli type of test for tularemia. 

This type of t est has been demonstrated by Larson (1951) to be valuable in 

the detection of a tularemia epizootic where only dead animals can be found. 
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The possible value of using a skin test as a diagnostic aid was men­

tioned by Wherry (1914) when studying tularemia conjunctivitis in a patiento 

Little notice was made of the comment until Foshay (1932" 1934) reported 

success in the practical application of a tularemia skin test in diagnos­

ing human tularemiao Foshay found that heat killed and formalin killed 

antigens would elicit severe reactions in tularemia patientso However, by 

treating the formalin killed cells with nitrous acid or sodium ricinoleate, 

an antigen producing a less severe, but yet diagnostic reaction in tular­

emia patients was obtained 0 Volfertz (1934) developed a similar test for 

the early diagnosis of tularemiao A heat killed antigen was administered 

by making two superficial incisions in the skin and rubbing in a drop of 

the antigen, Lavergne et ale (1950) found that filtrates of five-day 

old broth cultures" emulsions of killed bacteria, and a dilution of endo­

toxin from Past, tularensis provoked a clear positive reaction in all patients 

with a positive tularemia titero Drobinsky (1943) and Muraviev et alo (1943) 

in studying the reliability of the skin test found it to be positive in 

94 0 7 to 98 per cent of proven tularemia cases o 

Foshay (1934" 1948) and Drobinsky (1943) demonstrated that although 

Pasts tularenSis" Br, abortus and Br, melitensis share a cOlJlllon anti-

genic structure they will not cross-react \1ith respect to the intradermal 

teste However, the matter of cross-reaction between these organis~ in the 

skin test is still questionable (Lavergne, 1950)0 Doepfmer (1952) reported 

positive skin test reactions in patients with ~ latent' and fungi re­

sponsible for the deep mycoses o A cross-reaction with the Ducrey bacilli 

was reported by Beerman (1950)0 Only in rare cases have positive reactions 

been observed in the normal persona These reactions reported in normals 

and as cross-reactions may be questioned because of lack of complete case 

histories of past illnesses of the individuals in question, 
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Foshay (1934) and Doepfmer (1952) found that the skin sensitivity fol­

lowing recovery of the patient from ~o tularensis infection would per­

sist for as long as two to four years, and possibly longer. Hoshish~a 

(1955) and Hoshishima et al$ (1955) reported successful application of the 

tularemia skin test on a survey basis in the general population of Japano 

Positive reactions were found in 16 of the 2~840 individuals tested. 

The typical skin test reaction in humans has been well described. The 

reaction may vary, depending on the sensitivity of the patient and the type 

of antigen employed. Using a chemically treated type of antigen, Foshay 

(1932, 1934), Doepfmer (1952), and Lavergne (1950) observed a maximum re­

action in 36 to 48 hours, consisting of erythema and soft edema measuring 

from one to six centimenters in diameter. Occasionally a papular response 

was observed.' The 'reaction was found to subside in 5 days. Using the un­

treated,heat killed antigen, Volfertz (1934) observed a similar but more 

severe type of reaction accompanied by itching and formation of a brownish 

pigmentation that persisted for as long as 20 days after the reaction had 

subsidedo 

Considering the possible formation of agglutinins following a skin test,' 

Friedewald and Hunt (1939), studied 12 tuberculosis patients with negative 

tularemia and brucellosis antibody titers. Intr~dermal inOCUlation of 0.05 

tn1 of detoxified antigen adjusted to 50 ppm koalin turbidity was used. Two 

weeks later an agglutinin titer of 1:20 to 1~40 was observed in all patients. 

Two of the patients developed a mild positive reaction when given repeated 

intradermal tests.. Friedewald and Hunt (1939) considered that confusion of 

this agglutinin response with the. agglutinin response following tularemia 

to be most unlikely .. 
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~ second type of skin test using specific antisera tQ aid in the early 

diagnosis of tularemia was developed by Foshay (19.35, 1936l. Friedewald 

and Hunt (1939), and Lawless (1941) found this procedure of limited value 

because of the inconsistency ot the reaction. 

There is little literature available concerning tqe application of 

the tularemia skin test to an:iJnals. Tumanskii ,and Kolensnikova (1939) have 

reported the use of a cutaneous allergic reaction in the diagnosis of tu­

laremia in rodents" In studying the skin reaction in rabbits produced by 

intradermal inoculation of suspensions of killed ~o tularensis, Larson 

(1946); found that both normal and immunized rabbits produced erythema ~d 

edema following the inoculation of fqrmalized suspensions of cells. By 

ether eJ:draction or boiling the antigen for 30 minutes the reaction in.nor­

mal rabbits was wholly or partially reduced. Immunized rabbits showed a'. 

lesser degree of skin reactivity sugges-e·i.ng that they are capable of partial­

ly neutralizing a'skin to~c factor. Lavergne (1950) found the ~o 

tularensis immunized rabbit to be sensitive to an intrader.mal inoculation of 

a suspension of Past. tularensis cells grown for 6 weeks at 37 C, and heat 

killed at 100 C. The reaction produced was sllnilar to that reported by 

Larson, but there was no mention of using any control animo.ls. Kalitina 

(1958) has utilized the tularemia skin test in guinea pigs as an indication 

of the degree of ~nunity in tularemia 0 

B. The Nature of Cutaneous Hypersensitivity 

Tularemia is amor~ the group of chronic and granulomatous infectious 

diseases which include others such a.s tuberculosis, brucellosis, typhoid 

fever, glanders, vaccinia, mumps and lymphogranuloma venereum, in which de­

layedtypes of hypersensitivity playa predominant role in the host's re­

sponses to infection (Lawrence, 1956). 
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The technique of cellular transfer of delayed-type sensitivity from 

sensitized guinea pigs to normal guinea pigs was first accomplished by 

Bail (1910). In reviewing the literature, Kirchheimer (1947) found that 

only variable results could be obtained using the technique of Bail (1910). 

However, the efforts of Landsteiner and Chase (1942), and Chase (1945) 

demonstrated that leukocytes isolated from peritoneal exudates, spleen, 

lymph nodes, and whole blood of sensitized animals could be utilized to 

transfer specific Gutaneous sensitivity to normal guinea pigs. 

The fundarnentq.l work of Chase lias been confirmed.by Stavitsky (1948), 

and Metaxas and Metaxas-Buehler (1955). Kirchheimer et al, (1949) expanded 

this cellular transfer technique to demonstrate systemic as well as cutan­

eous sensitivi~y in recipient guinea pigs. 1he transfer of tuberculin sen­

sitivity wit,h almost pure suspensions of lymphocytes has been accomplished 

by Wesslen (1952). The possible role of granulocytes was shown to be un­

likely by thewark of Kirchheimer et,al, (1951) when they were unable .to 

tran~fE3r tuberculin sensitivity with these cells. Additional work of Chase 

(1953, 1955) has suggested that the capacity to transfer delayed-type sensi­

tivity resided in the lymphocytes and monocytes. 

Although by far the greatest volume of stUdies utilizing. the t~chnique 

of Chase (1945)~has been in the study of tuberculin sensitivity, recent re­

ports show the technique can be. used to study other delayed sensitivities. 

Metaxas-Buehler (1951), and Carrers and Quatrifagee (1952) have transferred 

sensitivity from brucella sensitive guinea pigs to normal guinea pigs. 

Salvin (1957) has adapted the cellular transfer technique to' demonstrate the 

occurrence of an early phase of delay~d-type of hypersensitivity prior to 

the development of the Arthus phenomeno~ in guinea pigs being sensitized with 

minute quantities of purified protein. 
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Lawrence (1949) has utilized the technique to transfer tuberculin 

sensitivity from man to man. :Modeling his experiment after previous w'ork 

in humans, :ba.wrence (1954) was able to demonstrate that sen:sitivity to 

streptokinase-streptodoinase and to streptococcal M-substanl::e could be trans­

ferred from human to human by leukocytes collected from the peripheral blood. 

This work has been confirmed by Good and Varco (1955). 

Attempts to transfer the delayed-type of hypersensitivity from one 

species to another has recently met with success. Schlange (1955) was able 

'to transfer tuberculin sensitivity from children to guinea pigs with leuko­

cytes, thus making it possible to detect tuberculin sensitive children 

without exposing them to tuberculin. Nor.mal guinea pigs were sensitized to 

Mycobacteria lepraemurium by the injection of leukocytes collected from in­

fected white rats (Wallace, 1957). 

The necessity for viable cells in the transfer of delayed-type of sensi­

tivity in the guinea pig and rabbit has been well established by Chase (1945). 

The possibility of transfer of delayed-type of sensitivity to tuberculin by 

sonically ruptured leukocytes has been suggested by Jeter (1954, 1957) and 

by Curnmings et al, (1956). These results are strikingly different from the 

results 'obtained in man. The ease with which delayed-type of tuberculin and 

streptococcal sensitivity can be transferred ill man by disrupted leukocytes 

has been well established by Lawrence (1955). Lawrence (1956) has also dem­

onstrated this with regard to sensitivity to diphtheria toxc)id. By utilizing 

sediments and extracts of disrupted leukocytes prepared by freezing and 

tha1,<V'ing, or ·by mechanical disruption, Friedman et al, (1957) have confirmed 

the observations of Lawrence (1955, 1956). 

Passively sensitized guinea pigs have been shown to retain sensitivity 

for only 3 to 5 days (Chase, 1945, and Metaxas and Metaxas-Buehler, 1955). 

In man, recipients of leukocytes from sensitized individuals have remained 
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reactive for up to 6 months to 2 years f~llowing receipt of the sensitized 

cells (Lawrence, 1955)e Chase (1958) has suggested that this apparent differ­

ence may not be as great as it first appeared. He has found that the per­

sistence of sensitivity in the recipient animal may be greatly dependent on 

the number of cells transferred. Guinea pigs given cells of up to 10 times 

that required to sensitize the animal will greatly lengthen the persistence 

of the sensitivity in the reCipient. 
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The deer mice (Peromyscus maniculatus), grasshopper mice (OnychaQYs) 

leucogaster), desert wood rats (Neotoma lepida), and bushy-tailed wood rats 

(Neotoma cinerea), used in this study were reared in the Ecological Research 

Faunal Colony, Dugway, Utah 0 At the beginning of the exper.imental studies 

these rodents were all sexually mature sub-adults. The Ord kangaroo rats 

(Dipodo~ys ~) were field trapped and were mature adults of unknown ages. 

Adult white mice, CFW strain; guinea pigs, Hartley strain; and albino 

rabbits, were obtained from the Department of Bacteriology, Urliversity of 

Utaho No attempts were made to segregate the experimental animals on the 

basis of sexo 

Bo Cultures 

The Pasteurella tularensis strains used in this study were maintained on 

glucose cysteine blood agar (GeBA) slants and the Brucella species were main­

tained on Bacto-Tryptose Agarl slants. Fresh transfers of stock cultures 

were incubated for 24 to 48 hours at 37 C and stored at 4 Co Each stock cul­

ture was transferred monthly. 

Pasteurella tularensis, Jap+ strain, is a laboratory variant of a strain 

originally isolated from a human l~nph node in Japan in 1926. It has been 

characterized as being only moderately virulent for white mice (Downs and 

Moody, 1955)0 This strain has also been shown to be of high virulence for 

grasshopper mice, of low virulence for kangaroo rats arld deer mice, and a­

virulent for wood rats (Marchetteet al, 1961)0 

Difco Laboratories, Inc., Detroit, ~uchigan. 
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Pasteurella tularensis, strain 38~ was originally isolated by Francis 

in 1920 from a human lymph node, and subsequently became totally avirulent 

for all laboratory animals (Hesselba.ch and Foshay, 1945). 

Pasteurella tularensis, strain 425 F4G, was origulally isolated from 

an engorged female tick, Dermacentor ~ndersoni.lt has been found to be 

virulent for white mice, moderately virulent for guinea pigs and avirulent 

for rabbits (Bell et al, 1955). 

Pastieurella tularensis, strains NIIEG variant Blue and NIIID variant 

Gray, were both of attenuated virulence for humans and laboratory animals 

(Kalitina, 1958). 

Brucella ~ strain DPG-2 was isolated from a jack rabbit, Lepus 

californicus, carcass, collected in Tooele County, Utah :in 1955 (Stoermer 

et al, 1959). 1his organism was characterized by Stoenner et al, (1959) as 

beillg highly virulent for guinea pigs. 

Brucella neotomae strain 60-152 was isolated fram the tissue of a des­

ert wood rat by Stoermer et aI, in 1957. 

The Past. tularensis strains, JaPt.P 38, and NllEG variants were obtain­

ed from Dr. H. T. Eigelsbach, Fort Detrick, Maryland. The 425 F4G strain 

of ~. tularensis wa.s obtained from Dr. Cora Owen of the Rocky Mountain 

Laboratory, Hamilton, Montana. The Brucella strains were obtained from 

Dr. H. G. Stoenner, also of Rocky Mountain Laboratory. 

Suspensions of cells of the strains used for the inoculation of animals 

were made in gelatinized saline (0.2% gelatin in 0.85% NaCl) from 24 hour 

slant cultures incubated at 37 C. A single sublethal inoculation of the sus­

pended viable ~. tularensis or Brucella suis cells was routinely used to 

produce infection in experimental animals. Guinea pigs were inoculated sub­

cutaneously in the right flank area. 



Co Preparation of Antigen!,. 

Heat-killed antigens were prepared from a 0.15 M saline suspension 

of strains Schu A, 38 and jaP4 of Past. tula~ensis cultured 4~t 37 C for 

24 hours on glucose-cysteine-blood-agar (GaBA). The cells were washed 

twice, suspended at a final concentration of 5 x 108 cells per ml, and 

killed by incubating in a 60 C water bath for one hour. The Schu A 

preparation contained 0.229 mg N per ml, the 38 preparation contained 

0.094 mg N t>er ml, and the jaP4 preparation contained 0.216 mg N per m1 

as determined by micro-Kjedahl analysis. 

A second suspension of Schu A prepared as described above was 

killed by the addition of formalin to a final concentration of 0.2%. 

This suspension was washed twice with 0.5 M saline and adjusted to con­

tain 5 x 108 cells per mI. The final suspension contained 0.25 mg N 

per ml as determined by micro-Kjedahl analysis. This cell suspension 

was used for both skin testing studies and as the agglutinating antigen. 

Polysaccharide from Past. tularensis was prepared according to the 

method of Nicholes (1946) and AlexandeT' ~ta;t.. (1950). A portion of lyo­

pholized polysaccharide was reconstituted in distilled water and washed 

four times with equal volumes of chloroform. Following 15 minutes shaking, 

the polysaccharide in water-chloroform mixture was allowed to stand so 

that the water and chloroform would separate. There was no detectable 

emulsion of denatured protein formed. This portion was again lyopholized 

after the chloroform washing. Micro-Kjedahl analysis of both the chloro­

form treated and the non-chloroform treated polysaccharide yielded 4.6% 

nitrogen. A portion of the non-chloroform extracted polysaccharide was 

used as the complement fixing soluble antigen. 

A Past. tularensis cell wall preparation was obtained from Dr. Larson 

(Ormsbee" 1955)" Rocky Mountain Laboratory, Hamilton, Montana. 



A lyophilized Past. tularensis Schu A sonic lysate was obtained from 

Drc p. So Nicholes, Department of Bacteriology, University of Utah. This 

preparation contained 0.074 mg of N per m1 when l4.51was dissolved in 

25 ml of sterile distilled water. 

The Brucellergen (Brucella Protein Nucleate) used in this study was 

purchased from Sharpe and Dohme" Philadelphia, Pennsylvania (Huddleson et al. 

1943), 

Skin testing of rodents was routinely performed by intradermal injec­

tion of 0.05 m1 of. the appropriate antigen in a region of the abdomen from 

which the hair had been removed with electric clippers. The injection sites 

were observed intermittently during the first hour following administration 

of the antigen, then at intervals of 29 4, 6" ap.d 24 hours; then daily for 

3 to 7 days. 

D. Serology 

To collect serum for serological studies, guinea pigs and wood rats were 

bled by cardiac puncture. All other rodents were bled by severing the sub­

clavian vein and collecting free f1o~ blood in a small test tube. Serum 

was separated from this blood and stored at -20 F until the titer for 

PastL tularensis agglutination or complement fixing antibodies was deter-

mined 0 

The agglutinin titers were determined by the tube agglutination proced­

ure of Francis and Evans (1926). The antigen used consisted of formalin 

killed Past. tularensis, strain Schu A cells, prepared as described above 

in Section C. ~enol was added to a final concentration of 0.5% as a 

preservative. 

The complement fixation test was carried out according to the 

Communicable Disease Center virus technique with minor but modifications. 
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Pasta tularensis ~lysaccharide at a concentration of 30 5 micrograms per 

m1 was used as the antigeno 

Eo Serum Passive Transfer of Cutaneous Hypersensitivity 

To test for the presence of the Arthus type of reaction in the tularemia 

skin test reaction, the following methods were usedo Serum samples from the 
I 

sensitized guinea pigs were transferred to the recipient guinea pigs by 

intradermal injection of 00 1 ml s'erum, into an area of the back of the 

animal, which had been shaved with electric clipperso Irritation of the skin 

was avoided as much as possibleo 

Each serum sample was injected in duplicate into the back of each of 

two young guinea pigs!J weighing 300 to 500 grams 0 Twenty-four hours after 

transfer of the serum3 one site of the injection area was skin tested for 

cutaneous sensitivity with the heat killed Schu A suspension and the dupli­

cate on the same guinea pig was skin tested with the polysaccharde. 

To quantitate this serum transfer test, infected recovered guinea 

pigs were exs~linated by cardiac puncture and serum collected for passive 

transfer studieso The serum thus collected was used in the adaptation of 

a quantitative precipitin test using Pastp tularensis polysaccharide as 

the soluble antigeno 

A preliminary experiment to obtain the optimal concentrations of poly-

saccharide to precipitate the antibody was carried out according to Kabat 

and Meyer (1958), with but one modificationo All procedures were carried 

out at 4 Co 

Antibody nitrogen determinations were carried out according to 

Pressman (1943) using the };henol reagent as described by Folin and 

Ciocaltieu (1927)0 The results of the precipitin antibody determination 

from the analysis with the phenol reagent is originally expressed in 

ug tryrosine per ml of serumo Following the recomnendation of Kabat and 
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Meyer (1958) a sample of specific polysaccharide precipitate was analyzed 

by both the Phenol reagent and standard micro-Kjedahl methods. Using 

triplicate samples it was found that Pasto tularensis polysaccharide anti­

body nitrogen in mgs equalled 2.95 times the ug tyrosine cont ent of the 

precipitateo 

F~ Cellular Passive Transferor Cutaneous Hypersensitivity 

Adult~ albino guinea pigs were sensitized by a single subcutaneous 

inoculation of 10
9 

living Paste tularensis~ strain JaP4 cells o All such 

sensitizing inoculations were made into the loose skin over the batk of 

the neck so that the resulting lesion would be remote from1 and not inter­

fere wi. th» the pr eparations of peritoneal exudates. Sus pensions of 

peritoneal exudates. Suspensions of peritoneal exudate cells were collec­

ted from challenged guinea pigs, using the method of Tremaine (1957). The 

cells obtained from four to six sensitized guinea pigs by this method were 

pooled and immediately injected subcutaneously into the inguinal area of 

a normal guinea pig weighing 200 to 500 grams... At approyC'iate intervals, 

recipient guinea pigs were tested by intradermal injections of the Pasto 

tUlarensis~ Schu A, heat killed suspension and with the polysaccharide 

preparation. The skin sf ted test was observed at various intervals for 

the first 4 hours, and at 24 and 48 hours after skin testingo Appropriate 

control guinea pigs were usedo 
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IV 0 RESULTS 

Ao Cutaneous Response of Pasteurella tularensis Challenged Animals to 

Intradermal Injection of Various,J~eurella tularensis Preparations 

10 Reer mice o 

Deer mice were observed to elicit a cutaneous response to intra­

dermal injection of several Pasto tularensis preparations three weeks 

after challenge with 103 viable Pasto tularensis strain JaP4 organism8o 

From the summarization of these responses as presented in Tables 1 and 

2, it is readily evident that several different preparations possessed 

the capacity to stimulate a cutaneous response in the challenged deer 

mce o 

The positive cutaneous response of challenged mice to all of 

the preparations was a typical circular area of induration" rarely 

accompanied by erythema or edemao Twenty-four hours after testing, the 

typical cutaneous reactions were generally unapparent or similar to the 

response of the control animals, but by 48 hours the response had become 

maximal in the challenged animals and had disappeared in the control 

animals 0 The peak reaction had begun to decrease in intensity by 72 hours 

and gradually subsided until no apparent response could be observed by the 

5th to 7th day following injection of the skin test dose o The various heat 

killed suspensions of Paste tularensis elicited cutaneous responses of a 

similar magnitudeo Intradermal injection of ten-fold serial dilutions of 

the Schu A heat killed preparation resulted in a decreasing number of 

positive reactions in the challenged animals o The formalin killed Schu A 

and the polysaccharide prepared from this strain also induced a cutaneous 

response in challenged deer miceo In each case, with decrease in concen­

tration of the Schu A preparation there was an apparent lessening in the 

intensity of the cutaneous response of the test animals. Deer mice tested 
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TABLE :L 
The cutaneous responses of deer mice to intradermal injection of variou1 
Pasteurella tUlarensis preparations three weeks after challenge with 10 

Past. tularensis JaP4 cells .. 

- Time after intradermal injection of antigen 
2~ hra b,8 hra 

Past. tularensis Reactorsl 
Reactions~2 

Reactorsl 
Reactions,2 -preparation per per 

total total 

Heat killed 38 0/10 0 10/10 

Heat killed JaP4 4/10 3 10/10 

Heat killed Schu A 5/10 3 10/10 

It 1:10 1/10 3 3/10 

tt 1~100 0/10 0 1/10 

Sonically ruptured 
Schul 8/10 3 10/10 

Formalin killed 
Schu A 8/17 3 14/17 

Polysaccharide 2/10 3 10/10 

Saline 0/10 a 0/10 

1 Animals deve~oping an observable cutaneous response .. 
'2 Expressed as average diameter of reactions in rmll .. 

3 

4 

5 

4 

3 

6 

4 

4 

0 

72 
Reactorsl 

per 
total 

10/10 

10/10 

10/10 

3/10 

0/10 

10/10 

14/17 

10/10 

0/10 

3rs 

~eactions2 

3 

4 

4 

3 

0 

5 

3 

4 

0 
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TABLE 2 
The cutane9us responses of normal deer mice to intradermal injection of 

various Pasteurella tularensis prep9.rations 0 

Time after intradermal injection of antigen 
2L. hl"'S LJ5 hrs 72 hrs 

Reactorsl Reactors1 Pasto tularensis ~eactorsl 
---preparation per Reactions2 per ReactionE2 per iReactions2 

total total 

Heat killed 38 2/10 2 0/10 

Heat killed JaP4 3/10 2 0/10 

Heat killed Schu A 3/10 2 0/10 

It 1:10 0/10 a 0/10 

It 1~100 0/10 a 0/10 

Sonically ruptured 
Schu A 4/10 2 0/10 

Formalin killed 
Schu ! 0/10 a 0/10 

Polysaccharide 0/10 a 0/10 

Saline 0/10 a 0/10 

1 Animals developing an observable cutaneous response" 
2 Expressed as average diameter of reactions in rmllo 

total 

a 0/10 a 

a 0/10 a 

a 0/10 a 

a 0/10 a 

a 0/10 a 

a 0/10 a 

a 0/10 a 

a 0/10 a 

0, 0/10 a 
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with the sonically ruptured Past.. tularensi;s Schu A preparation developed 

the greatest cutaneous responseo 

2() Guinea Pigs. 

Guinea pigs that were skin tested with various preparations three 

weeks after subcutaneous challenge with 103 Past. tularensis JaP4 organisms 

developed a cutaneous response different than that of the challenged deer 

mice. Intradermal injection of 0()05 ml of the heat killed Schu A suspen­

sion evoked an erythema ranging from 15 mm to 20 nun in diameter.$! with 

central necrosis and/or formation of vesicules of 3 mm to 10 rom in diameter. 

Similar, if not identicala responses were also elicited following skin test 

wi th other heat killed Past, tularensis strains, as well as with the poly­

saccharide, Table 3p The injection site gradually began to redden about 

30 minutes after injection of the test antigen and after 2 hours nearly 

all animals tested with the heat killed antigen developed an edematous 

area averaging 6 mm in diameter with very little erythemaa Injection of 

polysaccharide induced a strong erythema averaging 10 nw in diameter with 

central vesiculation within 2 hours. After nine hours central vesiculation 

and hemorrhage appeared at the site of the injection of both preparations 

and the overall diameter of the reaction increased to 10 rom to 20 DDl in 

diameterc These reactions continued to increase i~ intensity, reaching 

a peak by 24 hours o Thereafter" the reactions subsided and within 4 days 

the injured tissues sloughed and healing progressedo By the 7th to 9th day 

only scar tissue remained. 

Table 4 summarizes the observations of the development of the 

cutaneous response of guinea pigs when skin tested three weeks after chall­

enge with 103 JaP4 strain organisms e 



TABLE 3 
The cutaneous response of guinea pigs 24 hours after intradermal in­
jection of various Pasteurella tularensis preparations three weeks after 

challenge with 103 Paste:> tularensis JaP4 organisms .. 

Challenged Nprmal 
Pasto tularensis Reactorff 

Reactions? 
Re~ctorgL-

Reactions2 --preparation per per 
total total 

Heat killed 38 7/7 20 3/10 

Heat killed JaP4 7/7 20 4/10 

Heat killed Schu ! 23/23 25 4/10 

Formalin killed Schu A 6/6 10 1/2 

Polysaccharide 17/17 20 0/10 

Gell wall 0/2 0 0/2 

Saline 0/2 0 0/2 

1 Animals developing ~,n observable cutan<eous response .. 
2 Expressed as average diameter of reactions in mmo 

2 

2 

3 

2 

0 

0 

0 
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TABLE 4 
Observations on the development of the cutaneous response of skin 
tested guinea pigg three weeks after subcutaneous challenge with 

10 Pasteurella tularensis JaP4 cells o 

Hours after Pasto tularensis Reactorsl 
skin testing -preparation per Reactions2 

total 

1/4 Heat killed Schu A 0/10 0 

Polysaccharide 0/10 0 

1/2 Heat killed Schu A 1/10 3 

Polysaccharide 2/10 3 

2 Heat killed Schu A 1/10 6 

Polysaccharide 9/10 10 

9 Heat killed Schu A 10/10 12 

Polysaccharide 10/10 17 

24 Heat killed Schu A 10/10 25 

Polysaccharide 10/10 22 

4S Heat killed Schu A 10/10 19 

Polysaccharide 10/10 IS 

1 Animals developing an observable cutaneous responseo 
2 Expressed as average diameter of reactions in mmo 

Description 
of 

reaction 

Sligh t erythema 

Slight erythema 

Slight erythema 

Slight erythema 

Erythema. with 
central hemorrhage 
Erythema with 
central hemorrhage 

Erythema with 
central hemorrhage 
Erythema with 
central hemorrhage 

Erythema with 
central hemorrhage 
Erythema with 
central hemorrhage 
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30 Rabbits. 

Six rabbits challenged with 109 Past. tularensis strain 425 F 4G 

cells also elicited a cutaneous response following intradermal injection 

of 0.05 rnl of various preparations, Table 5. Each challenged rabbit was 

tested by intradermal injection of several preparations. The cutaneous 

response of challenged rabbits was very similar to the response observed 

in the sensitized guinea pigs, in contrast to that seen in deer mice. 

Twenty-four hours after skin testing, rabbits developed an erythematous 

zone up to 20 nun in diameter 0 However" unlike the response of guinea 

pigs, that of the rabbits continued to develop, reaching a peak of 25 mn. 

diameter at 48 hours. There was an apparent lack of edema in the response 

of the rabbits to all preparations employed. 

In addition to using the polysaccharide and the heat killed Schu A 

suspension described above, both were further diluted 1:10 and 1:100 in 

sterile saline. Two rabbits challenged three weeks previously with 109 

Past. tularensis 425 F4G and one normal rabbit were skin tested with these 

dilutions. The response evoked by the diluted preparations is sunmarized 

in Table 50 It is apparent that intradermal injection of as little as 

9.0 ug would not o The Schu A heat killed preparation at a concentration of 

0.11 ug N per ml elicited a response in the challenged rabbits. The diluted 

polysaccharide and the Schu A cell suspension elicited no visible response 

in normal rabbits. 

The Past. tularensis cell wall preparation obtained from Drc Larson 

caused an erythema 5 nun in diameter in challenged rabbits" but no response 

in normal rabbits. 

4. White Mice. 

Three weeks after intraperitoneal challenge with 103 viable Past. 

tularensis st~ain JaP4 cells, white mice were also found to have developed 



TABLE 5 
Cutaneous response of rabbits 48 hours after intradermal injection of 
various Pasteurella tularensis preparations three weeks after challenge 

with 109 Past~ tularensis 425 F4G organismso 
.. 

ChA.lenO'ed NO"'TTl;:tl 
Reactors 1 Reactors 1 

Past. tularensis per Reactions': 2 per 
-preparations total total 

Heat killed Schu A 2/2 22 0/1 

Heat killed 1~10 2/2 12 0/1 

Heat killed 1~100 1/2 11 0/1 

Polysaccharide 2/2 23 0/1 

Polysaccharide 1:10 2/2 5 0/1 

Polysaccharide 1:10 b 0/2 0 0/1 

Cell wall 2/2 4 0/1 

Saline 0/2 0 0/1 

1 Animals developing an observable cutaneous reaponseo 
2 Expressed as average diameter of reaction inmm. 

Reactions': 2 

0 

0 

0 

0 

a 

0 

0 

0 
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degrees of cutaneous hypersensitivity to various Pasts tularensis prepara­

tionso All of the ten white mice skin tested with the heat killed and the 

formalin killed Schu A suspensions elicited cutaneous responseso The re­

sponse was similar to that of the deer mice, both in the apparent type of 

response and in the time interval of progressive development of the response, 

following the skin test injections None of the normal white mice elicited 

a significant response following intradermal injection of either preparations 

Bo The Cutaneous Responses of Certain Rodents to the Intradermal Injection 

of Heat Killed Schu A Cells, Following Challenge with Various 

Pasteurella tularensis Strainso 

10 J aP4 Straino 

In a study to determine the effect of varying challenge dosages 

on the development of cutaneous sensi.tivity, groups of deer mice,g Ord 

kangaroo rats, desert wood rats, bushy-tailed wood rats, and grasshopper 

mice were challenged subcutaneously with ten-fold serial dilutions of 

Paste tularensis strain JaP4c 

The results of this study are presented in Table 60 It is apparent 

that as little as ten viable organisms of the JaP4 strain \illl sensitize 

the majority of the deer mice and grasshopper ndce testedo In Ord kangaroo 

rats~ one of four became sensitive after challenge with 102 JaP4 cells, and 

the majority of animals receiving 103 or greater numbers of cells became 

sensitive to skin test antigeno 

The cutaneous response to intradermal injection of heat killed 

Schu A cell preparation of the other challenged rodent species was similar 

to that described in deer miceo A possible exception to this is the grass­

hopper mouse, in which the appearance of erythE~ma and edema within 24 hours 

was common among the challenged and skin tested animals o At 48 hours" the 



TABLE 6 
Cutaneous response of certain wild rodents to heat killed Schu A cells three weeks after subcutaneous 

challenge with 10-fold- serial dilutions of Pasteurella tularensis strain JaP4b 

Deer Mice Gra,sshopp~r Mice prd kangaroo rats 
Reactors.! Reactors..!. 

"'.l 
Reactorsl 

Chall" per, lReactions~ per lReactions~ per 
Dose tota.l total total 

101 
4/7 4 7/7 6 

102 26/30 4 10/10 6 1/4 

103 19/30 5 7/7 6 3/6 

104 27/2$ 5 7/9 7 5/$ 

105 16/17 5 3/3 7 2/3 

106 gig 6 1/1 

107 

log 

Control 0/40 0 0/20 0 0/12 

lAnima1s developing an observable cutaneous response o 

2Expressed as average diameter of reactions in mm& 

": 
lReactions~ 

6 

5 

6 

6 

7 

0 

Desert wood rats Bushy=tailed wood rat~ 
Reactorsl 

Reactions;;: 
Reactors.! 

Reactions2 per per 
total total 

gig 6 

16/16 6 1/2 6 

16/16 6 

14/16 6 

gig 6 3/3 7 

0/6 0 0/3 a 

N: 
~ 
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lesion had become indurated and resembled the typical response of the other 

rodents 0 

The similarities of the overt appearance of the cutaneous response 

of challenged deer mice and grasshopper mice may be seen by examining Figs 0 1 

and 20 

The wood rata though highly resistant to PastA tularensis JaP4 

organisms, readily became sensitive if inoculated with 104 or more 

organisms 0 All but two of the 64 animals challenged with 104 to 108 cells 

became positive reactors to heat killed Schu A skin test antigeno 

The bushy-tailed wood rat also became sensitized to an intradermal 

injection of heat killed Schu A cells following challenge with 105 and 108 

JaP4 cellso Though only eight animals were available for testing, four of 

the five animals challenged developed a positive cutaneous response o In all 

JaP4 challenged animals, there was no apparent differences in the magnitude 

of the cutaneous response elicited by intradermal injection of the Schu A 

preparationo 

20 NIIEG Straino 

Deer mice were also challenged subcutaneously with varying numbers 

of both of the varieties of the NIIEG strain of Paste tularensiso 

Varying challenge of the NIIEG strain in deer mice appeared to have 

little if any effect upon the intensity of the cutaneous response of the 

surviving animals a Table 7(1 The positive responses were similar to those 

previously described as to both the time of peak response and the overt 

appearance of the reactiono The NIIEG variant Blue appeared to be very much 

like the JaP4 straina in that as few as 10 organisms induced cutaneous 

sensitivity to subsequent skin testingo However, it appeared that the inoc­

ulation of at least 105 organisms of the NIIEG variant Gray were essential 

to establish cutaneous sensitivity in the deer ~ceo 
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Fig. 1. Cutaneous reaction of deer mice, Perom1scus 
maniculatus, following intradermal injection of a heat­
killed suspension of Pasteurella tularensis, strain 
Schu A. (Upper) Control deer mouse. (Lower)~. 
tularensis challenged deer mouse. Observations 48 hours 
after skin testing. 
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Fig. 2. Cutaneous reaction of grasshopper mice, 
Onychomys leucogaster. following intradermal injection 
of a heat-killed suspension of Pasteurella tularensis, 
strain Schu A. (Upper) Control grasshopper mouse. 
(Lower) ~. tularensis challenged deer mice. Obser­
vations 24 hours after skin testing. 
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TABLE '7 
The cutaneous response of deer mice and wood rats to intradermal in­
jection of heat killed Schu A cell~ three weeks after challenge with 
the Blue and the Gray variants of the \TlIEG strain of Past .. tularensis. 

Challen~e Strain 
NlIEG (var Blue) NlIEG [var GravJ 

Reactors.L 
Reac.tions~ 

Reactors..L 
Challenge per per 

Dose total total 

Deer Mice 

101 1/1 6 0/4 

102 2/2 4 0/3 

103 
2/2 3 0/4 

104 2/2 3 0/4 

105 2/2 5 3/4 

106 
3/4 

107 1/1 3' 4/4 

108 
4/4 

Desert wood rat 

106 
2/2 6 2/2 

1 Animals developing an observable cutaneous response .. 
2 Expressed as average diameter of reaction in IDm .. 

ReactionS'~ 

0 

0 

0 

0 

3 

3 

4 

4 

4 
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Desert wood rats were challenged with 10
6 

organisms of both NIlEG 

variants (Table 7)0 When the surviving animals were skin tested with the 

heat killed Schu A antigen~ both desert wood rats challenged with NIIEG 

variant Blue and two of the three challenged with NIIEG variant Gray ~ be­

came sensitive to cutaneous injection of the heat killed Schu A cells o 

Co The P,f)r..a,istence of Cutaneous Serl;.sitivity in Certain Rodents ChAllenged 

~a~te~ella tularensis JaP4 Cells o 

The persistence of cutaneous sensitivity to intradermal injection of 

heat killed Schu A cells in 125 deer mice 9 33 desert wood rats, and 21 

Ord kangaroo rats following subcutaneous challenge with 103 Pasta tularensis 

strain jap cells has been examined, Table 80 In deer mice a eight of ten 

animals were sensitive to a skin test dose as early as one weeks and 15 of 

20 were skin positive two weeks following challengeo Between the third 

and 38th week following challenge9 six to ten deer mice skin tested at vary­

ing intervals were positive. None of eight tested ten weeks leter were 

positive 0 Four of seven animals skin tested 53 weeks after ch~llenge elici­

ted a positive response o 

Of the challenged Ord kangaroo rats:J all that were skin tested through 

the 25th week following challenge were positiveo Two of four Ord kangaroo 

rats skin tested at 40 weeks were positiveo 

All but one of the challenged desert wood rats skin tested with the heat 

killed Schn A cell preparation at intervals through 25 weeks following 

challenge were positiveo There was no apparent decrease in the intensity 

of the reaction in any test group whether tested 1 week or 53 weeks after 

challenge 0 Throughout this experiment none of the 96 deer mice 9 15 Ord 

kangaroo rats~ and 17 desert wood rats utilized as control animals showed 

a positive response to the skin test antigeno 



TABLE 8 
Cutaneous sensitivity persistence in deer mic,e~ Ord kangaroo rats, and 

desert wood rats challenged with 103 Pasteurella tular~nsis 
JaP4 cellso 

Deer mouse Ord kan,g aroora,t Desert wood rat 
Time lReactorsJ 2 Reactors.! 

lReactions2 
Reactors.!. 

per Reactions per per 
Weeks total total total 

1 8/10 5 

2 15/20 5 

3 9/10 5 7/7 

6 S/10 4 5/5 5 4/4 

7 7/10 6 5/5 

12 10/10 4 4/4 5 4/5 

18 10/10 4 4/4 5 6/6 

25 10/10 5 4/4 5 6/6 

31 6/10 4 

40 2/4 5 

48 0/8 0 

53 4/7 4 

Controls 0/96 0 0/15 0 0/17 

lAnimals developing an observable cutaneous response o 

2Expressed as average diameter of reactions in IDmo 

Reactions2 

6 

6 

6 

7 

6 

6 

0 
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Do Specificity of the Tularemia Skin Test in Rodents o 

The possible presence of cross reactions of the tulareDda skin test in 

rodents challenged with Br~ !B!! was studiedo Three weeks following challenge 

with Bro ~ mice were skin tested with OoOS Inl of Brucellergen and heat 

killed Schu A antigeno None of the animals reacted to either antigeno 

The observations of Mika et alo (1958) prompted an additional experi­

ment with the wild ~r~ §uis straino It was observed by Mika that guinea 

pigs infected with Brp ~ developed a positive skin test ~len a formalin 

killed suspension of Past~ tular~ was injected intradermally after the 

34th day following challengeo 

Two hundred deer mice were challenged with 00 2 ml of a 10-1 dilution 

of a suspension of ~_o ~ washed from 24-hour trYitose agar slant culture 

of organismso Of the challenged deer mice j 168 died within 36 dayso Twenty­

one deer mice~ all with scar tissue 00 5 mm to 1 nIDl in diameter at the site 

of Br~ s'li8 inoculation were skin tested 42 days after challengeo Each deer 

mouse was skin tested with 00 05 ml of the heat killed Schu A cell suspension 

and OoOS ml of Brucellergeno The heat killed Schu A cells suspension and 

Brucellergen elicited no response in the deer miceo 

In addition to utilizing the ~ ~ strain deer mice were also skin 

tested following challenge with ~ neoto~~o Of 72 deer ~ce challenged 

with 101 to 108 organisms$ two elicited a positive cutaneous response after 

intradermal injection of the heat killed Schu A antigen four weeks follow­

ing challengeo One animal that received 102 organisms developed an 

induration measuring 5 x 5 nIDI 48 hours after skin testing with the Schu A 

heat killed suspensiono The remaining 70 rodents failed to exhibit rulY 

response following intradermal injection of the antigeno These animals 

were not tested with Brucellergeno 
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E. Tularemia Skin Test!n.& of Rodents Trapped Alive in an Area where a 

Tularemia Epizootic in Jack Rabbits had Occurred. 

During the month of June 1958, a tularero.mi.a epizootic in the rabbit 

population in North SkUll Valley, Utah occurred. Past, tularensis subse­

quently was isolated from one cottontail rabbit carcass and from one jack 

rabbit carcass taken from this area (Marchette et ale 1961). During June 

and July, 1958, 213 rodents, including eight species, were collected alive 

and skin tested with the heat killed Schu A strain, Table 9. 

An additional 15 rodents of the above species were found dead in the 

traps, or died before they could be tested for cutaneous sensitivity to the 

Schu A heat killed antigen. These were autopsied and the spleens removed 

and homogenized. Past. tularen~is could not be recovered from the homo­

genate by culture on glucose cysteine blood agar, or by deer mouse challenge, 

Ectoparasites were removed from all trapped rodents 3 titrated and inocu­

lated into guinea pigs. Past. tularensis was not receovered by this method. 

One week following skin test the rodents were bled. Agglutinin titers 

ranged from negative to 1:80. 

One hundred and twenty-eight control rodents were obtained from labor­

atory stock or by field trapping in areas remote from the epizootic area. 

A single intradermal injection of the heat killed Schu A cell suspension in 

these animals is summarized in Table 10. From this work it would appear 

that normal deer mdce, grasshopper mice, Ordkangaroo rats J and wood rats 

may respond to a single intradermal injection of the heat killed Schu A 

antigen by developing complement fixing antibody titers and agglutination 

antibody titers ranging from negative to 19160. 

In conjunction with this study, deer mice~ Ord kangaroo rats, and 

desert wood rats challenged three to four weeks previously with 103 JaP4 

strain Past. tularensis cells were skin tested with the heat killed Schu A 



TABLE 9 
The results of tularemia skin testing of rodents from an area where a 
tularemia epizootic had occurred in jhck rabbitso Rodents from areas 20 
miles or more distant from the epizootic area were collected for controls. 

Rodent species 

Dipodosys microps 
Chisel-toothed kangaroo rat 

Do ordii 
- O~ngaroo rat 

Perosyscus maniculatus 
Deer mouse 

Citellus leucurus 
Antelope ground squirrel 

Mus musculus 
House mouse 

Reithrodontosys megalotis 
Harvest mouse 

Perognathus parvus 
Great Basin pocket mouse 

Onychomys leucogaster 
Grasshopper mouse 

Perognathus formosus 
Long-tailed pocket mouse 

Peromy§cus crinitus 
Canyon mouse ' 

Rodents from tularemia 
epizootic area 

Rea'ctorsl 
per 

total 

0/134 

0/12 

0/21 

0/22 

0/1 

0/4 

0/1 

0/1 

Ilnimals developing an observable cutaneous response& 

Rodents from 
distant areas 
ReactorsJ. 

per 
total 

0/24 

0/24 

0/8 

0/12 

0/23 

0/13 

0/6 

0/18 
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TABLE 10 

Pasteurella tularensis agglut:J,.nation and comple~ent fixation titers 
of certain normal rodents one week after intradermal injection of 

the heat killed Schu A cell suspension 0 

Number of 
Rodent species S,era samples rri t.A1"'A 

Agglutinationl fO 0 ~ pooled Complement l.XJ.ng 

P§romyscus maniculatus 
Deer mouse 10 40 20 

10 160 160 
10 0 0 
10 0 20 
10 0 40 
10 0 0 
10 80 20 
10 80 0 

Onychomys leucogaster 
Grasshopper mouse 10 SO 80 

10 160 40 

Dipodom.ys OJ:'dii 
Ord kangaroo rat 1 40 80 

1 80 0 
1 0 0 
1 0 0 
1 20 0 
1 80 0 
1 160 0 
1 20 0 

Neotoma lepida 
Desert wood rat 1 0 0 

1 0 0 
1 0 0 
1 0 0 
1 0 20 
1 0 40 
1 80 0 
1 20 9 
1 40 0 
1 40 0 
1 0 0 
1 40 0 
1 40 0 
1 0 0 
2 80 0 
2 0 0 
3 0 20 

ITiters shown as the reciprocal of the highest serum dilution agglutinating 
Pasto tularensis antigen to +2 or greater 0 

2Titers shown as the reciprocal of the highest serum dilution showing 50% 
lysis of sensitized sheep red blood cellHo 
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cell suspension and bled one week later. The serum collected from this 

blood was then studied for Past. tularens!!, agglutinating and complement 

fixing antibodies. The results of this study are sunnnarized in Table 11. 

It is evident that in general the antibody titers of the skin tested 

challenged animals were mlch higher than those of the skin tested normal 

animals. From these studies it appears that agglutination and complement 

fixing antibody titers of sera tak~l from rodents one week after skin 

test would yield only questionable evidence as to past Past. tularensis 

infection, 

F. Histological ObseI"!.atio,rt o,f the Tularemia Skin.. Test in Deer Miett 

and Grasshopper Mice. 

Deer mice and grasshopper mice were tested for cutaneous sensi-

tivity with heat killed Schu A cell suspension three weeks following 

challenge with sublethal doses of Past, tularensis strain JaP4' The 

section of the tissue containing the resulting cutaneous lesions was 

removed from both normal and challenge animals 24 and 48 hours after 

test. These tissues were placed immediately into vials containing 

Bouin~s tissue fixative, Tissue sections 7 microns thick were prepared 

and stained by the hematoxylin and eosin technique. It was apparent 

that sensitized rodents suffered an acute, local inflammatory response 

with edema following intracutaneous injection of the heat killed Schu A 

cells, Figures 3 and 40 In normal rodents only a mild3 transitory 

inflammatory response was evident. 
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TABLE 11 
Pasteurella tularensis agglutination and complement fixation titers 
of certain JaP4 challenged rodents on week after skin te;;ting with 

the heat killed Schu A suspension. 

Number of 
Rodent species sera samples Tib::~rR 

pooled Agglutinationl Complement fixing"" 

Peromyscus maniculatu5 
Deer mouse 10 640 640 

10 12ao 640 
10 640 320 
10 640 320 
20 640 640 

DiEodoImls ordii 
Ord kangaroo rat a 640 160 

6 640 320 
4 320 320 
3 1280 40 
1 320 640 
1 646 20 
1 40 160 
1 160 40 
1 ao ao 
1 640 80 

Neotoma lepida 
Desert wood rat 8 20 320 

a 20 160 
a 160 160 
1 320 40 
1 80 20 
1 160 40 
1 640 160 
1 320 AO 
1 640 160 
1 320 80 

lTiters shown as the reciprocal of the highest serum dilution agglutinating 
Pasto tularensis antigen to +2 or greater~ 

2Ti tersshown a s the reciproca.l of the highe at serum dilution shewing 50% 
lysis of sensitized sheep red blood cel180 
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Fig. 3. Cutaneous reacti on of deer mice, Peroroyscus 
maniculatus , following intradermal inject i on of a 
heat-killed suspension of Pasteurella tularensie, 
strain Schu A. (Upper ) Cont r ol deer mouse. (Lower) 
fast . tularensis chall enged deer mouse . Observati ons 
48 hours aft er skin testing. BOllin's fixat i on; 
haematoxylin and eosin. XlOO. 
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Fig. 4. Cutaneous reaction of grasshopper mice, 
OpYchomys leucogaster, following intradermal injection 
of a heat-killed suspension of Pasteurella tularensi s, 
strain Schu A. (Upper) Control grasshopper mouse. 
(Lower) Past. tularensis challenged deer mice. Obser­
vations 24 hours after skin testing. Bouin's fixation; 
haematoxylin and eosin. XIOO. 



G, Character; zat;; on of TU] aremj a Hy;perunaitiri;tx..,in Gul pea figs. 

10 DOYelopmellt gf HYPersensitiyity in Guipa Pigs after Subgutf1IU(ous 

Inoculation with 109 Living Pasteurella tul_a.Lepsis .Tap, Cells, 

This part of the study was carried out to observe the development of 

hypersensitivity following challenge with living Past, tularenais strain 

JaP4 cells into guinea pigso Forty guinea pigs inoculated with Past, 

tularensis strain JaP4 were divided into eight groups of five pigs each. 

At intervals of 0, 39 4, 5~ 73 8» 10 and 12 days following inoculation 

a different group of 5 ~linea each was skin tested, One tenth of 

a ml of a heat killed suspension of Past, tularensis strain SchuA was 

inj ected on one side of the abdominal area and ~ tularensis poly-

saccharide on the other sideo Each guinea was skin tested but once. 

The injection sites were observed at 00 5, 2, 4, 6, 24 and 48 hours follow­

ing intradermal injection of the whole cell antigen and polysaccharide. 

Results of the observations on the guinea pigs after injection 

of the heat killed whole cell antigen are presented in Table 12. At 

the 4 and 24 hour observation times none of the five guinea pigs tested 

on the Oa 3rd, or 4th day reacted. Skin reactivity was apparent in two 

of the five guinea pigs tested on the 5th day, and was more apparent in 

the five guinea pigs tested with the whole cell antigen on the 7th and 8th 

days following challenge with JaP40 The five tested on the 10th day, for 

reasons unknown, failed to react to intradermal injection of the whole 

cell antigen, 'lWo and possibly 'three of the five guinea pigs tested on 

the 12th day demonstrated cutaneous reactivityo ~~e three guinea pigs 

that showed positive reactivity 4 hours after skin test 12 days after 

challenge elicited stronger reactions when observed at 24 hours. A 

fourth animal, that was apparently unreactive at 4 hours (6 nun x 6 mm), 

exhibited a reaction measuring 12 mmx 12 mm at 24 hours. 
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TABLE 12 
Development of cutaneous sensitivityl to intradermal injection of heat killed 
Schu A. cell suspension into guinea following challenge with 109 Pasteurella 

tularensis strain JaP4 oells o 

I 

Animal 
i-------

number 0 
Time in_ days f~~owing inocula,t~o!:....gf _JaPl, 

3 457 8 10 12 

4~hour6 after intradermal injection of antigen 

1 6 7 4 7 12 20 5 9 

2 6 6 . 5 9 15 18 6 6 

3 5· 7 4 11 13 21 7 10 

4 6 7 4 8 10 14 6 6 

5 6 7 0 13 14 13 7 16 

24-hours after intradermal injection of antigen 

1 6 6 3 7 8 20 9 16 

2 6 6 5 8 8 7 8 

3 4 5 6 6 7 11 5 20 

4 5 6 0 6 14 6 12 

5 6 7 0 3 9 8 5 14 

lExpressed as the diameter of the reaction in mmo 



Results of the observations of the guinea pigs skin tested with 

Pasto tularensis polysaccharide are presented in Table 13. None of the 

guinea pigs tested through the third day reacted to the polysaccharideo 

On the fourth day, one and }X,)ssibly three guinea pigs developed slight 

reactions 4 hours after intradermal injection of polysaccharide3 but 

these diminished in 24 hourso Of the remaining guinea pigs a each group 

of 5 tested at 7, 8a 10 and 12 days developed moderate to strong skin 

reactions observable after 4 hours from the time of the injection of the 

skin test dose. Unless the skin reaction was strong at 4 hours, the 

reaction site had markedly decreased in size when observed 20 hours later. 

The strongly reactive sites of ~·st tested animals was noticeably decreased 

but still evident when observed at 24 hourso 

20 Quanti tative Study of the Arthus Tne of Hypersensitivity 

Passively Induced in the Guinea Pig and Rabbito 

This part of the study of Past~ ~lareB!!! hypersensitivity was 

conducted to investigate the level of circulating Paste tularensis antibody 

that was required to cause a skin test reaction to 90 mg of polysaccharide. 

Serum samples were collected aseptically from guinea pigs three 

weeks after having been challenged with 109 JaP4 cellso All serum samples 

were stored at -20 e until usedo Each was analyzed for Past, tularensis 

polysaccharide antibody nitrogen as previously described. 

One tenth of a ml of each serum sample was injected intradermally 

at four different sites on the shaven back of a normal healthy guinea pigo 

Twenty-four hours later two of the sites were tested by intradermal injec­

tion of the heat killed whole cell antigen and two were tested by intradermal 

injection of the Past., ~aI"eI!.s~ pdlysaceha...r.fctGo Thus a each serum sample 

was tested in duplicate for passive transfer of cutaneous sensitivityo 
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TABLE 13 
Development of cutaneous sensitivityl to intradermal injection of polysaccharide 
into guinea pigs following challenge with 109 Pasteurella tularensis strain JaP4 

cells" 

Animal Time in days following inoculation of JaPJ 
number 0 3 4 5 7 8 """ 10 12 

~-hours after intradermal injection of antigen 

1 5 6 12 10 13 20 20 15 

2 8 6 10 12 16 18 19 16 

3 5 5 10 13 16 21 14 15 

4 7 6 7 11 14 14 19 20 

5 8 7 0 8 13 13 23 18 

2~-hours after intraderma.l intjection of antigen 

1 7 5 4 6 7 8 7 8 

2 6 5 8 6 10 10 9 4 

3 6 5 9 12 12 9 6 14 

4 4 5 0 6 11 7 10 9 

5 5 5 0 6 10 6 10 10 

lExpressed as the diameter of the reaction in mmo 
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Only non-pregnant female guinea pigs weighing 300-350 grams were 

used. 

Passive transfer studies of the Arthus type of reaction, using 

guinea pigs and rabbits as the recipient animals of anti-Past, tularensis 

serum are tabulated in Tables 14 and 15 0 

Guinea pig serum containing 0,027 rug of Past, tularensis antibody 

nitrogen failed to produce local sensitivity when transferred to a nor­

mal guinea pig, Pasteurella tul~ens~s antibody nitrogen in concentrations 

in excess of 00176 mg successfully transferred sensitivity to normal 

animals. From data in Table 14 it appears that concentrations above 00176 

reg antibody nitrogen transferred to normal guinea pigs increases but 

slightly the severity of subsequent skin tests. 

The local reaction following skin test of the sensitized site of 

the recipient animal reached a maximal response four to six hours after 

injection of test antigens! After this period the reactions gradually 

subsided until at 24 hours, all but the severest reactions had been 

greatly reduced! 

Based on observations at 24 hours, normal rabbits proved to be as 

susceptible l if not more so, to local sensitization with anti-Past, 

tularensis serum as did guinea pigs, Sensitized and normal rabbits respond­

ed to both skin test preparations by developing a non-specific cutaneous 

reaction measuring 51 mm x 15 mm3 4 hours after skin test o This non­

specific response was sufficient to mask any specific reactions which nk~y 

have occurred during the first four hours following injection of the skin 

test antigeno When the sensitized rabbits were observed 24 hours following 

intradermal injection of the antigen, there was a striking specific response 

to both skin test preparations at the sites of local sensitization! Anti­

body concentrations as low as 00 055 mg nitrogen were sufficient to sensitize 



TABLE 14 
Serum pa.ssive tra.nsfer of the Arthu::- i..Iype hypersensitivity in the guinea. pig 

with Pasteurella tularensis antiserum~ 

Guinea pig Mg Skin reaction to Skin reaction to Past .. 
Serum. No" Antibody Heat killed Schu A tularensis polysac~idel 

N antigen1 

4 hours 24 hours .. !! hours 24 hours 

1 0.,027 6 5 7 8 

") 
"-- 0 0 176 5 7 13 6 

3 0,,271 11 6 20 7 

4 0 .. 320 11 6 13 6 

5 0 0 426 8 7 15 10 

6 0 0451 12 12 22 16 

7 0 0 490 16 17 16 

8 0 0 521 11 19 10 

9 0.,533 9 13 8 

10 0,,556 11 5 17 9 

11 0<)613 12 5 14 5 

12 0 0 688 9 5 14 8 

13 0 0 815 12 19 6 

14- 00900 9 7 14 7 

10231 7 16 8 

Control 0.,0 7 5 5 6 

Control 0.,0 6 5 7 7 

Control 0 0 0 7 6 4. 

lExpressed as the diameter of the reaction in nun o 



TABLE 15 
Serum passive transfer of the Arthus type of hypersensitivity by transferring 

guinea pig anti-Pasteurella. tularensis serum to Tabbi:tso 

Guinea pig Mg Skin reaction to Skin reaction to Pasto 
Serum Noo A.ntibody Heat killeq Schu A tularensis polysacc~del 

N an,tigenl 

4 hours 24 hours 4 hours 24 hours 

1 0.220 15 10 15 17 

2 O.llO 15 10 15 1.3 

3 0.055 15 6 15 11 

4 0.207 15 .3 15 0 

5 0.013 15 3 15 3 

Control 0.0 15 .3 15 3 

lExpressed as the diameter of the reaction in mm. 



local areas of the rabbit to subsequent intradermal .injection of both 

preparations. 

30 Cellular Transfer of Tularemia Hypersen§i~;vity afte~?~n~iti;ation 

with Pasteurella tularensis .IaP40 

Thirty-eight guinea pigs each given a single cutaneous inoculation 

of 109 living Past, ~ JaP4 cells \vere used to prepare peritoneal 

exudates for detection of the presence of delayed hypersensitivity by 

cellular transfer of activit yo In order to determine th.e percentage of 

viability that was maintained in the exudate cells when handled by the 

described method, the neutral red vital staining technique tiaS utilized 

(Cowdry~ 1952)Q Viability counts were made on two separate exudate pools. 

In the first exudate pool, 300 exudate cells were counted on two slides 

and 75 per cent were classified as viablee In the second exudate poo12 

500 cells were counted~ one hundred on each of five slides. '. Seventy­

eight per cent of the 500 cells counterl were classified as viableo 

One week following inoculation of the organisms, peritoneal 

~ldates from one group of 4 guinea pigs and one group of 6 guinea pigs 

were collected and pooled. A volume of 0,,95 m1 of packed cellls obtained 

from the pool of four exudates and a volume of 1025 ml of packed cells 

from the pool of six exudates. The cells were ~nediately transferred 

as previously described to recipient guinea pigs 0 Twenty four hours after 

transfer of the exudate cells" two recipient ardlllals were skin tested with 

both the heat killed whole cell antigen and the polysaccharide Q No reactions 

above that also observed in control guinea pigs were observedo 

Two weeks after injection of the sensitizing organisms, peritoneal 

exudates were collected from 15 guinea pigs. The exudates were grouped 

into three pools of the exudates of five guinea pigs eachQ A packed 
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exudate cell volume of Oo5~ Oc5~ and 107 ml were obtained from the three 

respective pools. 

The two guinea pigs having received the 005 Inl of packed cells failed 

to respond to the intradermal injection of the heat killed Schu A suspension. 

However l the recipient guinea pig receiving the 1.7 ml volume of packed 

exudate cells developed an erythematous area 12 rom in diameter with central 

vesiculat ion. 

Three weeks after injection of the sensitizing organisms 9 peritoneal 

exudates were collected from eight more guinea pigs in two pools of four 

exudates each. One exudate contained 0,,2 ml of packed cells and the 

second 0.6 ml of packed cells. The same procedure for transfer of exudate 

cells and skin testing of the recipient animals was followed. The normal 

guinea pig which received Oe2 m1. of packed cells developed a slight 

erythema measuring 5 rom in diameter 24 hours after skin test with the heat 

killed Schu A suspensiono The guinea pig having received 0.6 ml of pack­

ed cells developed an erythema measuring 12 mm in diameter l 24 hours after 

skin testing with the heat killed Schu A suspension. 

An attempt to transfer sensitivity at four weeks following injection 

of JaP4 organisms, using an exudate pool of five guinea pigs that yielded 

0.8 ml packed exudate cells was also successful. Twenty-four hours 

after skin test with the heat killed Schu A cell suspension9 the recipient 

guinea pig had developed an erythematous zone 13 nun in diameter 3 with 

central necrosis. These same recipient guinea pigs were also skin tested 

with the polysaccharide at the time they were skin tested with the heat 

killed Schu A sus pension 0 None of the recipient guinea pigs developed 

a positive reaction to the polysaccharide. 

In all experiments normal controls not ha~ing received exudate 

cells were skin tested in the same manner as were the recipient anin~so 
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The usual response of the control guinea pigs to the intradermal injection 

of the heat killed suspension was an inmlrated area measuring 3 mm to 5 rom 

in diameter e Intradermal injection of polysaccharide resulted in a slight 

erythema of 3 rom to 7 rum in diametera When skin lesions were observed 

48 hours after injection of the antigen, it was found that the positive 

reactors had only a slight decrease in the size of the skin reaction while 

the cutaneous response of the control animals and negative recipient guinea 

pigs had decreased markedly and in many cases was not detectable .. 

Ho A Stud! of the Persistence ~f Tularemia Complement-Fixing and 

Agglutinating Antibodies in Pasteurella tularensis Ch~lenged 

Rodents. 

The antibody response of 100 deer mice, 21 Ord kangaroo rats, and 

24 desert wood rats as a result of challenge with 103 Past" tularensis 

strain JaP4 is summarized in Table 16" 

The serological response of deer mice was based on analysis of seven 

pools of sera each representing 10 mice, whereas the results reported for 

the Ord kangaroo rats and 'food rats are based on titers of individual 

serum samples4 The complement fixing and agglutinating titers of deer 

mice reached a peak of 1:1280 and 1:320 respectively three weeks after 

challenge. Both types of antibody titers decreased at about the same 

rate until both were 1~40 at 25 weeks. The agglutinin titer became 

negative by the 31st week while the complement fixing titer remained at 

1~40. By the 48th week the complement fixing titer was also negative. 

The complement fixing and agglutinin titers of Ord kangaroo rats 

varied markedly from those of the deer mice. There was no complement fix­

ing titer over 1:64 at any time following infection. Complement 

fixing antibodies could not be detected 3 weeks after challenge, but were 
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TABLE 16 

The persistence of agglutinin and complement fixing antibodies in deer mice~ 
Ord kangaroo rats and desert wood rats following challenge with 103 Pasteurella 

tularensis JaP4 cellso 

Time in Deer micel Ord kangaroo rats Desert wood rats 
weei<:s Agglutinin Complement Agglutinin Complement Agglutinin Complement 

following titer2 fixin~ titer fixing titer fixing 
challenge titer titer titer 

1 40 

2 160 640 

3 0(1) 
320 1280 320(1) 0(4) 

640(2) 

4 160(1) 40(1) 
640(3) 80(2) 

160(3 ) 

7 160 160 0(2) 16(1) 
32(2) 20(1) 24(2) 
64(2) 160(3) 40(2) 

40(1) 20(2) 
80(2) 40(1) 

160(2) 80(2) 

12 80 

18 160 20 320(1) 0(2) 0(1) 0(2) 
640(2) 16(1) 40(2) 16(2) 

1280(1) 64(1) 80(2) (1) 

25 40 40 20(1) 0(4) 0(3) 0(2) 
80(2) 20(1) 16(1) 

320(1) 32(1) 

31 0 40 

40 0 0 160(2) 0(3) 
320(1) 32(1) 
640(1) 

48 0 0 

53 0 0 

lEach deer mouse titer represents a pool of 10 serum samples o 

2Titers shown as the reciprocal of the highest serum dilution agglutinating 
~o tula.rensis antigen to +2 or greater. 

3Ti ters shown as the reciprocal of the highest sElrum dilution showing 50% 
lysis of sensitized sheep red blood cells. 

()Numbers in parentheses indicate number of serunl samples with indicated titero 
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detected by the 7th weeke The agglutinin antibody response was compara-

tively higher. Agglutinin titers of 1:320 or greater were detected in 

individuals at each time period of sampling up through the last sampling 

at 40 weeks. Both types of antibody produced by the Ord kangaroo rats did 

not demonstrate any marked peak titer, but maintained a fairly constant 

level over the 40 week period. 

The desert rat produced an antibody response similar to that observ­

ed in the deer mouseo Peak titers of 19160 to 19640 were reached 3 weeks 

following challenge and gradually decreased to titers of 1~32 or below 

by 25 weeks. 
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v 0 DISCUSSION 

A characteristic cutaneous reaction on following intradermal injec-

tion of Past. tElarensis, heat killed Schu A cells, has been observed in 

separate groups of five species of wild rodents previously challenged with 

Paste tularensis organisms of attenuated virulence. The characteristic reac­

tion observed here was unlike that previously reported by Tumanskii and 

Kolesnikova (1939) with species of Citellus_ ~urus, pricetY!, Alactaga. 

and Microtus. These authors trapped 123 rodents of these species in an 

area where there was an active tularemia epizootic in the rodent population. 

Eleven positive reactors were observed following intracutaneous injection 

of 00 1 and 002 m.l containing 25 to SO million heiat killed Pasts. tularensis 

organisms.. A positive reaction was described as erythema and edema lead-

ing ultimately to ulceration when observed from the under side of the skin. 

The difference in the reaction of the rodents reported here and that re­

ported by Tumanskii and Kolensnikova (1939) may have been due to variation 

in the response of different species~ antigen preparation~ method of 

injection of the antigen and/or volume of antigen suspension" 

In the study of the serological response of various rodent species 

following challenge with Past, tularensis. some marked variations between 

species were found" Deer mice and wood rats were observed to develop an 

agglutinin response of similar magnitude and persistence. The Ord kangaroo 

rat~ however, developed one or two-fold greater agglutinin titers and maiu= 

tained these high titers for periods of at least 40 weeks. The agglutinin 

titer of the deer mouse was negative at 40 weeks~ and the agglutinin titer 

of tb.e wood rat was 1:20 or below at 25 weeks .. 

All rodent species produced complement fixing antibody titers of 

similar levels except deer mice which produced slightly higher titers the 
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first 7 weeks following challenge. Low level complement fixing antibody 

could be detected in deer mice" Ord kangaroo rats, and wood rats,31; 40" 

and 25 weeks respectively" following challenge. 

It is evident that in the serological tests for Pasta tularensis anti­

bodies in these species" complement fixation procedures would add little to 

information obtained from the use of tube agglutination methods 0 The use 

of the skin test in supplenenting the agglutination test would possibly be 

of value in that the test animals remain alive to be used for further 

studies. 

The relation of serological response to the expected life span of 

these rodents is of particular interest. The approximate life span of the 

deer mouse in the field is 36 to 40 weeks; of the wood rat 72-80 weeks; and 

of the kangaroo rat 64-72 (Vest" 1959). Assuming tularemia infection occur­

red while the rodents were young" it is interesting to compare the expected 

life spans to the persistence of tularemia antibodies and cutaneous sensi­

tivity. It appears that the complement fixation test and the skin test 

could detect past Past. tularensis infection in the deer mouse through-

out the expected life span of this animal.. The agglutinin' antibody in the 

deer mouse may become undetectable during this period. In Ord kangaroo rats 

which have recovered from Past o tularensis infection the complement fixation 

test appears to be of little value" while the skin test is adequate to de­

tect past infection for most animals tested through half the rodent's 

expected life span. The agglutination test is apparently superior to the 

other tests in detecting past Past, tularensis infections in this species. 

In the wood rat, retrospective diagnosis of tularemia by complement fixation 

and agglutination tests infection would be difficult beyond a third to one­

half the rodent's expected life span. All skin tests of Past, tularensis 
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recovered wood rats were positive through a period approxinmting one third 

of the animal lls expected life span" 

The results of the study of 181 rodents trapped in an area where there 

was a known tularemia outbreak in the rabbits mllSt be interpreted with care. 

It may be stated that the rodents tested were probably not involved in the 

tularemia outbreako Whether or not» in general ll rodents were involved would 

still be of question" It has been suspected that rodents sick of tularemia 

would remain in their burrows until death" Stoennera (1958) has indicated 

that tularemia is uniformly fatal for species of rodents that develop 

natural infections, although this point has been questioned by }fa.rchette 

et ala (1961)" Laboratory observations on the virulence of the two strains 

of Past. tularensis isolated from the cottontail and the jack rabbit car~ 

caases demonstrated that they did produce uniformly fatal infections in 

deer mice and wood rats (Harchette et &1 .. 1961)" It may then be assumed 

that if this outbreak involved rodents they may have died in their bu.rrows 

and therefore were not trapped. 

Cutaneous hypersensitivity to Pastll., !!!L~lSis, polysaccharide developed 

to a m.ild degree in guinea pigs four days follolring challenge with .P.".a.,sJ..o 

~ularens~s9 strain Jap4 (Tables 14 and 15)0 This reactivity increased 

with time until peak reactions were observed on the 8th., lOthS' and 12th 

days following challenge.. In contrast,\! cutaneollS sensitivity to the whole 

cell antigen was not detected until the 5th day;) and increased to a maximal 

level by the 8th day" The non-reactivity of some animals at thtJ 10th and 

12th days cannot be explainedc 

The latent period of 4 to 5 days before the development of cutaneous 

hypersensitivity was in general in agreement with results reported by 

Kalitina (1958)" He reported that skin test reactivity occurred on the 

6th day following the vaccination of guinea pigs with the NIIEG strain of 
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Past. tplarensis. The development of cutaneous sensitivity in humans has 

been reported to occur on or before the 8th day following infection (Foshay, 

1934) .. 

It is apparent from examining Tables 14 and 15 that the intradermal 

injection of anti-Past, tularensis serum and subsequent skin testing of 

the site with polysaccharide may be used to detect the presence of Past. 

tularensis antibody. Antibody nitrogen concentration of 0.055 mg could 

be detected by this method in the rabbit and 0.176 rug or greater using 

the guinea pig as the recipient animal. This method could be used to 

supplement studies on the development of the Arthus type of reaction 

following challenge of guinea pigs with sublethal doses of Past, tularensis. 

It is evident from the studies of the cellular transfer of cutaneous 

sensitivity that delayed type hypersensitivity had not reached a detectable 

level during the first week following challenge. This was indicated by the 

inability to transfer cutaneous hypersensitivity with peritoneal exudate 

cells during the first week following challenge with PastL tularensi~. 

When cellular transfer of tularemia sensitivity was accomplished~ 

recipient guinea pigs reacted to intradermal injection of the heat killed 

Schu A antigen but not to intradermal injection of the polysaccharide. This 

would suggest that the whole cell antigen contained a substance not present 

in the polysaccharide preparation that would elicit the delayed type of 

hypersensitivity response o 

Observations of the development of cutaneous reactions following intra­

dermal injection of the Past, tularensis, polysaccharide of heat killed 

Schu A antigen into ~astL lularensi~ challenged guinea pigs indicated that 

this response was similar to the Arthus type of reaction. The similarity 

of the cutaneous response to the intradermal injection of the polysaccharide 

to that of the Arthus type of reaction was supported by the transfer of this 
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reaction to normal animals with serum from sensitized animalso Cutaneous 

sensitivity to intl~adermal injection of the polysaccharide was not tr arlS~ 

ferred by peritoueal exudate cells of the sensitive animalso The cellular 

and serum transfer of cutaneous sensitivity indicates that the response 

elicited by intradermal injection of the heat killed Schu A antigen was a 

combination of the delayed type of hypersensitivity and the Arthus type of 

reaction 0 
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YI. SUMMARY 

Five species of wild rodents native to the Great Salt Lake Basin have 

been found to produce a characteristic cutaneous response to intradermal 

injection of various ~ tularensis preparations, following challenge 

with viable Past. tularensis organisms~ An area of induration was pro--
duced which reached maximal size at 48 hours following intradermal 

injection of the Past. tularensis preparations. Histologically this 

reaction appeared to be a typical acute inflamnatory ~rocess. Cutaneous 

sensitivity as a result of intradermal injection of heat killed Past, 

tularensis cells into challenged deer mice, Ord kangaroo rats, and desert 

wood rats persisted for up to 53, 40 and 25 weeks respectively. 

Deer mice challenged with Br. ~ did not react to intradermal 

injection of heat killed Schu A strain cells whereas reactors were 

observed among deer mice challenged with Br. neotomae. 

White mice, guinea pigs and albino rabbits challenged with Past. , 

tularensis were also observed to develop characteristic responses follow-

ing intradermal injection of various Past, tularensi~ preparations. The 

cutaneous response of the challenged white mice was similar to that of the 

challenged wild rodents. In challenged guinea pigs the cutaneous response 

was one of edema and erythema which was maximal 24 hours after skin test. 

The response of rabbits to intradermal injection of Past, tularensis prepar-

ations was an erythematous area attaining a maximum size 48 hours after skin 

test, 

T'1e occurrence and development of cutaneous sensitivity in guinea pigs 

following challenge with Past. tularensis, strain JaP4, was studied. I~ 

was observed that cutaneous sensitivity may develop 4 to 5 days following 

challenge, Passive transfer studies with peritoneal exudate cells indica-

ted a lack of detectable delayed hypersensitivity duririg the first week 
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following challenge. However, delayed hypersensitivity was demonstrated 

in guinea pigs two, three and four weeks following challenge with the 

JaP4 strain of Past, tularensis. 

A method of quantitative determination of Past. tularensis antibody 

precipitated by polysaccharide was established and used to determine the 

antibody nitrogen necessary to evoke local cutaneous sensitivity to 

Past, tularensis skin test antigens in normal rabbits and guinea pigs, 

Experimental evidence demonstrated that the cutaneous response of 

Past. tularensis challenged guinea pigs to intr'adermal injection of poly­

saccharide was similar to the Arthus type of reaction. It was also 

demonstrated that the cutaneous response of challenged guinea pigs to intra­

dermal injection of heat killed Past, tularensis Schu A organisms was a 

combination of the Arthus type and the delayed type of hypersensitivity 

response. 

The persistence of Past, tularensis complement fixing and agglutina­

ting antibodies in Past. tulareBSis JaP4 challenged deer mice, Ord 

kangaroo rats and wood rats was studied. In deer mice complement fixing 

antibody persisted for 31 weeks and agglutinating antibody for 25 weeks. 

Antibody detected by both tests persisted in Ord kangaroo rats for at 

least 40 weeks., although the agglutinin titers were much higher than the 

comPlement fixing titers. In challenged wood rats, both tests were 

positive in some animals 25 weeks follOwing challenge. 

The relative values of the skin tests, agglutination test, and comple­

ment fixation test to detect P~st. tularensis infection in rodents were 

discussed. 
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