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STUDIKS ON PARTEVRELIA TULARENEIS

F save -u' -

This constitutes a section of the 1958 Annual Report of the U. S. Army
Medical Unit, Fort Detrick. Most of the studies on Pasteurella tularensis
were accomplished as preparatory steps to the conduct of otudies in man, or
as a result of the direct care of accidentally infected laboratory workers.

Practically all aniral studies oa tularemia during 1957 and 1958 were
conducted jointly with Dr. Henry T. Eigelsbach, MB Division, Fort Detrick.
Unleas otherwise specified, he preparad the challengs strains and the vaccine
strains of P. tularensis employed. He has also participatad in the experi-
mental design snd has been instrumental in providing a wealth of published
and unpublished information to us.

The general background on the “viable" F. tularensig vaccine has been
outlined in an earlier document. The accumulation of additional information
hes required a revision of this literature summary. The conclusions reached
therein remain esssntially unchanged but can now be congidered firm. Without
question the "viable" vaccine described in the accompanying reports 1s &
substandard product. However, the results obtained with this pvoduct are
such as to make further development promising.

The 1957 animal exposures were accomplished by Asrobiology Branch
personnel and utilized the conventional techniques of that group. This
permitted initiation of familiarization studies with this infection prior to
completion of our own facilities.
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STUDIES ON PASTEURELLA TULARENSIS

CHALLENGE OF MACACA MULATTA WITH 100,000 PASTEURELLA TULARENSLS
ORGANISKS BY THE RESFIRATORY ROUTE
{Overholt, Hughes, Hormick)

1, PURPOSE

Part I of this iritial pilet atudy was for the purpose of determining the
effect of streptomycin used prophylactically and therapecuticalily in Macaca
mulatta monkeys following respiratory exppsure to 10¢,000 Pasteurslla tulae
rensis cells (streptomycinssensitive strain).

Part II was for the purpose of determining the protection afforded by a
living attenuated P. tularensis vaccine in monkeys challenged by the reapiras~
tory as in Yart I,

11, METHOD

A, EXPOSURE

Each animal was given sodium pentothal intravenously in an amount sufficien
to render it unconscious and limp. The animal was then placed in a Plummer
exposure chamber and cxposed for one minute to an serosol of P. tularensis with
a particle size of 0,7 micron or less,

Exposure methods on October 1, 1957, were identical for tha 20 monkeys
(1! in Part I and 9 {1 Part II). The nominal dose desfred was 100,000 cellsn
per animal; calculated dosages bascd on weights of the animals ranged from

05,500 to 143,000, The average number of organisms per liter of acrugol was
83,500.

Control animals were common to borth Parts I and II.
B, STUDIES AND EXAMINATIONS POST<«EXPOSURE

Studies un all animals included temperatures every 6 hours; physical
examinations every 6 hours throughout the first week, then once daily; weights
weekly; and chest roentgenograms daily throughout the first two weeks, and
thereafter, twice daily for the next two weeks, and once weekly for the sur-
viving animals. The severity of lung disease was claasified as negative or +
to S5+:

+: questionable infiltrate.

1+: minimal infiltrate, diffuse or localized,.

2+: definite infiltrace, diffuse or localized., If diffuse « miliary
or l-cm bronchopneumonic patches; 1{f localized ~ an ill-defined
1 to 2 cm bronchopneumonic patch,

3+: diffuse 0,5sto lscm or welledefined 2=to 3=cm bronchopncumonic

patches.

44: multiple l=cm {nfiltrates or early lobar conselidation.
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Mead call count and differentisl, hemoglobin, hemastecrit, and Cereactive
prctein {ORF) datorminstieons wers parformad dally thoougheut ths first waek,
thaveafter at least once svery two waeks. Sedimentation rates were similarly
parfermnd but the micre~sedimsntation rats determinatfion used tke firai 3 to &
days was feund to be lnsccurate; thurcafter, the Wintrobg mothed was used,
Correctien facters wssd for man wars applied. 3loud cultures were performed
daily througheut the first waek. Agglutinin titers for P. tularensis were done
weskly. Datalled autepsics wars performsd on all dead amimals,

IXI, XART I - BFFECT OF STREPTOMYCIN AS PROPHYLAXIS AND THERAFY
A. MATERIAL

The 11 amimals were randemly distributed by sex amd weight (range 2,25 to
3.95 kg). Thay  were dividad inte three groups: Greup 1 = Contrasle (3),
Group 2 » Prephylsxis (4), sad Group 3 -~ Therapy (4). In the latter two groups
dihydrostreptomycin {50 mg intrzmascularly every 6 hours) was given for 10 days.
In the Prephylaxis group, ths drug was started 10 heurs after exposure, in the
Therapy groeup, after two comsecutive rectal temperatures of 104.5°F or greater.

B, KREULIS

1, Imccbation Period (the time between exposure and onset of fever)
The incubatien periods are shown in Table I,

TABLE I, 1INCUBATION PERIQODS

GROUP HOURS POST=EXPOSURE
1. Controls 40,408/
2, Prophylaxia No illness
3. Therapy . 4,8,50,58,64

a. 1 apparently uninfected.

One contrsl animal did not become infected., TLe monkeys in the prophylaxis
group did not become 1ll. Temperatures are shown in Figures 1 through 3.

2, Physical examination

&. Control Group: With the onset cf fever there was anorexia. By
the second or third day of fever, lethargy, mild dshydration and rapid grunting
respirations were apparent which progressed to death, Two er three days prxior
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to death coarse rales could be heard throughout the lunge but these were
strikingly disproportionate to the extansive radimgrzphic abnormalities and
dyspnes, Thsre was no significant peripharal sderopathy or hepatosplenowmsgaly.
Terminally the monkeys were lathargic, dyspneic, modarately cyanotic, pale, and
lay on the botiom of the cage. One contrel animal was not infected and showed
no evidance of dissase.

»., Frophyiaxis Group: The anismslg yemainsd ssympiomatic and
phyeical exaxinations were nermal,

c. Tharapy Greup: These animals had only mild snorexia on the
first dey of 1illmasz. No physical abnermalities wara fournd, All became
afebrils within 12 te 30 hours after onsst of therapy. Omwe &nimel had & brief
faver on day 1€ dus te & secondary rkin infectien whichk respomded to penicillin,

3. Laboraiory Studies
a. Chest toiatzantﬁtnphic axasivation ahowed (Figuree i ~ 3):

(1) Centrols; Within 24 heurs of onset of fever, a raticue
latad infiltrate was sesn throwghout &1l lobas. Tris rapidly progressed
through a miliary phass, thance to mul*iple broachopucuwenic patches to aarly
consolidatien which sbacured the hsart and mediastinal shadews.

(2) Prophylaxis: ¥No abunomualities ssen.

(3) Therapy: Radiographic abnormalities appeared butldi& not
increase beyond a reticulated to miliary pheso. They were normsal by the come
pletion of tharspy.

b. Clinjical and Bectariological Studies

In Contrel amd Tharapy groups the total leukocyte count
(Figure 4) usually excseded 20,006/cu ma within 24 hours of fever onset. Mo
Jeukocytosis was notad in the Prophylaxis group. There was terminal leukopenia
in the Contrels, but in the Therapy group thare was prompt retur,. to norma)
levels., Within 24 hours of exposvre and prior to fever, CRP (Figure 5) became
mildly elavatsd iz= 2ll but one of the chzllenged animals. This prodably was
the reszult of non-specific trauma a5 & resuit of exposure, i.s., anesthesia or
handling. In the infected Comtrols ths CRP vemained elevated to death. 1In the
Prophylaxis group it rapidly fall after the posteexposure rise. Imn the Therapy
group there was a reversior to ncar normal at the completion of streptomycin,
The sedimectation rate (Figure 6) bocawes sabnormal within 24 hours cf fever
onset and followed the acute phase of the disease. There was no elevation in
the Prophylaxis group. Bload cultures were positive in ¢nly the two infected
controls. {Figurs 1 = 3). Agglutinin titers (Figwre 7) were not detected prior
to death in infected controls. In the Prophylaxis group twe aniuals developed
low grade titer riges (1:10 and 1:20). In coutrast, animsle fn the Therapy
group devaloped diagnostic titers in the sscend week.

4. Deaths and Autopsy fiadings

A sumsary of autopsy findings is shown in Teble II. Two control
animals died on days 5 and 9 post~exposure. Autopsy revealed extensive

e
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FIGURE &5 C—REACTIVE PROTEINS (100000 CELL CHALLENGE,
STRTHTOMYCLIN  STUDY)
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FIGURE 6. SEDIMENTATION RATES (100000 CELL CHALLENGE,
STREPTOMYCIN STUDY)
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FIGURE 7 TULAREMIA AGGLUTININ TITERS
(10G000 CELL CHALLENGE, STREPTOMYCIN STUDY)
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rey~yellow focal lesions threugheut the lung parenchyma. These modules ware
to 2 mm in sixe, quite firm and contaimad thick cassous material but had act
yet developed intc abscesses. Fibrinovs plaurisy was alss prasent. Hilar
lyzph nodes were enlargsd but comtainsd mo gross lesisns., Remsiming viscerae
ware wnaffected grossly. Oue Prephylaxis group menkey died on day 24 poste
challenge of & non~specific diarrhea; ne evidence of tularemia was found,
Three other animals were sacrificed after 6 te 7 mouths follew-up and showed

no evidence of tularsmia.

TADLE II. SUMMARY OF AUTOPSY FINDINGS 1IN MONKEYS CHALLENGED
WITH 100,000 P, TULARENSIS CELLS
CROUP| MONKEY | X BACT'Y -
Ne. , | ¥t. | Thoracic CONMERT
pay®/)| k& Cavity Lungs Other |Culturs
Con- [148 E.g Adhesions,|Brouchopneusmcnia, [RVL b/ Rlsed: + [Tulzrsmia,
txol |(6) dense, milisry w/cons scuta
fibrinous jgestien, atelec~ '
, tasis, emphynems I
145 P.9 |Same as Szme g8 No, 148 [NVL Bleed: + |Tularemia, i
{(13) Ko, 148 Eya: = acu ;
Pre [162 [2.45 [Fluid & |Brenchopneusemia |[GI: Iri- |Rleod, Plarr !
phy- [ (23) adhesions, |w/congestion & chomgres | lung, & :
laxis bilataral |atelectasis syet «
156 .15 |Adhesions, |Broachopnewsonia, [ NVL Blsed, [Twlaramis,
(10 fibrineus |miliary, lobar, lung, & j[acute
/) w/congestion & spleen: +
. atelectesis
127 .0 |[Adhesion, [Atelectasis & VL 1)} y Sacrificed
_{%781 L. small jemphysema dey 1
Thera$l43 W |Adkesions, [NVL HVL ND Sacrifice
py | (199) few, bi~ day 199
lateral
146 [.6 |Adnesions,|Mites Mosen- KD Sacrificed
(209) left tery: day 209
parasitie
. tumoxs

a. Day post<challenge of autepsy.

b. NVL indicates no vimible lesions.
€. Day moBtereckallenge,
d, WD indicates no data.

C. SUMMARY (Table III)

Monkeys exposad to appreximately 160,000 P. tulerensis cells (SCHU 84) by

the respiratery route bacame i1l within 40 te 64
died days 5 and 9,

s. Two imfected controls

Straptemycin begun 16 hours after sxposurs preveated
clinical and lsborstery evidencu of illxness.

Streptemycin given 6 te 12 haurs

after onzet of illnaas presptly contraolled fever, x-ray svidence of disesass,

and abnormal CRP, sedf{wentatisn rate, and leukocytssis.

Biegaostic agglutinin
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titars were noted only in the Tharapy group. There was ne clinical or laboratoery
evidence af relapss im animels given dihydrostreptomycin.
TABLE IXI, SURARY GF RESULYS OF STREPTGRMYCIN TEKEAPY AMD
FROFRYLAXIS IN YWLAKENMTA IN MOMXEYS (100,000 cell doase)

AGGLG~ . BRUG
GROUP TININ [BAY POST~ (MAXI= -* IANRNENAL (RLOOD |Reuzs [ DAY
_5_/ IKKY [TITER jexposurs |MIM WEC |CKP| KSR [CUL~ |Pest-| OF COMMENT
Ko, Om- |Afeb~ |SEVE=~ > 20,000 > 10 [TURE |Expo=~ [DEATH
; i ¥y d : rax~  |sure
175" S B e SR S B AR 3 SRR T T
i“ 0‘/£0 2 5 5+ + + + + [Kema 5 |Twularemia
49 | 0/0 2 S 54 + + + + |Kome 9 iTal a
-—T‘m‘ ‘ﬁ,‘o - - <@ L] - - - q. ::' - —w.i-_-
150 | 0/10 -~ - - - 4 - - 10 ~ |Rechallwmged
156 | 0/0 - - - - + - - 10 » |Rechallsnmged
162 % - - - + + - - 18 | 24 _|Diarrkes
3 [134] 0 2 4 1+ + + - - 48 » [Rechallenged
143 | 6/2560] 3 4 2+ + + + - 70 -
146 | 0/320 | 2 5 + + + + » 76 -
147 1 0/326 | 2 | 3 |1 - + 1.+ ] = |48 - T'l.at:lulhgnd
RECEAL WITH 3,000 cellm
51320 [ 3 | w [+ | + | = -
2 |156 | o/ 2 9 S¢ B + + | + [Wone 9 |Tularemia
3 |[134 pz20/2560| & 8 24 mw - - - “
3 1147 p208/5120/ 5 22 3+ ND + + - -
RRC WITH (/] cslls
19 5120 15 3+ D _ + + + __[Hens -

a. Greups ars (1) Cemtrols; (2) Presphylaxis; (3) Tharapy.
b. H]

Zschallenge

Four monkeys wors re<axposed by ths respiratery route ts a mominal

3,000 organism doss of P. tularensis feur weeks after tha abeve challssge.
(Figure 8) '

Two of thuss animxls (es. 150 and 156) wexe in the Prophylaxis greup.
Basa-lize agglutimin titers at rechallesge were 1:10 and ¢ respectivaly (Figure 8).
Reth bccamp 111 ex tha third day after ths szecond exposmre. Ko. 156 died on the
9th postechallengs day; ths otkar remsined fobrile for twe wesks amd recevered.

Twe meukeys (Nos, 134 and 147) from the previcus Tharapy greup wers
rechallerged. Oxs remainsd well; the other had a low grade fever for twe days.
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FIGURE 9 TULAREMIA AGGLUTININ TITER (100000 cELL
CHALLENGE, VACCINE STUDY)
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Monkey Ne. 10, a control monkey which initially had not be
infected, on rechallenge with 20,300 organisms had a gevere febrile i1
issting for 10 days (Figure 8).

E, CONCLUSION

This study suggested that prophylactic streptomycin so effectively arrests
the tularemia infection and the host's immunity response that on rechallenge
these animnls rezpond as controlas. In contrast, aaimsls receiving therapeutic
streptomycin 6 to 12 hours sfter onsat of illness, acquire significant lomunity.
This is shown by high convalescent titers after initial illnees and mild or no
illness on rechallenge one mapih later (Figure 8).

The previously uninfacted contrul on rvechallenge developed typical illness
with positive blood culture.

I1I, PART Il = EFFECT OF LIVING VACCIME IN TULAREMIA IN MONKEYS

Details concerning the vaccine employed are given elsewhsre in these
reporth. It wac a suspersion of viable attenuated P. tularensis.

A, METHOD

The nine monkeys used were randomly distributed by sax and weight
(range 2.45 = 4.45 kg). They were divided into threz groups and yvaccinated
twg months prior to expoaure: Group 1 = Subcutangous vaccinatisn (1 _ml of a
107 dilution), (3), Group 2 ~ Subcutaneous vaccination (1 ml of a 10° dilutien)
(3), and Group 3 ~ Scratck method (3). 1In the last group the method used was
ubrasion of the gkin by scalpel and spplication of two drops of a 10° dilution
of vaccine; two failed to develop tulavemia agglutinin titers and were re-
vaccinated using a multiple puncture meth¢d two weeks pre-sxposure. Groups 1
and 2 had pre-exposure agglutinin titers of 1:160 te l:(4); Gresp 3, 1:20 to
1:80 (Pigure 9).

B. RESYLTS
1. {linical observetions

The incubation periods sre shown in Table IV.

TABLE IV, INCURATION PERIODS

GROUP HOURS POST~EXPOSURE
Controls 40,40
1. vVaccine 107 s.c. 52,60,79
2. vaccine 108 s.c. 52,70,94
3. Vaccine 109 scratch 40,46,58 :
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Temperatures for the three vaccine groups are shown in Figures 10 and
11. 1In the three animals surviving from Groups 1 and 2, fever lysed between
the 9th and 15th deys. In Group 3 one animel survived, fever lysing by the
1ith day.

Op physical examination aniwmsls dying exhibited similsar findings to
those found in Controls, Surviving znimals in all groups appeared as ill as
those dying; however, with the return of the tempsraturs to normal there was
prompt clinical (mprovement., Ona animal in Greup 2 by ths 90th day developad
R suppurating cervical lywsph noda from which P. tulargasis was iselated,

2. Laboratory Studies:

Chest rosntganographic examination showed similar invelvemant and
comparable progression as the Controls (Figures 10 and 11), Of the four
survivors, ona developad multipie cevitation throughout all lsbes by the 28th
day and vas sscrifficed. The remainder were focllowed for 90 days; thore was !
gradual clearing teo what appearad to be glight fibrosis.

White bloosd counte (Figure 12) showed leukeocytssis cemparable to :
that found in Controls; CRP (Figurs 13) and sadimentatiom rate (Figurs 14) ‘
ghowed simil.r treads. Im surviving animale, thess abrormul findings had |
returned to normsl by the end of the acute phase of dissazse or shortly after. !
The agglutinin titers are ghown {n Figure 9, 3leod cultures were negative in i
surviving animals and positive in 3 of 5 which died (Figurcs 10 and 11).

3. Deaths and Autepsy Findings
Deaths occurred between 5 and 15 days post-exposurs,

Autopey findings in these monkeys were similar to those of Comtrols
(Tabia V). NRowever, there was one vaccinate (Monkay #138, Group 1) that died
on 15th day postechallenge and had hepatic, brain and probsbly splenic inmvelve-
ment plus tha usual pulmonary lesions. Although the suzviving animale were
clinfcally well at the time of sacrifice, thera were residuad of pravious tula-
remia infection, Monkey #130 (Group 1) was sacrificsd after onc wmouth bacause
of x~ray evidence of extengive cystic puimonary lesions; theas wers 5 te 7 mm
in dismeter with a gray-tan fire tissue surrounding the cavity. The mucoid
material in the center of these lesions appearad tranialucent. Smaller,
grey-yellow, nodular lesions were also presant. Momkey #163 (Group 2) developed
a draining axillary lymph node 3 months postechallenge which cpntained P. tuls-
rensis. At autepsy he had a paravertebral abscass due to tularemis. Tha

renaznins two animals sacrificed at 7 monthe had only plevuval adhesions after

having had extengive pulmonary involvement.
C. SUMMARY (Table VI)

Monkeys vaccinated with viable P. tularsosis aad then exposed to
approximately 100,000 virulent cells became i1l within 40 to 94 hours. Five
vaccinated animels died between 5 and 15 days as compared to 5 and 9 days in
centrols. There was mo apparent difference betwean controla and vaccinates
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FIGURE 4. SEDIMENTATION RATES (100000 CELL CHALLENGE,
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TABLE V., SUMMARY OF AUTOPSY FINDINGS IN MONKEYS CHALLERGED WITH 100,000

&+ IULAREWSIS CELLS

FATROLOGY WCTY
Tapracie COMHERT
Cavity lames g#r Culiure
'Adbagiean, | Breschopusumenia,]| AVIE Bleed: + |Tularemia,
donsy, niliary w/ocon~ acute
fibrincus |gestien, atelecs
tasie, emphyaema -
Bama as Sk o5 Ne, { VL Bloed: + [Tularemix,
. 148 Rye; - acute
siens, | Brovuchepusunoxia, | 3plenn; Sloed & |Cerebral
£ibrimeus (milliary w/cesun= cons eysi - abscess
gestisn, atalac~ |gsated
tasin, emphysema [iivar:
ALY Y
+75 [Bamg 2 Sxms as Mo, 1561 [Liver: loed &
(15) No. 161 cem- ey ~
geatad
L. nades:
sularged .
m-rr.rm..m, Yronchepmewmonia, |[¥edia. L |Bleod, |daerificad
(29) denee. miliary w/cevi= Inodez: woe)lusmg, day 28,
£1byinous |tatien larged splesn, |Climically
atc.: = |well,
Vace Y75 B.78 mum, mh’mu-nu, Liver: i!ﬁl + Aremis,
el () dause, |miliary w/con~ congssiad, (Eyu: « acute
10 fidrinons |gastier, atslec- |Madia, L,
a.c. tasis acdas; 4
ar
.1 |Abscazs, |Drenchepmsumoni: |Peritenl~ |B1eed & |sssrificed
(127 .| subpleural tis unre~ |Lungt -~ [dsy 127
lated y.edy &

PRETaver~
tebral '
58
.0 |Adbesiez |WVL Intestie | NDE Tiularenis,
(211 sal pera- chronic
S—— siten
Vacs 3 {adkealeus, | Brenchopassmsala,|Hedia, L. [Sload: + |Tulsvenla,
(€)

eigg scatteved, ! miliary w/cers nodes: Kye: = scuts
10 Sibrinous lpescton o leslegsd | |
Scratch [166 2.5 |[X¥L S8ans sa Ne. 140 [MVL E & Tulavemia,

i
= - aTrew O
FAN LY

i) Kys; = acute
Pari- '
ekrdial

e fluid; +
1 [v.0 |Adhesiens |Mites WL ¥D Sacrificed
(211} day 211

a, Day pul:-:hallcm ef autepsy.

b, XV icaten no visibls lecisns.
c. X0 indicates n» data.




with respect to infectivity, incubation period and severity of the acute
disease, The mortality rate for vaccinates was only 55 per cent. Surviveors
showed evidence of a prolonged infection,

TABLE VI. SUMMARY OF RESULTS QF VACCINAYION OF MONKEYS WITH LIVING
ATTENTUATED VACCINE CHALLENGED WITH 100,000 CELLS
Ilinegs not treated,

AGGLU-
GROUP {MON< TININ DAY POST- IMAXI- ABNORMAL | BLOOD | DAY
£/< KEY | TITER EXPOSURE |MUM WBC CRP | KSR|CUL~ OF COMMENT
No. | Base On~ |Afab« | SEVE~ |> 20,000 > 10 TURE | DEATH
Peak get [rile [RITY +0r=
Con- | 10| 0/0 - - - - + + - = |Rechsllenged
trol {148| 0/0 2 5 5+ + + + + 5 |Tularemia
1491 0/0 2 ] S5¢ + + + + 9 {Tularemis
1 J130] 40/160 ] 2 | 14 5+ + + + - ~ |Sacrificed 28
16116407320 | 3| 13 4+ + + + - 13 |Traumatic
- 1138] 80/20 2] 10 5+ + + + + 15 ITularewia
2 132]640/1280] 3 9 5+ - + + - -
163|160/2560] 4 | 9 | 3+ + + ]+ - - [L. node + 902/
173]160/80 2 8 S5+ + + + + 8 iTularemia
3 11 20/2560] 2 ] 10 5+ + + + - -
166 40780 2| 12 5+ - + - - 12 [Tularemia
140 so/S/| 2| 5 | s¢ + + 1 +] + 5_|Tularemia

a. Groups are (1) Living vaccine (s.c.) 10° diluticn July 31, 1957;
(2) Living vaccine (s.c.) 108 dilution July 31, 1957;
{3) Living vaccice (scratch method) 10° d{lution July 31, 1957;
and for Monkeys 166 and 140, same material (multiple
puncture mathod) September 19, 1957.

b, P. tularemsis isolated from lymph node on 90th day post-exposure.

c. ND indicates no data.

1V, _CONCLUSIONS Parts 1 and II

(1) Dihydrostreptomycin was highly effective prophylactically and thera-
peutically in preventing and centrelling infection in M. mulatta monkeys
exposed to a high dosage of P, tularensis, and (2) Living P. tularenniu vaccine
was effective in reducing -nrtality in disease resulting from a high azrosol
challenge dosage of virulent organisms.
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STUDIES ON PASTEURELLA TULARENSIS

LIVING VACCINE AND TETRACYCLINE THERAPY EVALUATION 1M MACACA NULATTA
AZROSOL CHALIEXGED WITH 60,360, 3,060, AMD 356,000 CRLLS
(Overhelt, Kigalsbach, ﬁnrnlck, Nughes)

1, INTRODUCTION

The purpose of this study was to evaluste a livipg-stteszusted vaeccins for
tulavemia in Macaca m:latte monkeys exposed to varying dcsss of Pasteurells
tularensis, SCHU & strain (particle sixs 9.7 f or lese) by ths respizacory

Toute and to examins therspeutic effact of tatrscyclinms,

This was a cooperative study with Bacteriology II Brameh, XB Divisien.
Ths nominzl dose rangs vas 60, 300, 3,000, and 30,070 cells pexr animsl. The
untreated animal greups vere obaerved by MB Divigica perssnnel, treatad
apimel groups wers observed by Masdical Unit pargennsl, All animals were
anssthatined and expoced by Acrobiology Division as in tha previeus astudy.

II, MA

The ninety=-twoe nonluyl usod in this study vere diatributad in groups as
shown in Tsble I.

TARLE 1. DOSAGE A¥D NUMBER OF MONKEYS IX RACH GROV®

-

DOSE CONTROL LIVING VACCINE |PUENOLIZED VACCINE
CELLS TOTALS
No Bx Tharapy | Mo Rx Tharapy o Rx Therapy
60 8 4 8 0 6 0 26
300 ] 4 & ¢ 7 0 27
3,000 1 8 0 7 0 & 19
30,0090 1 .8 ) 7 it - @ .0
TOTALS 17 24 16 14 13 3 92

Vaccinations (described elsewhsre) were performed approximataly sne moénth
prior te challengs. Liviu-vgccinl (LV) was given by applicatien of twe drops
of a suspension comtaining 107 organisms/ml em the skaved skiy of the iutrze
scapular area utilizing multiple puncture techniqua, Phenslimedevaccine (PV)
was givan subcutsneously, 0.5 ml on each of thres succesaive days.

Therapy consisted of 125 mg of tetracycling hydrockloride, pediatric syzup,
every six hours for 7 days, then 125 mg every eight hours for an additionel
week for a total bf 14 days. The drug was administered through & polyethyleas




2

infent feading tubs whichk had been inssrted inte tha stsmack, Thorspy wes
started after twe successiva temparaturs reading of 104.5°F (ructslly) er z
single elevation grester than 106.0%,

Animals were expased sn Gcteber 29, 1557, Therapy monkeys were observed
for 163 days. Thareafter they were used for other studies. At autopsy, they
were chacked for-tularswic lasisns,

STUDIES AHD EXANINATIONS

Treated animuls ware evaluated as follows: Rectal temperaturas were taken
every ¢ hours during the first week, avery B hours during the second week, every
12 hours for tha third and fourth wesk and ence per day for the following twe
months. Fhysical axaminctions werc pexformed daily. Chast x~rays were obteinsd
avery othar day during ths first wsek, twice during the secosd week and waakly
for the fellewing six weeks, rsud thereafter at 2 to 3 wsek intervals, X-rays
wers gradsed as in the previows study. White blood cell counts, differemtial,
hemoglobin, hematecrit, sedimentztion rate aud Cexsactive protein (CRPF) wexe
determinad twice waekly durimg the first weak and weskly thereafter. Blocd was
drawn for cultuxe on days 1 and 4 pest-exposure., Agglutinin titars (as de~
acribed eloswhexs) waxe obtainad weekly for the first six weeks, thereafter at
least monthly. All animals thai died were autopsied.

Animals evaluated by XB Division were follewsd by chest x-zay and agglutinim

titers as above., Tempsratures were obtained twice daily, Blood culturss wars
obtzined weekly for 6 woeks.

I1I, RERSULTS
A, 60 ORGANISM GROUP (12 cesmtrgl, 6 FV, and 2 LV msnkeys)

Weights ranged from 1.4 to 4.3 kg. Morbidity and moxtality rates ars skewn
in Table II.

TABLE 1I, MORBIDITY AMD MORTALITY 60-CELL GROUP

_—
MORBIDITY MORTALITY
Na. % Noe. T %
Centrols 4/12 33 2/3 66
Phenolized«Vaccine 5/6 83 2/5 40
Living=Vaccine 4/8 50 0/4 0

a, Untreated.




The incubation peried ramged from & te 5 days, with twe excepiiens, twe IV
momkeys developad fever ar 27 amd 31 days. Fever wvas of shorter durstiom in
the LV group thaw the PV grsup and contrels (Figuxes 1=3). CRPF and sedimame
tatior rate were likewisze abnormal for a shartur pariod of time in this greup
(Figures 4 and 5).

Gf three infected control monkeyz, two had positive bleed cultures and
died. Of the 5 FV monkeys that becase 111 only omc had a pesitive culture and
died. Of the 4 LV monkeys infected, ome kad z poxitive culture but did mat
die. All arimals with short imcubaticn perisds develepad resngzuograpkic
changes at about the game time,

Prechallenge tularamia ugglutinin titars for all vaccimsted znimels Tangsd
from 1140 te 11160 (Figure 6). Titers om gousvaccimatsd infucted smimels
showed & xisze by the second week of iilmesx and rescksd & pauk lavel {n tws
survivors at 4 and 9 weeks, ranging from 1:328 te 1:2560. The respomes in both
vaccinated groups was delayed in comparison to tha centrsl. Two centxel menkeys
wara thought to have xubclinicxl axperiance with tulazemis om the basis eof
ggglutinin titers of 1110 and 1126 which appeared durimg the third week., Thay
failed to davelep any febrils illnssa. o

One contrsl sninsl was traated with tetracycliawn, beceming afsbriis witkin
12 hsure; thers wao no evidence of pulmsmary iavolvemsnt. Abnermal CRP amd
sedimentation rate wers pramptly controlled., Ax 8«fold titer riss occurred by
day 20; there was no relapns.
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FIGURE 4. C-REACTIVE PROTEINS (60 CELL CHALLENGE).
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B, 305 ORGANISM GROUF (12 comtrel, 7 PV, and § LV msukeys)

Weights ranged from 1.4 to 4.0 kg, NMorbidity and mertslity rates ars skows
in fabls IIX.

TABLE III, MORBIDPITY AND MORTALITY 300-CELL GROUP

TOLARENIAY
MOREIBITY MORTALITY
Ne, % Ke, %
Contrela 9/12 75 5/6 27
Phenelined-Vaccine 7/7 100 5/7 77
Living~Vaceims 4/8 50 1/4 25

a. Uatreated.

Incubation periode were 3 to 5 days with 3 exceptiens, two conmtrels &t 15
and 18 days, and ons PV momkey at 23 days.

Agein faver in the LY monkeys wam of ahort duration, except for tha wne
fatel cass, vken compared with umtreated comtrels aud PV meakeyx (Figures 7-%),
CRP? and sedimentatiem rate revertad to normil at sbeut th: pame tims gs cantrals
(Figurer 10 zna 11).

Eleod cultures wers poeitive in 5 of 6 contrsl momkeys, 2 ef & LV menkeys,
and 5 of 7 PV mankeys. Chest reanxtgansgrams alowed similar changes im a1} thyee
groups as te typez and asvexity ef lemiens,

Pre=challenge agglutinin titers in LV animals (Figurz 12) ramged frem 1:40
to 1:640 and in PV animala, fram 1310 te 1:30., Titers sn contxel memkeys bagam
to rise by the first or sacomd wsek veaching & peak in the surviving twe aaixals
of 1:320 to 1:1280 (> B~fold) LV morkeys skowsd less agglutimin respsnse, 1:640
to 1:2560 (2~ te 6~ fold rises), whereas ths titars of the surviviag FV mbnkeya
reschnd peak titers of 135120 (> S~fold).

Three additionsl umvaccinated menkeys wers trastad witk tsixacycline (Figurs
13). The monkeys wera afebrile withim 18 tc 30 heurs and remzizaed so withsut
evidence of relapse, Chest films remeined nsgative and sbosrmal whits blood

cell ceunts (Figure 14), CRP, and sedimentation rate were promptly coutrelled
(Figures 10 =nd 11),
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FIGURE 10. C-REACTIVE PROTEINS (300 CELL CHALLENGE)
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€. 3,680 OEGAXISM CROWP TREATED (8 cemtrels, & P¥, and 7 LV meakeys)

Heighte rangad frem 1.4 to 2.6 kg. Merhidity and merislity rates are
given {n Takle IV. All animsls were treatad with tatracyeliss.

TABLE 1V. MORBIDITY APD NORTALITY 3060<CELL. GROUF (Teeeted)

YTULAKEMIA
MORRIBITY
Ne, % EL
Contrsls 6/8 75 5 0
Pienolized=Vaccine &/& 160 0/4 ]
Livisg=Vaccine 7/7 160 6/7 ] '

Incubation perisds xasged betwosx 2 and 6 days, All animals wars afebriia !
within 24 kours »f omast of therapy (Figures 15¢17)., Witk the exceptien of
anprexiz during the brief fzbrile parisd, physieal findisgs ware mimimal,

Five animals shewed x«vey abugrsglities wo greater thaz 3¢ im severity
vhich rogressed to 1+ o1 lszs or clsaved by ths cengpletism sf thevapy. It
shaiild & noted that 3 3f thees 5 wive monkeys in thka LV grosp. Abmsyaal
wiite blesd cell count (Figuxe 18), Cxrscctiys proteim (Figexe 19) and eadimen-
tation rate (Figwru 20) wars prawptly centrsilsd by tharspy.

Preacihsliienge agginiinin Citwrs ian LY eeakays waie 1120 and 15160 and 1=

W animslie, 1140 to 1186, Titers ea sll isfocted smsmieys begee te riss by the
second weak (Pigure 213, Amowg Cemtrsls, exly feur of the xix fobrils animals
dsvalopad significant titey risss te 1:160 or grestex. Ameug LV menkeys, thexe
were small titer rigus (2+ te 4~ fsld). Im PV uoxmkoys, poak titsxs wera 1:160
te 11549 (4~ te 8« fold). Twe coutrcl animsis were thacght te have ssbelimical
experience witk tularemiz on the basis of agglutinim titscs of 1329 te 1:48,
vhich appearad by the sscend wagk (Figure 215.

Felapis and/ov caapliceticas wers meted only iz the cantrsl prees, foo
animel (Wo. 28) d.n!.md an enlargad carvical lysmph made wilch Buppurztod and
drainud ox day %93 P, was cultursd frem thy susiats. Rsantgaseprams
aed temparsture ramsine » Amsthar animal (3. 33) had 2 fodrile relapse
s day 27 withk 3+ chest xerey findings, abnormsl CRP and sedimsntation rate.

On day 77 zn ealarged muds, om the right feot suppuratsd sad dratwud. The
animal wap sacrificad em day B4 and was the only sxtmal im thix gresp te hava a
positiva celture at autspsy (Table VI).
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FIGURE I18. WHITE BLOOD CELL COUNTS
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FIGURE 19. C~ REACTIVE PROTEINS (3000 CELL CHALLENGE),
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FIGURE 20. STDIMENTATION RATES (3000 CELL CHALLENGE).
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FISURE 2. TULAREMIA AGGLUTININ TITERS

(3000 CELL. CHALLENGE).
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D, 30,000 GROUF THRRAPY (5 contirxols

" Welights ranged frowm 1.6 te 2.3 kg.

given in Table V.

, @ Fv, and 7 LV menkays)

27

Moxbidity and mertglity vatss are

TABLE Vv, MORBIDITY AND MORTALITY 30,000-CELL GROUP (Treated)
TULAXEMIA
MOBBIDITY MNRTALITY
Xo. % e,
Contrels 6/8 75 /6 0
Phenclized=Vaccine 3/4 75 1/3 3
Living«Vaccing 2/7 100 e/7 . .. @

The imcubation peried was 2 te & days,

after .ongst of trestment (Figuras 22-24),

All wsre afebrile withia 48 hsurs
Chest ralss m;u aoted in ouly & fow

monkeys, clearing promptly after start of therspy.

Blght of the 19 animels kad abnorusl reentgozograms; - 6 .t thase 8§ ware
from the LV group. All xe~rays bacems megative with therapy., Abasrasl white
blood cell coumt (Figure 25), CRP (Figure 26), and sadimsamtation rate (Figure
27) returned to nbizel by the complation of therapy. -LV suimels had dasirlima
titers of 1:80 to 1:160, »V monkeys, 1:40 to 14150 (ﬂ.lum 2!) m cemirols

there ware significamer titer riges {8=831d oT wors) 5y the Lhitd week. IV

monkeys demsustrated titexr rises (O~ ts 4efold). Ths surviviag FV amimal kad
a). 10=fold rise in titer. There were tvwo trel amiwsls thought te have sub«
clinical experiencs with tularemia because of 1140 and 11640 titexrs (Figure 28).

During the early phases ¢f the study feur cnimels disd from monespscific
causes. Two were fram the centrol greup ond oms each fryu the vaccimated
groups. Of these, only & centro] enimal dying on day 8 showed lssions of tula-
remia, limited to the luxgs ud.luar nodas,

One penkey (Ro. 56) from the PV ll‘“} skowid ‘an initiel favershls respenss
te 14 days of therapy. Nswaver, the illamzs ralepsad 4 days aftar csssatiem
of treatmant, with fever, 3+ ruutnuzruphic abasriities, ani elevatgd
sedimgutation rate aad CRF. Tho animki died day 39 of uxtensive tularemia,

Autepsiss wers parformsd o= all 3,600 and 36,800 cell group amimals that
died. The mygabars with residual :uhrnu as comparsd te tetale ars sumsarised
in Tsble VI,
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FIGURE 28. TULAREMIA AGGLUTININ TITERS
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TABLE VI, DAY OF AUTCPSY IN RELATICN TO RESIDUAL TULAREMIA {CROSS ADTOPSY)
EXPO- SUB-~ TOTAL | NO. W/GROSS LESIONS W/OR W/0O + CULTURE RESIDUAL
SURE GROUP AUTOP~ NO, AUTOPSIED TULAREMIA
DOSE (Treated | SIES Renge of days poat-exposure
anl 8-18 | 38-64 | 83«121 [ 145-149 | 175-188 |  Number
2,000 | Control 8 1/2 0/6 1
PV 4 0/1 0/3 0
LV 7 0/1 0/2 0/1 _90/3 Q
30,000 | Control 8 1/2 0/4 0/2 1
PV 4 0/1 1/1 0/1 0/1 1
LV 7 0/1 /1 0/1 0/1 0/3 0

a. Therapy: Tetracycline, 125 mg every 6 hours for 7 days, then 125 mg avery
8 hours for 7 days.

IV, DISCUSSION

This entire rum has several purxling features, and the report has bsen
delayed for this reason. Several instances of late ovnset of disease occurrad
at the low dose levels. For example, control animal No. 15 (nominsl 300 cells)
became 111 on day 15 post=exposure, while control animal No. i6 became 111 on
day 18, Twe PV animals (Nws. 61 and 62) at the nominal 60wcell challenge level
became 111 on dayg 27 and 31. A PV animal (No. 48) at the 300-celi level bea~
came 111 on day 23. These lete onsets could represent cross=-infection, but
the animale were handled in & manper identical with that uced for the past
Beveral years; no cross-infection had bean obsarved previously., It may ke
noted that animal No, 15, a 300-cell control, had a positive blead culturs em
day 11, two days prior to fever, Attention {# alse directed to animal Ns, 8,

a 60=cell control, which never bacama 111, but by day 19 had davaleaped a low
level agglutinin titer, While several alternstive explanatiens qian be advancad,
none can ke validated at this time. '

There were apparent "'misses'" at all dose levels in the control monkeys.
Thus, at the nominal 60~cell level, 8 of 12 animals did net develep clintical
disease; at the 300 organism level, 3 of 12 did not shsw clinicel diseasa;
at 3,000, the comparable figures are 2 of 8, and at 30,000, 2 of 8. Further~
more, again limiting the discussion to the contral animals, over alpest a
3elog range of nominal infecting doses there was eszentizlly the same inmcu=
bation period (Figure 25), Finally, at the maximum “dose” used, 30,000
organisms, there was an average incubation period of 71 hours which differs
materially from the incubation period observed in tha previcus study vhan
animals were given a presumed oma=half log higher challenmge. In & rum en &
different exposure device, to be reported later, with a nominal 1,300
organisms challenge, the incubation pericd was 60 heurs, while witk 130,000
organisms the incubation period was 40 hours, miearly e._dosc-dependgnt
relationship,

Prolonged efforts to show any difference in the particular group of
animals used in this study compared to those used esrlier or later have lhesn
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fruitlass., The emlture of P, tularenzis iz belfaved te Rave had suitadls
guimaz pig virulence. The menkays wers hold in twe lﬁpltlt. laborxatories and
chacked by twes different teams, with fdentical resulis. Oae {8 almest feéxcad
te consider that the msthod of exposure may have produced the disturbing
results,

Examination of the exposure records (Table VII) xeveals that cartain
animals, because of the level of anesthesia or for other rsasans, had pesr
reapixation rates. The presumad lew lavsl sxposurss are of particular iater-
est. Animal No. 61 falls inte this category amd did mct becews 11l umtil day
27; animal Na. 38 was likavwise noted ax having & very poor respiratory rats
(the mumerical entry is 2 per minute) and ig not surprising te find that this
wag ona wonkey tkat did nst becows infected, Amimal Xo, 16 was metad te kave
kad shallew breathing and ke did mot develsp siges of clinical ilimsss ustil
day 18. Andmal Kao. 45 had & similar notatien, Ns became i1l sn day 4, and it
may or may not be of significance to note that he was sme of the tws PV amimals
who received the nominal 300 cell chailenge and survived. Tha sthar PV vacci-
nated survivor at this same dose level was Na, 57 and him saxposura shows the
comspnt "psor breatking'.

During this run impinger samples were taken only whsn certain animsls wers
being expoged. A review of animals expesad when lwplugexs wera oparating
showe the following: at the nominzl 60 organism exporure animsl WNe, 2, a
control, was not infected, animal No. 8 never developed clinical dissass but
possibly did develop a late low level agglutimin rise, &mimal Neo. 61 (¥V)
falls into this same group and hag already been noted absve as not having
becoms 111 until day 27, and animsl No, 62 (PV) did not beceme 11l until day
31, Continuing at the nomimal 300 level; animal No. 18 was exposzad at the
xame time as the impinger was operating and became 111 en day 3, animal Ne. 77,
who had received LV, became ill on day 5, vhile animal Ne. 48 vhs kad recaived
PV, did not become il]l until day 23 post~exposure.

1:

The rnnn{rng#l_,nﬂ rets for nll animole we

exposures geveral animals not wentioned absve had a rate of 22 sr less whick
is definitely below the average recorded. Animal Mo. 71 with a rate of 14 was
a LV who showed no signs of clinical illness, animgl ¥o. 58 with a rate ef 22
wag & PV whe did not becemes i1l until day 6. At the 380 challenge level LV
animal No. 73 with & rate of 22 never showed signs of clinical {llnoss, while
PV monkey N6, 41 had an incubatien period of 5 days.
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In shext, of the 27 animsla at these two dose levels who showed amsmsleus
results there are 11 known to fall into the categories descriked abava in
which there was reasen to believe that the dose might have fallon balew the
desired level. At greater nominal exposure dose levels this discrimiuation,
of course, is not apparent, but one is still left without a suitable expla-
uation for the lack of difference in incubation periods at thes varyiag dose
levels.

While it is not possible to account by these methods for all of the odd
results seen in this group of animsle, the asgociation is sufficient te
questien the validity of all dese levels. Somoe monkeys on this run developed

!
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TABLE VII., EXPOSURK RECORDS FOR 60~ AND 380Q+CELL CHALLENGE GROUPS INCLUDLHG
DAY OF PEVEK AND DAY OF DEATH

Paxt A, Rewinal 60 prpanisma/liter -
e | ol AR
GROUR | OF | MON« | RESP/ | WEIGHT Y
pxro- | XKEY | XMIN, g™ COMMENTS or oF
5%5 0, _ FEVER DEATH
Cen~ 3 ~!f &5 T230% Inpinger pulled Mons waa
trol | 17 3 2 2130 Kons now
24 4 34 2225 Nena -
23 5 48 1915 108 man
29 6 31 1815 96 25
12 7 32 1730 84 16 ‘
25 8 46 1560 |Impingex pulled Nona waa
27 |17 50 2605 92 anm
36 |19 30 2565 Moue onn
22 |21 35 1890 Nona new
32 |23 36 1665 Nenc woe
N 26 38 2 Vary psar respiratery rate |(Keme el
W&/ i3 46 40 2350 News e
, 15 |49 23 1869 96 9
| Dead |50 .- - %!nd ~e aen
! 21 |ss 22 1850 156 .
' 10 |59 37 2150 144 28
9 |61 24 1950 |shallow dreatking, Lmpimger| 27 mlﬁ/ vnw
lied }
L1 ez 20 1608 \Impiager pulled 31 amE/  oue b
L=/ 18 65 25 4175 Nacwmm not pulling preperly] 120 e :
11 |66 26 3885 168 nas
20 |67 34 3835 Noue wan
14 |68 23 3210 None mn N
ie 69 33 2755 26 P =
22 |70 29 2548 216 onm
32 71 14 2305 ¥ons o :
31 |72 35 2480 Noxe v

a, PV = phenslized vaccine,

b, LV = living-vaccine.
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and time
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TARLE VII. EXFOSURE KECORDS FOR 60- AND 300~CELL CHALLENGE GH{OUPS TWCLUDING
DAY OF FEVER AND DAY OF DEATH (Continued)
Paxt B, Nominal 30C organisms/liter
ORDER POST EXPOSURE
GROUP | OF MON- | RESP/ WEIGHT HOUR DAY
EXPO- |KEY | MIN. gm COMMENTS or or
SURE | RO. FEVER DEATH
Con- 12 9 43 2735 132 1o
trol 5 10 29 2250 120 —ea
18 11 25 2095 None -
16 12 32 1990 96 12
23 13 30 1900 26 10
11 14 32 1810 Wome |, o--
24 15 23 1705 15 and/ 22
25 16 18 1470 | Shallow breathing. 16 ant’/ 31
27 18 36 12230 | Impinger pulled. 70 -
13 20 k) 1950 72 -
21 22 30 1785 None e
26 24 35 1455 70 cuw
PVE7 6 41 21 1600 120 i3
4 42 27 1800 132 15
2 45 37 2050 | Shallow braathing. 96 cue
1 | 48 | 33 1900 | Impinger pulled., 23 an®/ 42
8 52 25 1500 96 15
7 54 23 2350 84 11
) 3 57 -- 1850 ! Poor breathing, 108 ase
XL 15 73 22 4025 Yens ee
10 74 57 4065 74 ~en
20 75 27 3545 120 o=
14 76 30 2125 Neue ane
17 77 ¢5 2655 | Impinger pulled. 132 wan
19 78 26 2405 i32 56
9 79 33 2345 Nens wam
22 80 27 2103 pon
AVERAGE
WRIGHT 2371

a, M e« phenolised vaccinme.

"B, 1V = livinge-vaccine,

¢, DBay, and time of day.
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tulaxemia while othars did wot. BSizte tha dagrec of sxposurs must be considared
to be unkungwn the sffect of prior vaccination on ths subtcome cannoct be sasessed,
aud ths Tun gwst larsely be discaunted insofar &s any relatienship to challange

dose is cexcermed,

It is clear that in the animals who dsvelepad clinfcal disease and were not
troated that anfimals who had received the living vaccine prior to challsnge were
less lfkely to die than the controls or thoss raceiving the phenelized produrcti.
If the maminal 60 zod 300 challengs groups are combinsd and cengidaratien limited
to those animals wko had incubptien pericds of less than 10 days, the controls
show 5/7 fatalities, the phenolized vaccinates show 6/9 fatelitien, while those
receiving living vaccine show 1/8 fatalities, The animal in this laast group that
disd had onc of tha lewast preechallenge agesiutinin titers (1:40).

Soms i{nferences concerning the responss te tatracycline are parmissable,
since all aniﬁﬂll treated, did, in fact, have tularemis, slthough the infecting
dose cannot be stated., All animsle responded prowptly to tetracyclina. Relapaes
or complications after tharapy waz terminated wers saen in thrse animals, two
controles and ons PV, No sffort was wmada to ratreat these animals,

Fiaally in groups placed on early tharapy there is the suggestien that thoms
previesusly vaccinkted wora more likely to have, or to davelep, rosatgan svidence
of disease when coupared witk centrels placad on therapy at the same time.

Y. EOSCIASIONS
The calculation of an IDsp ox this data is mst warranted azud ne comclusisas
can be reached as to the effectivensss of eithsr vaccins ia praventing diseass.

in the animals who did decome 11l thexs is littls diffaxsuce baiwoan the cone
trols and those previously vesceaiving a phensiizsd vaceine, Ix csatragt, sximals
previsusly receiving a viable vaccise kad a higher suxrvival rats untrsated,

Clinical tularemia {n womkeye can bes adequaiely comtrzllad by tha aurly
initigtion of tetrscycline,




STUDIES ON PASTEURELLA TULARENSIS

MODIFPICATION BY VIABLE VACCINE IN MACACA MULATTA MONKEYS AERQSOL CHALLENGED
WITH 1,300 AND 130,000 CELLS,
(Gochenour, Overholt, Gleiser, Hornick, Hughes, Sills, Byron)

I, INTRODUCTION

This study waa undertaken to examine the effects of prior vaccinatiom with
a living Pasteurella tularensis vaccine cf Macaca mulatta monkeys exposed to an
aerosol challenge of P. tularensis (SCHU 4). It ’iffered from the preceding
study (60, 300, 3,000, and 30,000 cell challengel in several ways: (1) the
animals were not aneathetized, (2) a different exposure apparatus was employed,
(3) a different lot of living vaccine was used, aud (4) tetracycline, vhen
given, was adminiastered at 8-hour intervals for 7 or 14 days. Details of each
of these will be given in appropriate parts of the report, It was hoped that
the short period of therapy would be sufficient for the prevention of relapses
in vaccinated animals, and that a differential relapse rate under these circum-
stances might be used as a measure of the value of & vaccine short of actual
digsease prevention,

II, METHOD

e S
A, ANIMALS

A total of 72 monkeys were used, divided into challenge groups as shown in
Takle 1.

TABLE I. DISTRIBUTION OF ANIMALS

NOMINAL CONTROLS 7-DAY THERAPY 14-DAY THERAFY
DOSE VACCINE NO VACCINE VACCINE NO VACCINFE VACCINE NO VACCINE
1,300 6 6 6 6 6 6
130,000 6 6 6 6 6 6
B, VACCINE
The visble P. tulaxrensis vaccine employed was a lyophilized preparation
prepared January 17, 1558, and designated as Lot Ro. 2, Since that tiss this
same lot of vaccine has been extensively used _in mar and details of the testing
in small animals are given under that section='. The vaccine was administered

to the monkeys by multiple puncture technique 3.5 months prier to challenge.
Small local cutaneous lesions developed unaccompanied by any obvious signs of
systemic infection.




C. THERAFY

Tharapy censisted of oral, unbuffared tetracycline hydrechloride (Lederle),
125 mg every 8 bhours fex 7 eor 14 days, administered by gastric imtubation, and
vas etarted at the tims sf the second temparature of 104.0°C or greater; there
vare feur uniatentional exceptions to this which will be noted. Neo attempt was
sade to re-treat amimais showing clinical signs of digease after cessation of
ths eriginal ceurse of drug.

D, CHALLEKGE

Unanspthetized animals were placed iz imdividual boxes with their heads
exposed, The head was then placed {nto a helmet attached te¢ 2 mpdified P”l‘r
tube, Tha characteristics of this equipment are noted in another report.=
The particle aize and the characteristics of the challenge culture ware identical
to those used earlier. Three animais from different groups were simultapeoualy
caposad for two minutes to an asressl of streptomycin-sensitive atrain of P.
tul ia (SCHU 4); ths expomurs method was repested until 211 72 animals were
exposed. Tha 1,300=cell challenge was conducted on May 15, 1958, ané the
130,000-call challenge on May 16, 1958.

E, S.JDIES ARD EXAMIKATIONS

Rectal texparaturas were taken every eight hours; phyui~il examination was
nade daily. Chest x-rays were obtained three times a week isr twe weeks, twice
a week for tws more weeks, and thereafter weekly. X-ray abmarmal.it'as were
graded as befsre. Corgactive proteim (CRP) determinations wein mads four times
& week during the first week, twice during the second week, and weekly thersafter.
Three monkeys frem each group were bled for blood culture st (800 and 1600 hours
on days 1, 2, 3, 5, 7, and 8, Bloed was alse cultured from certein monkeys with
fevers on days 14 and 15. Culture metkods have been dstailed in an earlier
report ./ Tetracycline blesd levels (kislegical assay) were obtained from twe
monkays from sach therapy group at 16, 24, 48, and 72 hours after initiation of
therapy and on days 6, $, 13, and 16, Serial ssrum specimens for postevaccie
ration sind poutcexposure agglutimin titers were obtainmed. Autopsies were per~
formed ou each animal that died sr was sacrificed.

111, RESULTS
Blesd culture attempts are showa i{n Table II, by exact tims relative te
ensst of fever, The varisus climfesl laberatery fiadings sssentially duplicated

these previously reported and will nat ba discussed.




TABLE IL, ATTEMFTS TO ISOLATE P, TULARENSIS FROM DUOLITE=TREATED BLOODS OF
MONKEYS EXPOSED TO APPROXIMATELY 1,300 AND 130,000 CELLS BY AEROSOL

"DAY | THERAPY|DIFFERENCE BETWEEN
GROUP NIMAL Jd _POST~EXPOSURE FIRST ONSET |FIRST POSITIVE CUL=
NQ. 1 2 3 S 71 FEVER HOURS |TURE & FIRS; FEVER
HOURSS
Lov Dese~1,300 cells, osed Msv 15, 195
1 Vacéine | Tw5 - - + + D' 3 pm None 0
No Rx T~14 - - + |+ +| 2 pom None +168/
T=46 = - + + +! 3 pm None 0
II Vaccine | T-21 - - - - | 2 pm +8 Ne isolatien
7=~day T=39 - - + - | 2 mid +8 +16
T=-58 - - - - - 2 pm +8 No isolation
III Vaccin;JﬁT-16 - ” - - ~1 2pmm +8 No {solation
14=day T~38 - - - - ~| 2pm +8 Ne isclation
363 - - + - -1 2 mid +8 +8
IV No vac= | T=32 - - + + Pl 2 mid None +8=7
cine 347 - - + + +] 2 mid None +8
No Rx T=-8 - + + + D| 2 mid None -16
¥V No vac= | T-20 - - - - - 2 pm +8 No 1lselation
cine T-11 - + + - -] 2 pm +8 =8
7=day Rx T-29 - - + - -] 2 mid +8 +8
VI No vace | T«22 - + + - -] 2 pm +8 =B
cine 358 - - + + =1 3 pm 0 -3
1l4~day 362 - - + - - 3 an +8 0
High Dose~130,000 cells. Exposed May 16, 1958
VII vaccine | T-18 = + + D D| 2 =id Noue =16
Ko Rx 352 - + + + D| 2 am None +8
403 - | 4 + D Dj{ 2 am None 0
VII1 Vacelne | T~1 - -1 -1 - = | 1 mid +B No imoclarion=
7=day Rx T=17 - - - - -1 1 pm +8 No isolation
T~19 ~ - - - - 1l pn +8 No imolatien
IX Vaccine | T-9 w - - - - 1 am +16 No isslation
l4=day Rx 371 ] - - - = 1 pm +8 No isolatien
392 ~ - - - - 1 mid +8 Ne isglation
X No vacs | T~7 =« +] + | D] 1pm ‘None +48=7
cine Te26 - + + + D 1 mid None +16
No Rx 354 - + + D D 2 am None 0
X1 No vace 6G . = = - - 1l mid +R No isolatien
cine 356 - + + - - 2 am +8 0
7-day 73 | « |+ | 4] « ] =] 1mta | 48 +847
XI1 No vace | Tw4l - + - - ] 1 mid +8 +16=7
cine T=45 ~ + - - - 1 mid +8 +8
14=day Rx T=47 - + - - - 2 am +8 +8

a, Mimus sign (-) indicates culture preceded first fever; plus sigm (+)
indicates culture followed first fever.

b. D indicates animal dead.
Preceding sample not obtained,

d., Preceding sample contaminated.




A, 1,300 ORGANISM DOSE GROUPY
1. Morbidity and Mortality
Morbidity and wortslity rates for non-vaccinates (NV) and vaccinates (V)
are showe in Table III. Opne vaccinate falled te become ill and is known not to
have besr expesed due te a mechanical error.

TABLE I1II. MOREIDITY AND MORTALITY 1,300~CELL GROUF

| _MORBIDITY | MORTALITY

GROUP No. % No. %
Centrois Nva/ 6 100 6 10
\ S 83 5 100

7=Day Therapy NV 6 100 w17
\'A 6 100 0 0

14~Day Therapy NV 6 100 1€/ 17
v 6 100 0 0

a., NV - noa-vaccinated. V = vaccinated,
b. Died day 37 ~ tularemia,
€. Died day 25 ~ tularemia.

2, Diseasze Course

Tenperatures, x-ray status, and blood culture findings are graphically
presented in Figures 1 = 6. The incubation period averaged 60 hours with a
range of 58 to 76 hours. There was no difference between vaccinates and
non=vaccinates. Physical examination, in untreated controls and vaccinates at
the onset of fever revealed anorexia and lethargy. Pulmonary rales developed
shortly thercafter, Severe dehydration and hypethermia usually preceded death.
All untreated vaccinates and non-vaccinates died within 6 to 9 days with the
average time between omnset of fever and death being 4.2 days with a range of
2.5 to 6.0 days. In contrast, the non-vaccinates and vaccinates recelving
tetracycline became afebrile on an average of 20 hours after onset of therapy
(range: 8 to 48 hours) and only a brief period of anorexia and lethargy was
observed.

All but two of the infected animals developed abnormal chest roentgeno-
grama, weuslly within 74 houra after onset of fever: the two exceptions were
from the nonsvaccinated, 7-day therapy group (Figure 3). In the untreated
controls and vaccinates the chest films demonstrated rapid progression of miii-
ary te diffuse multiple bronchopneumonia. In contrast, the 7- and l4~day therapy
non-vaccinates and vaccinates, with similar initial lesiong regressed under
therapy. A difference was noted between the 7+ and l4-day therapy groups in
terms of extent of clearing at the completion of tetracycline, {.e., in 7 of 12
animals rxeceiving 7 days of tetracycline (three non<vaccinaree and four vacci=
nates) the x~ray lesions had not completely cleared when therapy was stopped;
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whereas only one of 12 animals treated for 14 days had an abnormal chest film.
Chest films were negative in this vaccinated monkey a week after completion
of therapy.

Blood cultures in the untreated controls and vaccinates were positive
during the first 24 hours of diseasc in the three animals tested from each
group and persisted to death. In the therapy groups positive cultures were
also obtained frxom 5 of & mon-vaccinated and 2 of 6 vaccinates during the
initial phases of and preceding illmeas. The oxganism could not be isolated
from the blood from these animals after 24 to 48 hours of tetracycline therapy.

3. Disease Course Following Therapy

In the r~r-vacrinated 7-day therapy group all animals showed an ele-
vation of temperature approximately four cays after the drug was stopped. The

individual temperature records in the post-therapy period are shown in Figure 7,

There was reappearance, worsening, or persistence of chest x-ray abnormalities
and several blood cultures were cbtained., Although most of these animals did
not appear particularly ill, the pattern is routinely that of a worsening of
infection with one death on day 37.

In the vaccinates with 7 days of therapy the pilcture was somewhat modi=
fied. Temperature elevations were less evident, x-ray changes, less prominent,
if present at all, and in the five animals examined at this presumed critical
period, blood cultures were negative,

In the l4-day therapy group, 3 of 6 non-vaccinates relapsed withip 1
to 4 days. One died after four days of fever and was found to have extensive
tularemia. No contributory cause of death was apparent. Antibiotic bloed
levels were not obtained. The remaining two recovered after a 10~ to l4~ day
febrile illness. Each had reappearance of abnormal chest roentgenograms,
which slowly clesred over the next two months. The temperature pattern after
completion of 14 days of treatment in the vaccinated animals is difiicult to
evaluate. If meaningful at all, it is certainly low grade; more {mportantly,
the chest x-rays remained normal and there were no deaths.

In animal No. 358, non-vaccinated~l4~day therapy, tetracycline adminis~
tration was begun coincident with the initial fever, at which time the blood
culture was positive. Although a second positive blood culture was obtained,
this animal had no more fever and no relapse (Figure 5).

B. 130,000-ORGANRISM DOSE GROUP
1. Morbidity and Mortality

Morbidity and mortality rates are shown in Table IV,
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TABLE 1V, MORBIDITY ANDP MORTALITY 130,000 CELL GROQUP

MORBIDITY MORTALITY

Ny, | % No, %

Controls Nva/ 6 100 6 100
v 6 | 100 6 | 100

7-Day Therapy NV 6 100 i~ 17
v 6</| 100 19/1 20

14-Day Therapy NV 6 100 0 0
e/ 6 | 100 0 0

a. NV - non-vaceinated, V - vaccinated.
b, Moribund and sacrificed day 27.

c. One animal aspirated tetracycline and died 2nd day. This
animal is not included in tularemia mortalicy figures.

d. Therapy begun 32 hours after f{nitial fever. Died day 67
of tularemia,

e. Therapy delayed for 16 hours in two animals - T-9 and 438,

2. Disease Course

Tempersture, X-ray statug, and blood culture findings are graphically
presented in Figures 8 - 13. The incubation period averaged 40 hours (range:
28 to 60), in centrast to 60 hours in the 1,300 cell challenge group. Physical
findings in untieated controls and vaccinates were similar to those €found in
the 1,300-cell chnrllenge groups. Pulmonary rales were heard shortly after on-
set of fever, and severe dehydration with hypothermia preceded death, All of
the animals in the untreated groups died 4 to 5 days post challenge. The
everage time between onset of fever and death was 2.5 days, with a range of 1.5
to 3.5 days. In contrast, treated non-vaccinates and vaccinates became afebrile
in an average of 32 hours (ramge: 8 to 64); however, approximately one-half
of the #nimals in each group had an occasional temperature slevation during
tetracycline therapy.

All but one, a non-vaccinate, had &bnormal chest rcentgenograms within
24 to 48 hours of onsel of fever. 1In the uintreated controis and vaccinates
the initial pulmonary abnormelities were more diffuse than in the lower dose
challenge greupa. In all treatec animals, as in the 1,300-cell challenge
group, the progression of pulmonary involvement was sharply curtailed. Aunimals
treated for 14 days usually had normal chest filmas at completion of therapy
(Flgures 12 and 13); this was the exception following 7 days of therapy
(Figuree 10 and 11).

Blood cultures in the untreated controls and vaccinates were positive
during the first 24 to 48 houxe of disecase (3 monkeys from each group).
Cultures were negative after 24 to 48 hours of therapy.
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3. Diseave Course following Therapy

Texzoratura patterns after saven days therapy are shown in Figure 7.
Of thoss receiving 7 days of therspy, positive blood cultures were obtained
only in the non~vaccinates, and a mors marked fibrile rezponse on cessation
of therepy is evident when compared to the vaccinates; there was no epparent
differsuca in the chest x-ray findings in the two groups, Omne animal (No, 376)
in the mon~vaccinate, 7-day therapy group became moribund and was sacrificed on
day 27, Ous animsl (Na. 432) in tha comparable vaccinated group had a 6-week
febrile 1llness and died on day 67 following an episode of dierrhea. At autopsy
there ware no gross lesions seen in ths lungs of theme two animals while the
hilar nodes contained focal lesions from which P. tularensais was recovered. By
mistske there had been a delay in initiation of therapy in the latter animal,
the drug not having been gtarted until 32 hours after onset of fever,

In the 14~day therapy groups there were no deaths. There was a re-
currence of prolonged fever and roentgen positivity in four of the non-vacci-
nates and in two vaccinates after therapy was stopped.

C. GROSS AUTOPSY FINDINGS

Monkey No. 412, expiring (by drug aspiration) soon after the initial febrile
response is of interest because of the minimal changes seen in the lunge, This
animal belonged to the high dose vaccinated group and had received only one
previous dose of drug. Histologicelly there were multiple small focal areas of
bronchopneumonia. Positive cultures were obtained from both spleen and liver.

All 24 of the untreated animals died 4 to 9 days post-challenge with tula-
remia. Grossly, there appesred to be somewhat lesg evident involvement of the
hilar and wediastinal nodes im the high-dose animals. There was no obvious
differeance between vaccinates and non-vaccinates at the two dose levels.

Among the 48 treated animals four died of tularemia. In twn lowedose
aninals only some of the lobes of the lungs were involved; definite hilar node
involvement was seen. In the high-dose animal sacrificed on day 27 all lobes
were involved and the hilar nodes grossly were little changed. In animal No.
432, high-dose group, dying on day 67, the lungs showed little gross change;
the hilar nodes were prominent.

A non~specific and fulminating diarrhea (Shigella) caused the death of
seven animais between 3C and 80 days post-challenge; four of these animals had
minimal residuzl lesions of tularemia. Twenty-seven animals were sacrificed 80
to 133 days post-challenge; only zix had gross evidence of tularemisa, The
extent and type of late, gross, residual tularemia lesions did not differ be-
tween the groups. Histologic examinations are not completed. Nine animals are
still alive.

D, TETRACYCLINE BLOOD LEVELS
Tetracycline blood level determinationz are tabulsted in Table VI. At 16

hours after onset of therapy (125 mg of tetracycliue hydrechloride every 8 hours
oraliy) the average blocd level was 1.6 mg%: at 24 hours, 3.1 jg%; at 48 hours,

T

el



2.3 mg7%;

at 72 houra, 2.4 ug%h; and at 6 days 2.3 mgZ.
days of tetracycline, the average levels at 9 days were 3.7 mgi, #nd st 13 days
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In those receiving 14

3.8 ug%.
TABLE VI. TETRACYCLINE BLOOD LEVELS (BIO~ASSAY;
« (125 mg tetracycline HCl given orally every & hours)
MON~- TETRACYCLINE BLOOD LEVELS (ug/=al)
GROUP .| KBY After Therapy Started AVERAGE
“1 %o, Hours Days
16 24 48 72 6 G 13
7-DAY THRRAPY
1,300 cells
CONTROL T-37 | <0.5%/] 2.1 1.4 5.6 | <0.5 2.0
T«43 3.0 3.9 3.0 3.9 0.5 2.9
VACCINE 425 2.1 1.2 2.5 1.4 2.5 1.9
st | 1.4 | oo 0.5 | 1.8] 1.4 1,3
130,000 cells
CONTROL 436 1.4 2.5 2.5 2.5 1.4 2.1
VACCINE 416 1.2 3.9 3.6 3.0 2.5 2.8
432 0.5 1.4 1,2 0.5 2.1 1.1
14-DAY THERAPY J\[ M I —
1,300 cells
CONTROL 449 2.5 3.0 3.0 1.4 3.9) 4.7 4.7 3.3
- 423 | 1.8 | 3.0 | 1.8 ] 1.0 3.0] 2.5 z.s* 2,2
VACCINE 398 1.2 3.6 3.6 3.0 3.0] 5.6 3.6 3.3
361 2.5 4.7 3.6 3.6 3.0] 4.7 S,6 3.9
130,000 cells i
CONTROL 359 1.2 1.8 2.1 1.2 1.2 3.0 ND l 1,7
T-53 1.2 3.9 2.5 2,5 1.4] 2.5 3.0 2,4
VACCINE 438 2.5 | >5.6 1.4 2.1 ] 2.1} 3.¢] 5.6 3.2
437 | <0.5 ND ND ND Np| MD| 2.1 esa
AVERAGE 1.6 3.1 2.3 2.4 2.0 3.7 3.8

a. <0.5 used as 0.5 in averages.

b. KD indicates no data.

The average tetracyclime blood level at 16 hours was lower than expected;
it will be noted that three amimals were very low (<1.0 pg/ml) at this time

. (T=37, 432 and 437):
showed the most extensive xe«ray changes in this group;

but his clinical course was ene of the poorest shert of death.
died of tularemia on day 67.

—a

for example, T-37, a low~dose, 7 day therapy control,

No. 432, a high~dose,
7+day therapy vaccinate, was unintentionally giver. therapy latej; and
8 high=dose, l4-day therapy vaccinace, was not followed for additional levels
This animal

Ne. 437,

S ——— g
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1v, DISCUSSION

Examination of the incubation periods at the two dose levels shows a clear
dose dependence (Figure 14). This ie in contrast to obsexrvations made and
reported in an earlier |tudy./. Llthough mot plotted on the scatter diagram
the incubation periods of the vaccinated animals were essentially identical to
the contrels.

All of the untreated animals died and the clinicel courses in the vacci-
nates closely paralleled those seen in controls. This, too, is in contrast with
earlier studies wherein it was noted that animals receiving the viable vaccine
survived a respiratory challenge with P. tularensis (SCHU 4). There are too
many variables to permit an explanatiom. The vaccine employed may have lost
"virulence' in the interval between use in the two studies, but & point believed
to be of more importance lies in the difference in the challenges. Reasons have
been T?vanced to indicate that the inhaled respiratory dose in the earlier
studyg=’/ may have been much amaller tham the nominal figures given by the impinger
counts. In any event the present protocol fails te show any evidence of vaccine
protection, insofar as fatality rate, incubatiomn periods, and time to death may
be concerned. In the animals examined the same is true for time ¢f blood culture
positivity.

There 18 again a suggestion that the pathogenesis differs with large and
small challenge doses. For example, in Table II showing time of blood culture
positivity with reapect to onset of fever, 3 may be seen that positive blood
cultures were freguent prior to onset of fever in the low challenge dose animals
but eoften lagged until after fever was established in the high dose animals.
Monkey No. 412 dying, as & result of drug aspiration shortly after the onset of
fever following a high dose challenge, showed che primary findings to be 1limited
to the lungs in the form of numerous small bronchopneumonic patches with only
minimal lesions in the mediaatinal nodes, Reentgen examination aiso shows more
marked and diffuse involvement in the high dose animals and all the findings are
in consonance with a period of primary proliferation of P. tularensis in the
lung, followed by a septicemic phase.

The primary response to drug administration was excellent in all groups,
and 1f the single animal (No. 432) i{n which therapy was delayed is discounted,
there i{s no apparent difference among the eight treated groups with regard to
the initial response to drugs.

The four groups of animals recelving seven days of therspy generally showed
some evidence of recxudescence of fever within 4 te 5 days after the drug was
stopped (Figure 13)S This finding closely parallels the finding in man treated
in a similar -annet_/. Fever was the omly clinical sign of disease noted during
the post~7~-day therapy pericd. Using this critexion alone the less severe
"relapases”" wexre seen in the high-dese vaccinates, and the more severe in the
lose=dose controls. Both vaccinated groups seemed to fare better than the
non-vaccinated., During this "relapse" period positive blood cultures were
obtained from non-vaccinates, and none, from the vaccinates.




—we

23

FIGURE 14,

DISTRIBUTION OF INCUBATION PERIODS B8Y DOSAGE AND
HOURS POST— CHALLENGE ONON VACCINATED)

MAY i5 & 16, 1958 MORBIITY
v L) T ] L 4 ) 2§ v ) 2 | v
139000} ] l' o § Jiet6
>
S
1350) 11+, da/e
§ & ° 7 M

010 20 30 40 50 80 70 80 90 100 0 120
HOURS POST— CHALLENGE




24

With 14 days of therapy thie difference between vaccinater and non-vacci-
nates, if it be in fact a differsnce. {s less obvicus. Possibly the vaccinates
have alightly modified post~therapy courses as indicatec by fever, less re-
currence of positive resntgen films of the lung, and v fatalities. The find-
ings may be interpreted as shoving some effect of prior vaccination in modifying
th~ courss of illness undar conditions i{n which the vaccine alonz does not pre~
vent death in any of the challenged animala. It would appear that to test this
hypothesis a therapy course of less than seven days would be required combined
with a lurger challenge doae,

V, CONCLUSIONS

1. Under the challenge conditions used the incubation pericd of respira-
tory-induced tularemia in monkeys varied inversely with the size of the challenge
dose. The time between exposvre and death varied in a similar manner.

2. The clinical response to the broad spectxum antibiotic tetracycline was
identical at the challenge levels of 1,300 and 130,000 cells,

3. VWith either challenge level seven days of drug therapy was sufficient
to prevent death ir most animala.

4. Prior vaccination with a viable P. tularensis vaccine did not prevent
death of challenged monkeys or in any way alter the “clinical course in untreat~-
ed animals., Following courses of therapy the vaccinated animals perhaps showed
less evidence of recrudescence of disease than did the unvaccinated animals.
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STUDIES ON PASTEURELLA TULARSNSIS

TNOCULATION (F EMBRYORATED RGOS
(Yager)

1. _INTRODUCTION

Studies of Pasteurella tulareneis in embryonated eggs were undertaken to
ascertain whethar (1) chick eabryo inoculation (yolk sac) offered any advantage
as a diagnostic method for tularemia, (2) ctreptemycin-vesistancs modified the
response, (3) thare was any evidence of streptemycin-dependence, and (4) ti-
tration with a living-vaccine might have value in vaceine assay.

Embryonated hen eggs were inoculated with varying numboye of P. tularensis
of three different atrains: straptomycin-sensitivs, streptosmycin-yesistant,
and living-vaceine. The characteristica of thssa straima have been dascribed
elsewhere.

11, MATERIALS AND MTHODS

All {noculations were wade via the yolk sac route using easbrycnated hom
eggs (CE) of various ages. Appropriate dilutions were mede in gelatin-saline
solution; 0.2 ml amounts were inoculated aa promptly aftey dilution as possi-
ble. Control counts were obtaimed by culture of aliguats of each dilution on
glucose cysteine blood agar (GCBA) and checked by mowss: ineculation.

The virulent strains of P. tularensia were ~heur cultureq from GCBA
slants. The living-vaccine atrain had been lyophiliged Jamwery 17, 1938; it
was used immedistely following rehydratiom.

The eggs were candled twice daily, follguwing inoculatien; films weve made
from eggs found noan-viable, atainad, and examined, te eliminats conteminants.

I1I. KRESULTS

A. STREPTOMYCIN-RESISTAWT STRAIN

Embryonated eggs (CE), &4, 5, 6, 7, and 8 days old, were impculated via the
yolk sac route in groups of five each with doses varying from ome to 3 billion
cells; the results are + » in Figure 1. With tbhe largest isoculums all
epbryos were dead by the Ang of t,l\e.’t,l\trd day. 3A distinct deley iu death
was evideut in the 8-day (i when 3 x 10" and 3 x 107 orgemisms were incculated.
When 300 calls were insculated all 4- and 5-day empiyok wexe Gead by the woxrm-
ing of the third day, while the 6-~, 7- agd 8-day CE survived uatil the woruing
of the fifth dav. At the 30-cell level the 100 psr cest desth tiwe of the 4-day
CE was four days compared to six days for the 7-day CE; thexe was one purvivor
from the 8-day CE group at the 30-cell challenge level.

Using the same streptomycin-resistant atrzin the effect of addimg etrepto-
mycin wag examiued in S5-day CE. The drug was added ay the level of 250 ng/ml
of inoculum. At all titration levels, differences'to time of death of embryos
with and without added atreptomycin were insignificant. Ths actual values
show a minimal increase in survival time of those CE given streptomycin.




FIGURE 1. PATHOGENICITY OF P. TULARENSIS (STREPTOMYCIN—
RESISTANT) IN CHICK EMBRYOS OF VARIOUS AGES
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B. LIVING~VACCINE STRALIN

Various dilutions of a rehydrated, vaccine strain of F. tularensis were
inoculated into 6-day CE (10 at each dilution). The number of cells per egg
ranged from 2 to 21,000, based upon plate counts., The 2-cell nominal dose
killed 7 of 10 embryos; ae shcwn in Figure 2 the time to death at higher
dilutions was a function of the size of the dose. Mice were inoculated with
aliquots of these dilutions; at eight days in the 2,000-cell group 2 of 30
were dead, while with 20,000 cells 6 of 30 were dead.

C. STREPTOMYCIN-SENSITIVE STRAIN

In another titration, streptomycin-sensitive and living-vaccine strains
were inoculated into groups of 10- to ll-day CE (no difference was observed
between these two ages) at doses ramnging fxom 3 to 11,000 cells. Five CE were
used at each challenge level for the streptomycin-sensitive strain and 10 at
each level for the vaccine strain. The rxesulte are shown in Figure 3. All CE
inoculated with 11,000 cells of the streptomycin-sensitive straim were dead on
the morning of thte sixth day at which tima CE inoculated with an equal number
of attenuated organisms were just beginning to die. By the seventh day, the
maximum kill from all doses had been obtained with the viruleat strain. Some
CE survived at the 110-cell level, and below, with both strains. Aliquots of
the vaccine strain were inoculated into white mice; with a dose of 1,750
organisms 1 of 30 mice died, while with 17,500 cells 5 of 30 died.

IV, DISCUSSION

Within the scope of this study, the age of the chick embryo at time of yolk
sac inoculation influences the outcome with all strains of P, tularensis exe
amined. The 'break point" appears to be between eight and ten days; older CE
may survive challenge with the living-vaccine strain, With younger CE the time
to death is a function of the size of the inccuiuam.

The time to death of embryos 1s such that CE inmoculaticn does not appear to
offer any advantages over direct culture or guinmea pig inoculation as a diag-
nostic procedure. No effort was made to determine the presence of organisms
prior to death.

Based on time to death of CE there is no evidence that the streptomycinsre-
sistant strain has any streptomycin-dependence.

Regardless of age of CE or dose level, when comparable numbers of cells are
injected via the yolk sac the virulent strain kille more rapidly than does the
vaccine strain. Tt would seem that CE inoculiation might be useful in the study
of attenu atlon for the development of wvaccine strains.

Following inoculation with the attenuated strain, the prolonged time to
death of older CE, if death does ensue, should provide a useful method for
checking the presence of contaminants in vaccine preparatiens.




FAIGURE 2. PATHOGENICITY OF VACCINE STRAIN OF P TULARENSIS
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V. CORCLUSIONS

The response obtained following inoculation via the yolk sac of verious
strains of P, tularensis in embryonated ecggs has been described. The wmethod
has no apparent advantages as a clinical diagnostic test, but may be useful
in the assay of a live vaccine or i{n the detection of contaminants in vaccine
aspays,







STUDIES ON PASTEURELLA TULAREMNSIS

EVALUATION OF A LIVING VACCINE FOR TULAREMIA
(Hornick, Vosti)

1. INYRODUCTION

Russian investigators have been working on the development of attenuated
strains of Pasteurells tularensis as vaccines for a number of yeur1 and hava
obtained several atrains which seem to fulfill their requitementhml These
have been extensively used in the vaccination of laboratory workers and in a
large number of pecple in endemic areas ¢f the Soviet Union. Investigations
in laboratory animals by Medical Unit personnel will be presented in other
parts of the present annual report. The purpose of this report is to present
serial data on the vaccination site, regional or systemic reactions, sere-
logical response, and the results of skin testing in a group of volunteers
vaccinated with an attenuated strain of P. tularensis.

I1. MATERIALS AND METHODS

The vaccine used in this study was prepared by Eigelshnchg/ from an
"immunogenic" variant recovered from an ampule of Russian "viable tularemia
vaccine". After adjustment to a count of approximately 10° organisms per ml
it had been lyophilized and held for several months, Upon vehydration plate
dilution counts indicated a similar level of viable organisms. Mouse viru~
lence levels of two ampules at rehydration gave the following results (Yager):

Ampule A Ampule B
Dose Daaths/Total Dose DeathléTotal
20,000 6/30 17,500 30
2,000 2/30 1,750 1/30

After a preliminary trial in two volunteers, a group of 22 young white
male volunteers with no known history of previous infection with 2. tularensis
were selected. On April 16, 1958, they were vaccinated alternating between
the right and left arms by the following procedure: the upper &rm was cleatised
with ether in & manner similar to the preparation done prior to smallpox vacci-
nation. One hundred and fifty needle punctures were mede over an ares approxi-
mately 10 s in diameter with just enough pressure to raise a slight gero-~
sanguineous response. To this site 1 to 2 drops of vaccine (1 billion cells/
ml lyophilized vaccine, Ampule B, rehydrated with distilled water) were applied
with the &id of a capillary and bulb instrument similar to that used for amall-
pox vaccination. The site of vaccination was allowed to air dry; no dreasing
or cover other than normal clothing was worn. These men were seen daily for
two weeks, twice daily for the next two weeks and at approaimataly monchly

intervals thereafter, They were questioned at these times as to the possibility
of systemic or locel reactions, Their temperatures were recorded and inspection
of the vaccination area was also msde for possible regional adenopathy. The
vaccination eites of two randomly chosen individuals were studied serially by
photegraphy, At appropriate intervals blood was drawn for agglutination studies
snd for paper electrophoresis of serum proteins. The agglutination titers
{againet P, tularensis SCHU 4 killed organisms) were read at the last level of
positivity and 1+ end points reported,




I11, RESULTS

Observation revesled erythema averaging 10.1 mm at 24 hours. At one month
the averassa diameter was 7.8 mm but of a much fainter color. Induration was
never marksd and was usually gone by the fixat week, Figure 1 shows selected
views of a vaccination site., Vesicular pustular lesions were noted in 8 of 22
(36%) of the patients and usually occurred in the second week after vaccination;
their presence was usually noted for a week or less. All vaccination sites were
fading or had disappeared in one month.

Regional sadenopathy was observed in 16 of 22 patients. 1Its onset was noted
in 25 per cont of these by the second day and in 50 per cent by the first week.
Adenopathy, when observed, was usually minimal, varying from shotty to 0.5 to 1
em nodasy 4in only one patient, who also had the largest vaccination site measur-

ing 15 to 17 mm in diameter, = 3 to 4 cm node was found, There wexe no systemic
reactions. .

Base~line serological studies revealed that 16 of the 22 patients had nega-
tive tulsremia agglutinin titers while aix had pesitive titers, three at 1:10
and thres at 1:20 (Figure 2). All patients showed an 8-fold rise in titer by
the sixth week. It may al2o be seen that the serological response reached a
platesu between the fourth and sixth week post-vaccination and that this plateau
persisted to dete (19th week) with a slight decline at the 3lst week, The degree

of sarological response could not be correlated with the size of the vaccination
site.

Skin testing at the fifth week revealed 15 of 22 patients to have a positive
test (0.1 =l of tularemia skin test material injected intradermally in the flexor
surface of the forearm. Read ag positive if erythema and edema 1 cm in diameter
or greater were present at 48 hours). There was no correlation between the posi-~
tivity of the skin test and the degree of response in the agglutinin titer.
Eleven of the 16 patients with adenopathy also had positive skin tests while four
with positive skin tests had no regicnal adenopathy.

Complete evalustion 6f the serial serum preotein elecirophereiic fracticns
has not been obtained but a superficial survey would suggest that there are no
marked changes observed by this technique,

IV, CONCLUSION

Vaccination with an attenucted strain of P. tularensis did not produce sig-
nificant systemic reactions and regional sdenopathy was minimal. The serological
vesponse is similar to that obtained following infection with a virulent strain

&nd persists at & high level for at least 31 weeks.
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STUDIES ON PASTEURELLA TULARENSIS
EFFECT OF DUOLITE TREATMENT ON GROWTH PROMOTING PROPERTIES OF BLOOD AND FLASMA
(Ward, Tresselt, Gaspar)

1, INTRODUCTION

Work of Kuddleaon reported in 19511/ indicated that treatment of ca{tngn
blood specimans with cationic exchange resins, particulsrly Duslite C-3 R+ ¢
markedly enhanced their ability to support the growth of Lrucella crganinxs.
The conclusion reacked by Huddlesun on the basis of thie work was "That the
growth of brucella cells in a mixture of culture medium (peptone typo) amd
blood iz not due to the grewtheprowsting constituents in the madium but te
the presence of an agent or agents that insctivate the bacterial growth-ine
hibiting factor usually present in uormal bleed. The blood then bacewmcs an
excellent culture medium." He presented data which dempnstrate bayend deubt
that traetment of blood from the three species studied (cow, horse, and man)
with sufficfent cationic exchange recin in the hydroegen form te lower the pH
of the specimen to 6.0 to 6.2 dees produce an excellent culturs mediuxm which
pronstes rapid growthk of small mumbers of erganisms of test atrains of all
apecies of Brucella. Further, {f procedures described are carriead out f{n a
closed container (vaccine bettle with rubber disphragm stepper), tha arti-
ficial addition of carbon disxide (CO;) fer the growth of COy-dspendent
strains of Brucella sbortua was found to becoazs unrecessary.

In view of the facte that FPasteurella tularenzis (1) in certain respects,
resembles clcosely organisms of the Bruceila group and (2) is difficult te
isolate cenmistently from the blood stream of knowa infected animals and man,
particularly early in disease, it occurred te uz that attempts te adapt simi~
lar methods te studies with this erganism might be fruitful. It wes also
hoped that investigations inte the bselc mechanisms involved ia the tremandous
enhancement of growth of amall inocula might give useful informstien nscessary
for development of selective media for the imelatien of P. tularensis from
clinical specimens, otker thax bleod, normaily containing othsrx fiors waiekh
rapidly vvergrow this organise when present metheds are used.

S L LY

For purposes of discussion, the work done to date masy be conveniently
divided into three sectious:

Part 1. Attempta to repeat Huddleson's chsexvations with Duo~
lite«trestad blowd and plasma, using P. tularensis as the test organfsw;

Part 11. Attempts te adapt the Huddlesen techuique teo blood culture
work with oxpzrimantal snimals and man;

Part I1'1. Biochemical studies on factors involved in the erharcement
of growth #f wmall inocula {n resia~treated blecd and plasma.




I1. PART I

ATTEHPTS TC REPEAT WUDDLESOK'S OBSEEVATIONS WITH DUOLITE-TREATED BLOOD AND
PLASMA USING ®. TULARENSIS A8 THE TEST ORGANISM

A. MATERIALS AND METHODS
1. Bacterial guspension fer incculum

The organise used in &ll experiments was the straptomycinesensitive
SCHU strain of P, tularensis. A heavy culture was grown fer 24 hours at 37°C
on plates of glucose~cystine blood agar (GCBA) prepsred with Bacto cyetine
heart agar ba.s (Difco) zaud 5 per cent defibrinated sheep blood. A concen~ ‘
trated bacterial suspeasion was made by emulsifying the growth from one or
more of these plates in 2 to 5 m]l ampunts of tryptoseesaline (0.1 per cent
Bacto tryptoss in G.5 per cent saline, adjusted to pk 7.2 te 7.4). This sus-
pension was edjuated to approximate s predstermined density as measured by
the Ewusch and Lomb Spectretronic 20 colerimeter. Light transmittance of the
suspansions was determined at four different wave lengths for the initial
calibration and in preparation of subsequent suspensions. The adjusted sus~
pension was subsequently diluted serislly to thrt concentrationm which would
give the desired pumber of oxganisms {n 0.2 ml, the velume used as insculum
for all tests, All density adjustments and dilutions were made with the
tryptose~saline aclution. A total Imoculuw of 50 to 100 cells was used in

all experiments and in two setas of tests, inocula of 5 to 10 cells ware alao
employad.

2. Preparation of test and contrel blood and plasma sauples

Duolite C-3(H+), manufactured by Chemical Process Company, Redwood
City, Califernia, was used. This is a phenolic matrix with methylene sulfonic
acid as the functional group. It was wagh:d and ti&rated for each batch of
blsed er planma exactly as prescribed by Huddlese :

"The resin granules are added to several volumes of distilled water
‘n & glass beasker and stirrad., Vvhen the large particles have settled,
pour off the turbid supernatant. Repeat, adding dietilled water, stirring
and decenting until the supernatant is clear.

"pour vashed granules into a Buchner funnel coentaining Mo, 1 filter
paper, or a coarse fritted glass filter. Remove surplus water by suctionm,

"Spread resii granulcs on paper. Dry for 24 heuks at 37°C. Store in
& closed bottle."”

For each experiment, the resin granules are titrated with blood or
plasma in order te determine the amount that should be used to obtain a pH of
6.0 to 6.2,
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"Titration. Weigh out 0.3, 0.4, and 0.5 grams of the gramules. Add
each amount te a 50 ml, glasc bottls. To each add 2 ml, of a 5 per
cent solutlsn of sedium citrate and 10 ml. of wnclotted blosd, Mix

the added agents well. At the end of twe hours at rsom temparaturs
pour the mixture into a glass baaker and read the pH (glass electredes).

ﬁ
The pH recorded will be near or the same as that recorded sfter 3-6
days incubation {n a clesed (rubber stoppar) battle ceutaining the .
same agents. It is not necsssary t¢ conduct tha titrstion ssepticslly.”

After titration, the determined amounts of Duslite ware weighsd out
and placed in 60-ml vaccine bottles to which wers added 2.0 ml of a 5 per cent
sodium citrate solution (referred to hereafter as citrate). After baing plugged
with cstton, the bottles were autoclaved at 121°C for 20 mimutes and allewad to
cgol to room temperature. The cotton plugs wexs tham replaced with sterile
rubber disphragm vaccine stoppers.

Using a syringe and needle, 10 ml aliquots of test bloeds were intyos
duced into the bottles and the contents mixed thoreughly by retatien.

In one early experiment two types of coutrol bottles were prepared:
one with 10 ml of bleod plus 2 ml of 5 per cert citrate without Duolite and
the sther with 12 ml (to make total velumes cowparabie) of dafibrinated
bloed without either Duclite or citrate. Ir aubsequent experimants only tha
second control bettle was used, since 5 per cemt citrate aleome in bleod
inhibited the growth of P. tularensis,

In severzl experiments placma obtaimed by cemtrifugation eof dsfibri-
nated blood was substituted for whele bleood. The precedures used for pre«
paration and testing were the samc in both cases.

In all cases, the blood specimens were used within 72 hours of cellec~
tion and samples from individual animals were pooled before titratien.

3. Test Procedures

Test and contrel bottles were each imscxlataed with 0.2 ml aliqueta
of the test suspengion. The initial dusage of organisms ia expressed as the
number per milliliter of culture f£luid, {.e., 6 organisms in 12 ml of
culture fluid is expressed as 0.5 organisms/ul. Similar aliquets ef the
suspension were plated on four or mare plates of GCBA te deatsrming the actual
number of cells used for inoculum,

The bottles were incubaied in an Aming=Dubmeff shakar {mcubator ,
equipped with a water bath adjusted te 37°C. During the incubation peried
the shaker was operated at 125 cyrles per minute, All plsies end thoxa
duplicate bottles in experiments designed to compsxe shaker with statfic
cultures were incubated in a watersjacketed incubatevx at 37°C. Suffiecient
duplications of test and contrel bottlea were preparad to alleow for remcval
of sasples for examination at the 12, 24, 48, and 72 hour time periods,
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The method of examination was as follows:

Four aliquote of 0.2 ml each ware removed from sach bottle with a
aterile syringe and msedle and inoculated on to plates ef GCBA. This ineculum
was sprecd ovar the entire surface of the plates with the conventional type of
glags spreading rod. If, on the basis of previous experience, confluent growih
was expacted, serial dilutions of the materisl were made im tryptoss~saline and
0.2 ml aliquots of the dilutions were similarly plated. These plates were
incubatad ag described above for 72 heurs defore making final counta to deter-
niul"gu extent of bacterial multiplication.

B. RESULTS

A summary #f results of zll experiments to determine the effect of Duwolite-

treatment 8n tha growth of P. tularensis in rabbit, skeep, and human blocd is
glven in Table I,

TABLE I, EFFECT OF DUOLITE ON THRE GROWIE OF P, TULARENSIS IN SHEEP,
RABBIT, AND HUMAN BLOODS

MEAN RECOVERY orian of culture fluid _
INCUBA< Sheep Blood Rabbit Blood Human Rigod —
TIOR {3 trials) (5 trials) (1 trial)
TIME w/e w/ w/o w/
hours [Duolite ,| Duolite w/o Duslite w/Duolite Duolite| Duolite
'5.7'2;«1"-&' 5.7/m1] 5.7/l ] 0.5/8L | 5.7/mL 0.5/mL | 5.7/ml | 5.7/ml
122/ <1 5 43 20 87 <1 Npe/ ND
264 38 25 530 3 | 80,000 | 13,000 60 | 11,000
48 g | s00 ! 1,600 6 | 4.0 x 10%2.1 x 109 1,600 B.5 x 106
72 510 | 50,000 |100,000 7 5.7 x10%5.3 x 10°12,000 [.0 x 108
8.

These figures represent the average number of organisms per milliliter of
culture fluids uneed 2s incculs ii replicaie experiments. The extremes
cbeerved with the larger inccula were 4.2 and 6.6/ml and i{n the tws experi=-

ments with smaller imocula, the contrel counts were identical 0.5/ml.

Counts at 12 hours were made for sheep blood only once. Counts for rabbi:
bleod arc the average of 3 experiments.

c. ND indicates no data,
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Tie recoveries given in the table are the arithmetic means ¢f averags plate
counts obtained in three separate trislsz in the cases of shaep blood, five
trials with rabbit blood and a single experience with human blood. Included
in the table also are the results obtainad when the incculur size was reduced
by one log (from 5.7/ml to 0.5/ml) in two experiments with rabbit blood only.
Table Il presents the same deta, with the elimination of the results with the
smaller inoculum, rearranged to give a direct comparison of the effect of
blood of the three species on growth of P, tularensis before and after treat-
ment with Duslite,

TABLE II, COMPARISON OF MEAN RECOVERIESQ/ OF P, TULARENSIS IN BLOODS
FROM DIFFERENT SPECIES AT VARIOUS INCUBATlON TIMES
MEAN INOCULUM: 5.7 org/ml of culture mecium

. MEAN RECOVERY org/ml of culture fluid
TEST TIME OF INCUBATION
BLOOD DUCLITE hours

12 24 48 72

Sheep None <1 38 8 510
Rabbit 43 530 1,600 100,000
Human npb/ 60 1,600 12,000
Sheep Present <5 25 500 50,000
Rabbit 87 80,000 4 x 10° | 5.7 x 10°
Human HD 11,000 2.5 x 106 1 x 108

a. Recoveries in number of organisms per ml of medium expressed as the
arithmetic mean of available mean counts,

b. ND indicates No Data.

It is readily seen from these tables that both rabbit and human bleod
are superior to that of the eheep for growth of P. tularensis and that the
Dunlite trestzont wavkedly enhances the growth of the organiln in blood of
all three species.

Of special interest, are the data in Table I dealing with results of
the twe experiments in which the standard inoculum ugsed in previous tests
was reduced 10-fold. There was evidence of continued multiplication of
the organismz in untreated rabbft bloods inoculated with approxirstely 70
organisms, However, when the initial nuwber of cells was raduced to
approximately 6 organisms in 12 ml blgod, there appeared to be some multi-
plication within the first 12 hours but none thereafter, In Duolite-

1




treated rabbit bleod examined in paraliel, approximately the same counts were
obtained aftexr the first 12 hours regardless of size of inoculum,

In ths work with shaep &nd rabbit bleods where the results of three te five
replicate experimgnts are availabla, remarkably little variation from one experi-
ment to ancther wss obgarved, despite the use of different batchles of blood and
the exparimantal errer inherent in precedures invelving sampling and counting.
For thase esiparimgnts, it was not feasikle te plate at identical time intervals;
consgquantly, those results given for 24, 48, and 72 hours varied as much as two
to four hours either way from experiment te experiment. While the generation
time of F. tularensis in Duolite-treated blood cannot be accurately calculated
from gvailable data, im the p:riod betwsen 24 and 48 hours it appears to be
betwgen 30 to 60 minutes. Consequently, counts made during this perioed would be
expected to vary atx much as one log or more in any two to four heur perioed.

The foregoing rcsults were all obtained under the conditions selected
init{slly as standard procedure: 1i.e., using whole defibrinated bleod, with
and without Duolite treatment, prepared in vaccine bottles with rubber diaphragu
closures and i{ncubated on a shaker with constant temperature water bath.

Several variationa of this procedure were added to occasional experiments
as time permitted:

(1) A comparison of static with shaker incubation conditions for
treated and untreated dbloods. (Tadle III)

TABLE III. COMPARISON OF STATIC VS SHAKER INCUBATION USING DUOLITE~TREATED
RABRIT BLOQD
INGCULUM: 0.5 org/=l

IRCUBATION RECOVERY 9;;1!1 of culture fluid AT INDICATED TIME INTERVALS

CCNBITION 24 heurs 48 hours . j2hours
Static
(vater jacketed > 1.5 x 104 2,5 x 10% 2.5 x 108

incubation 37°C)

Shaker
(Amino~Dubnof £
37°C vater bath
125 strokes/min)

>1.5 x 10% 4.2 x 10° 5.7 x 107

(2) A coaparison of the growth prompting propertics of whole bloed with
plasma, with and without Duolite treatment. (Table V)

(3) A study of the effect of removal of the Duslite after imitial treat=
nent but prior to inoculation with the test organism. (Table iV)




In each case, experience was limited to a single trial.

It appcars that counts obtainmsd In shaks cultures of Duclite-treated
rabbit blood are about ong log highsr than those obtained frow siwmilar
preparations incubated under static conditions. (Table III)

The data in Table IV are of theoretical, as well as practical, interest.
TABLE IV, COMPARISON OF RABBIT BLOOD AND RABBIT PLASMA WI1TH DUOLITE PRESENT

AND DUOLITE REMOVED AFTER TREATMENT
INOCULUM: 0.5 org/ml Sheker incubated

RECOVERY or‘!nl of culture fluid AT INDICATED TIME INTERVALS
MEDIUM 24 hours 48 houre 72 hours

Blood + Duclite >1.5x 104 6.2 x 109 5.7 x 109

Blood =« treated

but Duolite >1.5 x 10 > 5.0 x 107 5.8 x 10°
removed
Plasms + Duolite 5 <5 <5

Plasma - treated 3 7 9
but Duolite 1.7 x 10 1.5 x 1¢ 1.9 x 10
removed

There is anparently ne real df{fference in counte ghtainad {n Dusliteetraated
rabbit blood under the two experimzntal conditioms; howsver, it would appear
that the Duolite must be removed from the plasma prior te insculation and in-
cubation 1f one is to achieve enhancement of growth of P. tularemsis in this
wedium, In this connection it is of interest to note that the smount of Duo-
lite required to adjust the pH of 10 ml of rabbit plasme to the desired range
of 6.0 to 6.2 is almost exactly one=helf the amount required for the same
volume of whole blood, No satisfactory explanation for this observation can
be given at the present time, zlthough it seems possible that the buffering
action of erythrocytes might be iavolved, The complete reversal of the
scimulatory effects of Duolite on growth of P. tulsrensis in pretreated plasma,
observed when the resin was left in the plasma during the incubsation period
came a8 a surprise. It had previoualy been observed by Huddleson, and also
by us, that an equilibrium in pH is reached in Buolite~treated whole blood in
a maximum of two hours and that nc further changes occurred in perjods of
observations up to five dsys in uninnculated bottles. It was assumed that
the same thing would be true of plasma and no pH determinations were made
after the 2-hour period chosen for imitial titrations} consequently, we do
not know whether the inhibitory effect of the presence of Duolite in the
plasma during the incubation period was one of slowly, developing changes




in pH or of some other factor.

C. COMCLUSIONS

i. Duolite itiatlanﬁgnnrk-dly enhances the grovth of P, tularenris in
vabbit, sheap, and humar bleods,

2., Duslite trecatsd rabbii{ and human blosd are superior te¢ sheep blood for
growth ot‘z.‘tulartnnil.

3. Basad on only one sxperimant, shaksr culture is supexior to static
cultum )

4. Based on only one sxperiment, plasms treated with Duolite but with the
Duslite removed before inmoculation supports growth of P. tularensis in a
comparable fashion to Duclite treated whole blood.




111, PART II

ATTEMPTS TO ADAPT THE HUDDLESON TECHNIQUE TO BLOOD CULTURE WORK WITH EXFERI~
*TWTAL ANIMALS AND MAN

Experience to date has been limited to a single study using bloods of
experimentally infected monkeys.

A, MATERIALS AND METHODS

Blood specimena were collected from 36 monkeys selected from a total of
72 animals challenged with P. tularcnais by the respiratory route on May 15
and 16, 1958, and raported in detail slssvhere. Half of tha entire group had
received 0.5 ml of a viable 2. tularensis vaccine three months before challenge. )
Therepy consisted of 7=day or 14=day coursee of tetracycline 0.6 gm daily in '
foir equally divided doses, started on the second temperature above 104,.0°F,
Each of the 36 animals was bled twice daily at 0800 and 1600 hours on days 1,
2, 3, 5, and 7 post=challenge. Two milliliters of bleod were collected &t :
each bleeding and inoculated directly into 15 ml vaccine bottles with rubber !
diaphragm stoppers. These bottles had been previcusly prepared with appropri- !
ate amounts of Duolite-citrate mixture, as determined by titrations carried ;
out on pooled monkey blood by procedures described im Part I. !

All specimens were incubated for 72 bours in & water=-jacketed incubator
at 37°C; two 0.4 ml=aliquots from each bottls wara then plated on GCBA.
These plates, in turn, were also incubated as before for 72 hours dbefore
making final counts.

B. RESULTS

The results of these isolatien attempts are presented in Table V. Animals
in Groups 1 through VI received a challenge doae of approximately 1,300 cells
and thege in Groupe VII threugh XII, appreximstely 130,000 cells,

As can be seen, P. tularensis was recovered from 24 of 36 animals, With
only one exception (No. T~7, high dose, Group X) the first isolation from esch
positive animal was recovered from a blood specimen drawn within the first 24
hours of clinical {llness aa determined by onset of faver, In the low desge
group, feur iselgtions were obtained from specimems drawvn B to 16 hours before
the appearance of the first fever spike, all in mon~vaccinates. Ia cantrast
only one imsolation was mads prior to the onset of fever in the high dose group.
Tt ie perhons slmn of intersat that aonly R af 18 waécinated anfmala vielded
poaitive cultures, vwhereza 15 of 18 of the nonevaccinates had dstectable
bacteremia.

C. CONCLUSIONS

Using this method positive blood cultures were obtained with considerable
frequency in the late incubation or early febrile phases of monkey tularenmia,
The possible meaning of such findings 1is discussed elsewhere.
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TABLE V. ATTEMPTS TO ISOLATE P. TULARENSIS FROM DUOLITE-TREATED BLOODS OF
MONKEYS EXPOSED TO APPROXIMATELY 1300 AND 130,000 CELLS BY AEROSOL

DAY THERAPY | DIFFERENCE BETWEEN
ANIMAL | DAY POST-EXPOSURE FIRST | ORSEY p PIBST POGSYTIVE CUL-~
GROUP KO. 1 2 3 51 7 | ¥BVER | HOURS® | TURE & FIRS7 FEVER
HOURSE.
Low Dese-1300 cells, osed Mgy 15, 1958
I Vacelne | T-5 - - + + | D3 pa None 0
No Rx T-14 - - + +| + |2 pm | Nome +16%/
T-46 - - + + 1 + {3 pm None 0
II Vaccine | T-21 - - - -l -[|2pa +8 No isclatign
7-day Rx | T-39 - - + -] - |2 wmid | +8 +16%
T-38 - - -] - 12 pm +8 No isolation
III Vac- T-16 - - - -l - |2p= | 48 No isolation
clune T-38 - ‘- - -] =12 +8 No isolation
14~day Rx | 363 - - + -1 - | 2mid | +8 +8
IV No vac- | T-32 | - - + | +[ D |2mid | None +8=/
cine k7 Y} - - + +{ + |2 mid | None +8
No Rx T-8 - + 1 + + | D |2 mid | Nome -16
VHovae~ [T-20 [~ | -« | =] ~] -12pn | +8 No isolaticn
cine T-11 - + + e« -~ |2 pm +8 -8
7-day Rx | T-29 - - + -] - 12 mid | +8 +3
VI No vae- | T-22 - + + ~{ - ]|2pm +8 -8
cine 358 - - + + |- ]3pm 0 -8
14-day Rx | 362 - - + -1« !3am +8 0 -
High Dose ~ 130,000 cells. osed May 16, 1958
VII Vac- T-18 - + + D| D {2mnmid | Rone =16
cine 352 - + + + | D |2 an Nonzc +8
No Rx 403 - + + DJ/D |2 am None 0 X
VIII Vac- | T-1 - - - -1 - | 1mid | +8 No isolstion™/
cine T-17 - - - ~]-{1lpm +8 No isolation
7-~day Rx | T-19 - - - - - 1 s +8 No isolation
IX vVac- -9 - - - -1 -] 1lam | #16 No isolation
tine 371 - - - -l -11lm +8 No {solation
_l4-day Rx | 392 - - - - - iwid | 48 No isclation
X No vac- [7-7 - - + + | D] 1lpm | None +4847
cine T-26 - + + + | D | 1 mid | None +16
Ho Bx 354 - + + D{D |2 ean None 0 .
X{ No vac- | 360 - - - - ]1-11mid ] +8 No isolation
cine 356 - + + - -12em +8 0 !
7-day Ra 373 1 -] + 1 4+ | -] -l1mida] 48 84/
XII No vac T-41 - + - - |- {1mid | +8 +16&/
cine T-45 - + - = '~ | 1mid | +8 +8
14-day Rx | T-47 - + - -1 _  2am +8 8

a. Minus sign (-) indicates culture preceded first fever; plus sign (+)
indicates culture followed first fever,

b. D indicates animal deed.

¢. Preceding sample not obtained.
d. Preceding sample contaminated.




1V, PART II1I

BICCHEMICAL STUDIES ON FACTORS INVOLVED IN THE ENSANCEMENT OF GROWTH OF SMALL
INOGCULA OF P. TULARENSIS BY RE5IN~TREATED BLOOD AND PLASHA

A. MATERIAL AND METHODS

Some information about the properties of Duolite C-3(H+) was found in the
literature. Thie phenolic methylene sulfonic resin has a capacity of 3.25
meq/gm and exchanges hydrogen ions for cations in solution, thereby lowering
the ﬁﬂ of the material with which it is mixed. Elemental analysis of Duolite

+) indicated trace amounts of silver, thorium, aud cadmium.

. The procedure for treatment of teat samples was the Huddlelonl/ method
described earlier. After treatment, the Duolite was filtered from tha blood
or plasma and fractionated according tc the procedure shown in the following

disgram (Figure 1) tc determine what substances might have been removed from
the specimen by the resin.

Figure 1. The Fractionation of Duclite C-3 after Treatment of Blood or
Plasma Sample
DUQLITE
Filtered
Duolite retains all catiens
H,0 // NH,,OH HC1
wash 1M 1M
lPraction IIl Il'ractieu III]
Contalns amino Centalne &ll
acid, weak inorganic
bssea, carbohydrates, cations
Chromatography, Spectrophotometry ~ ampholites
(Protein)
Chromatography Chromat sgraphy

The three fractions were analyzed as follows:

Fraction ié paper electrophoreais-’, spectrephotometry, and paper
chronatography-/ in search of proatein componants.

Fraction II:

paper chromstography for amino acidnﬂ/, weak balasé/.
carbghydrateal/, and ninhydrin positive areas other tban amino acld:ﬂ .

Fraction III: paper chromatographyl 2/ for inorganic fons,




The =edium (Ma*) form of Duclite C~3 was prepared by mixing the hydrogen
(d*) form with saturatsd sodium chloride followed by water to wash sut the
excess 8&lt and hydrochloric aciqd.

Hydrogen gas was generated with zimc and hydrechleric acid in the con-
ventional manner.

Direct current was obtained from a RECQ power supply used for paper electxo~
phoresis,

The pH and Eb mcasurements were wade with a Beckm:n Model G pH meter.
Platinum electrodes were made by sealing a % inch length of 20 gauge platinum
wire in a 3~inch plece of 4 mu-glass tubing. Contact was made by a drop of
mercury. These electrodes were standardized againgt the Beckman platiaum
electrode #281. Eh curvgs were sbtained using an apparatus diagrammatically
shown in Figure 2, Six test cells were placed in an improvised water bath
shaker and comnected to the potasaiuvm chloride (KCl) manifold and distributor
switch. The pH of only one cell wa: determined because only one glass elec~
trode was available.

The cell uvsed to provide electrical control of the Eh 18 diagrammed in
Figure 3.

Sheep plasma was uged thyoughout this htudy except where otherwvise
desigwuated,

The streptomycin-sensitiv: strain of P. tularensis was used throughout.
Heavy suspensions of the organlsm were prepared from GCBA plates as described
in Part 1.

For the purposes of these studies growth (s defined as increased oxygen
cengsumption as me:sured by the Warburg respiromeier. Data sbtained from two
experimenta in which bacterial counts were made on the preparations in the
Warburg flaske st several time intervals and also a compariscu ef the results
of work with the Warburg with those described in ™art I, where definitive
bactericlogical work was done, indicate that the Lasic agsumption in this
definition of growth is valid.

Test procedures for Warburg determinationes were as follows: 2 ul of plaama
or whole blood were placed in a test flask and 1 ml of tryptose-saline, con-
taining approximately ong te three biliion cells of P. tularensis,wsas intro-
duced into the side arm. The center well of each flask contaimed 0.2 ml of a
5 per cent solution of potassium hydroxide with a filter paper fan. The flasks
were equilibrated for 15 te 20 minutes before adding the inoculum from the side
arm. Zero tine was designated as 1C minutes after addition of the organisms,

B. RESULYS AND DISCUSSION
1. Attempts to identify an inhibiting factor by chemical methods

Huddleson and others suggested that Duolite exerts its effect on the
b1ood by romeving in mome . as vet undetermined, manner an inhibitory factor
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OKYGEN COMSUMPTION OF P, TULARKNSIS IN VARIOUS MEDIA J

TABLE VI,
{(Sheep Blood or Plesma Used as Base)
€
EXPERIMNENT Test Sample Al 0; Consumed
— in 3-4 hours
I Whole blood 13.5
Flasma 18.0
Whole blood + Duolite 23.0
Plagma + Duolite 22,8
i1 Plagma 15.1
Plasma + Duolite 4%.3
» Plasne with Duolite removed 51.1
=/ Plasms 15,31
Plegma pH 6.0 with HCL 33.2
Pleswa pH 6.0 with Duolite 41,1
v Whole blood 19.9
Whole blood + My gas 21,3
Plagma 4,0
. Plasma + H, gas 15.8
v=/ Whole blood 28,2
Whole blood pH 6.0 (HC1) 31.3
Whole blocd pH 6.0 (HC1l) + H2 gaa 32.2
Whole blood + Buolite 32.4
Plaswa 15.8
Plasma pH 6.0 (HCL) 22.0
Plesma pH 6.0 (ECl) + Hy gas 36.9
Plases + Duclite 28.3
vi Plasma 14.2
Plasma + BDuolite H+ (pH 6.0-titration) 29,0
Plasma 4 Ducliite Ma+ (pH 6.0 HC1) 13.3
Vil Aged plassa 11.3
Aged plasma + Duolite H+ 1i.5
Aged plasma + Duolite Na+ 11.7
VIIL B/ Kormal plagma (pH unadjusted) 14.2
Plagma + Duolite C-3 E+ 30.0
Plasma + Ducliite C~3 Wa+ (HCL) 23.5
Plamaa + Duclite C-20 H+ 29,0
Plasms + Duolite C-20 Nas+ (RHC1) 13.3 ﬂ
Plasma + Amberlite 1R120 R+ 33,5
Plasma + Amberlite 1R120 Ma4 (HC1l) 17.4
X Normal rabbit blood 25,8
- ¥c:mal sheep blood 11,0
Rarbit blood + Duolite 134.0
Sheep blood + Duolite 50.0
a8, In these experiments Duolite was removed frna blood or plesma before
inoculation,

b. 1Iun this expuriment the pH of all media with resin treatwent was
adjusted to pH 6.0,




normally present in bleod., Fractionation of the Duolite was tried in an

attempt to ldentify or isclate this Inhibitory substamce. Fracilem I, the

water wash, was found to contain hemoglobin as f{dentified by spectrum anslysis.

This msterial was zpparently only absarbed by the Duclite since it could be

removed easily by pulverizing the porov' resin gracules and washing with water.
Fraction 11, when chrematographed, did not vield any known ninhydrin sress.

The one spot obgerved near the origin was presumed te be an artifact resulting

from the amuonium hydroxide treatment. Fraction 111 was found to centain ironm,

calcium, copper, and magnesium. Iron was identified by four specific color

reagents. The other metals were in trace amounts and could be identified only

by their location on chromatograms visualirzed by ultraviclet light, The total

inorganic material adsorbed was less than 0.1 per cent of the amcunt present

in the test sawple, The three fractions were concentrated, weutralized, and

added back to Duolite~trested blood from which they were obtaingd, Growth in ]
these test samples was entirely comparable to that obtained in Duolite~treated :
bleed. If a growth-inhibiting factor was adsorbed by the Duolite, it could

not be dewonstrated by the methods tried,

Paper electrophoresis failed to show any significant difference between i
normal plasma and Duolite~ireated plasma., A protein or protein complex did not '
appear to be involved in the growth enhauncement.

2. Results of Warburg determinations

While the infermation obtained from oxygen consumption determinations
does not give accurate information as Lo variations in bacterial count, such
determinations do indicate rates of early engymatic activity in the test mix-
tures., Despite the fact that the inoculum used was extremely large as com=
pared to that used in the bacteriolegical studies reported in Part I, it was
felt that perhape the information gained by these messurements might be help~
ful in determining the nature of the enzymatic or enviromsmental adjustment
the organism found it mecesgary te make fn the eo-c2lled "1lag" phage bofore
it could proceed into the logarithmic phase of its growth, It was also heped
that by comparing the effects of verfous changes in the medium, using oxygen
consumption determinutions with large imocula en the one hand and the extent
of multiplication of small inocula as determinad by actual bacterial ccumts
on the other, we might obtain informatiom which would allew us to use (within
certain recognized limitations) Warburg determinations as a screening pre~
cedure in planning future bacteriological studies. The sdvantage ¢f such a
screening procedure in terms of total numbar of man~hours ssved is obvious.
It should be emphasized thet evea with all else equal, tha Warburg data guve
information only about changes eccurring in the firat four to six kours after
transfer of the inoculum to the test mixture and did net nscassarily represent
vhat happened in cultures on prolomged incubation.

A number of experiments were conducted employing the Warburg spparatus
and variations in the medium presented for growth of P. tularensis., The
results expressed in terms of oxygen cousumption are shown in Table VI. The
following general observations ssem indicated from these data:




(1) Growth of the organiem is snhanced by Duoclita treatment of plasma
as well as wholae bdlood, {f both are adjusted to ph 6.8 to 6.2, (Smaller
amounts of Duolite are requirad to adjust the pH of plasma to this point.)

(2) The enhancement accompiished by Duolite treatment remainas unchanged upon
removel of the rusin by filtration or centrifugation after the titration pro-
cedure, (3) Plasma adjustad tc pH 6.0 with hydrochleric acid was superior to
normal plasma but not as good as Duolite<treated plasma &t the same pH. (&)
Flasma through which hydrogen gas was bubbled was superior to normal untreated
plasma. (5) Plasma adjusted to pH 6.0 with hydrochleric acid followed by
hydrogen gas treatmen: gave results equal to those cbtained by Duolite treat-
ment. (6) Results obtained with blcod or plasma treated with the Na'form of
the resin were, in general, no different from those obtained with the untreated
media. (7) Duolite treatment of aged (6 to 9 weeks old) blood sr plasma did
not result in growth enhancement. (B8) Treatment with other cationic resins in
the R* and Ne* forms produced effects on growth siwilar to comparable forms of
Duolite €-3. (%) Normal and Duclite=treated rabbit blood were superior to
similar preparations of sheep bloed.

Although some of the difference in total oxygen consumptien over the
time period observed may not be great enough to just{fy per se the above
conclusions, most of the experimenis listed in the table have been repzated
and the same general trends in results observed, It is of interest to note
that where comparisons are availsble (points 1, 2, & 9 « See Tables I, 11, III
& IV) the data obtzlned with bacteriological methads, using small inecula and
prolonged incubation are in complete agreement with those obtained with the
respirometer with large numbers of organisms and studied for only a few hours.

From these obsexvations and the results of the Duolite fractionation
it was concluded:that the Duclite was contributing to the medium rather than
combining with or adsorbing some inhibitory factor in the blood., Since the
Nat form was not as effective a8 the H' form of the reeins studied, it was
concluded that the H' was the active facter. In additfen to lowering the pH
of blood, the H' might alter the Eh or oxidation~reduction (O~R) potentizl alsc.
Since molecular hydrogen similarly effects changes in Eh, this was assumed to
be the probable explanation of the bensficial action of hydrogen gas on plasma
at pH 6.0, (See Exp. IV ~ Table VI)

The passage of a direct current through a solution algo alters itw Eh,
Application of 5 to 10 volts of direct current to blood resulted in a rapid
shift of Eh to the reducing side. Organiams inoculated ianto blood treated in
this manner, however, rapidly readjust the O-R potential. To maintain a par-
ticular Eh reading in media with growing organigms, thereiore, additiomal volt=~
age muet be applied intermittently every few minutes. In one experiment in
which it was attempted to control the Eh at a point well on the reducing aide,
a definite increase in turbidity of the culture could be visualized within a
few houra, whereas the control culture required overnight incubation for simis
lar evidence of growth. Because of the many technfcal difficuities encountered
in this type of experiment ne conclusions could be drawn from its results mntil
more refined methods of contirecl of Eh by electrical mesmus car be developed,
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There are numsrous data i{n the literature detailing the effect ~f Eh on
bacterial growth, Scwe workers have shown that a drop in Lh to the . «cing
side occurs during the '"lag'' phase of bacterial growth and that multip.icstion
of the organisms could not be desonatrated until a specific Eh wes sttained.
There are reports also which indicate that the value of the particular Eh needed
before initiaticn of the logarithmic growth phase varies with different species
of organisms,

C. CONCLUSION

Chenges in O-R potentials developed during incubation of P, tularensis {n
several media have been determined, namaly, in normal guinea pig plasms, normal
sheep plasma, Duoliteetreated sheep plazms with and without removel of the
reain after treatment, and sheep plasma sdjusted to pH 6.0 with hydrechloric
acid,

S
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AN ANALYSIS OF 42 CASES OF LABORATORY~ACQUIRED TULAREMIA
(Overholt, Tigertt, Kadull, Ward, Charkes, Rene, Salzman,
Stephens}

1, INTRODUCTION

Since 1912, when McCoy and Chapini&zl first described Pasteurella tularensis,
the hazard of infection to the laboratory worker has been well recognized. Few
individuals escape illness if they continue to work with the corganism, Ovar a
24~month perjod starting in August 1956, 34 cases of laboratory~scquirxed tula-
remia were admitted to the Medical Service. An additienal eight non~hospital-
ized casses were detected. The clinical snd laboratory course was docurented
according to a protocol ianitfiated at the onset of this study. There were three
primary objectives: (1) to evaluate the clinical and laboratory manifestations
of the disease and attempt to estsblish criteria ’o achieve an earlier diag-
nosis; (2) to assess the efficacy of phenolizedﬁ and/o; ncetonu»extractedﬁl
tularemia vaccine in the prevention and/or modification of the disease; and (3)
to determine the effectiveness of tetracycline as a therapsutic agent. The
majority of these infections resulted from a streptomycin-resistant strain of
P, tularensis. ‘

II, METHODS

Symptome and signs were noted and graded daily &3 to severity. Rectal
temperatures and vital signs were ebtained every four hours. Supportive
therapy consisted c¢f bed rest, as deaired by the patient, and codeine or
Demerol (Winthrop Laboratories, New York) for the more severe headache and
myalgia; antipyretics were intentionally withheld. Isoclation procedures were
not practiced. Prior te the iritiation of thexapy each case was evaluated as
to the severity of illness and graded as wild, moderate, or severs., The 1ll-
ness was censidered as mild if the symptom-complex permitted the patfent te
work throughout the day but afterncon fatigue, chilliness, slight fever and

mala{wa wava mnatad. o madarata € tha matdant seaw -m-h‘e o sl amd heod wa
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for part of the day was desireds and as severe if the patient was compelled to
remain in bed throughout the day.

Routine bleod cell count, sedimentation rate (Wintrobe), Ceresctive protein
(Schieffelin and Co. reagents), and chest roentgenogram were cbtained twe to
three times weekly during hospitalization. Fasting gastric asspirates were
obtained fer ths first twe or three days following admission in 29 of the 31
hogpitalized ngn-ulceroglandular cases. From 30 of these patients pharyngeal
washings were obtained, using 15 ml of nutrient breth as a gargle. Initially,
morning and svening pharyngeal washings were collected for the first three
counsecutive hespital deys, but as the study progressed, the afterncon specimer
was discontinued. Fellowing instftution of therapy, gastric and pharyngeal
spacimens were studied as often as practicable. In 14 patfents & mildly pro-
ductive cough permitted evaluation of sputum. Isolation attempts were slso
made by bronchial lavage in three patients and nasal swabs in seven. BRloed
cultures were tried in 17 patients and discontimued when it became apparen:
that they were generally unrewarding. Materlal from local skin lesions in
three patients with ulceroglandular disease was cultured prior to, and afler,
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the onset of therapy. Pleural fluid from three patients was available for
isolation attempts.

Tulsreria agglutinin titers were determined at lesst weekly during the
esxly phase of discase and on each follow-up vieit, As a part of another study
by e¢ta of us (N.D.C.), serial gerum hemagglutinin levels ware obtained in 17 of
34 patients., Tulaxemia skin tests were performed shortly after admission and
usually weekly thereafter until positive. Each patient returned for weekly
followeup evaluations duxing the first month after discharge from the hospital,
monthly for the next three months and then every third month to complete a year.
These avaluations included interval history, physical examination, complets

blood coun:, sedi_entat{on rate, C-reactive protein (CRP), agglutinin titer and
chest film,

Isolation sttempts for P. tularensise from pharyngeal, gastric, sputum,
bronchial lavage, and pleural fluid specimens were performed in the follewing
manner: two 300 to 400 gnm male guinea pigs received 2 mlealiquots each, 1 ml
subcutancously and 1 ml intraperitoneally. An additional g7S te Z ml aliquet

vas plated on two te four glucese~scystine<blood (GCB) agara/ plates, with amd
without streptomycin (100 sg/ml of medium). Blood gpecimens were examined by
injection of & ml of s heparinised specimen into guinea pigs ae described above
and by culturing 5 to 10 ml in a diphasic medium which contained GCB agar aand

GCB broth. The bottles were observed daily for 30 daya. The guinea pigs were
obgerved daily for temperature ¢levatien, roughing of the fur, and hunching of
the back., 1In & sick animal, fever usually wes noted 2 to 5 days posteinoculation,
Deaths occurred 3 to 7 days after inoculation, At autepay, an infected animal
had exceasive, thick, clear periteneal fluid and a thickensd greater omentum,
There was a mucopurulent exudate around the spleen and liver.

surviving one week the liver and apleen we; . greatly enlarged and a fine granu~
lar infiltrate wes readily noted. A preliminary g}ugnnsts vas attempted by
smearing a leop of exudate and staining by Wayson:! and Gram methods., The

latter stain may demonstrate Gram=negative cocco-bacilli compatible with the
morphological chavacteristics of P, tularensis. However, organisms were diffie
cult or imposeible to visualixe againat the pizk backgreund of the exudate.
Wayson —aim wee cuperior since the organisme stafimed a dark blue against a
pink background. Regaxrdless of the results from smears, exudate from the sur=
face of the spleen and liver was cultured on GCB agar with and without 100 xg
of streptomycin per milliliter of medium. Growth occurred on both plates if

the organizm wag streptomaycin-reasistant but eanly on plates without streptomycin
if the organism was sensitive to this antibiotic, Grey, transiucent, I to 2 mz
colonies were spparent at 48 to 72 hours; a smear revealed a Gramenegative
cocco=bacillus. The organiasm was identified by a slide agglutination technique
using specific antiserum. Swabs of the nasal mucosa or skin ulcer were similarly
cultured. At lesast 2nc isclate irom every patient was examimed for sengitivity
to discs impregmavted with 5 and 30 ug &f chloromycetin, tetracycline, oxytetra-
cycline and chlortetrecycline. In addition, sensitivity to tetracycline was
further svaluated by determining growth on serial plates containing GCBA with 1
through 5 ag of tetracyclipne per milliliter of medium. In those instances where
the organism did not grow in the presence of 100 mg of streptomycin per milli-
liter of modium, the sensitivity ze 10 mugm was determined.

In guinea pigs




Two strains of P, tularensis were responsible for the cases of tularemia
in this study. The parent strain ig a virulent culture (SCHU) origimally
isolated by _Foshay from a human ulcer im 1941. 1In 1951, Eigelsbach, Braun,
and Herring’l/ while correlating celonizl morphology, pathogenicity, and
immunological properties of this strain, iselated diatinctly different,
colonial types from a supposedly pure stock culture. From these types a
variant (SCHU S4) was picked which gave rise to a atable homogenscus aub-
culture with high virulence for mice, guinea pigs, monkeys, and rabbits.
The streptomycin-resistant wutant (SCRU S5) was derived from SCHU S4. Sub-
sequent evaluation has indicated a retention of resistance to streptomycin
as well as the virulence characteristics of SCHU S&.

Skin tests were performed with 0.1 ml of vaccine diluted 1:1000 in.
physiological saline, injected intradermally into the flexor surfsce of the
forearm. A skin test was positive if 10 mm or more of erythema and edema
were apparent at 48 hours,

The agglutinin titer was performed in the following manner: to the first
of 6 tubes, 0.9 ml of physiological saline was added amd 0.5 ml to the remain-
ing 5 tubes. One~tenth milliliter of test serum was sdded to the first tube,
mixed with the saline aliquot and 0.5 ml transferred to the second tube, This
then was mixed and serial dilutions were garried out, Giscarding 0.5 =l of
serum-saline mixture from the last tube. The antigen, ; formalin-killed pre-

or

paration of the SCHU S4 astrain (concentratien of 3 x 10 anisms/ml), was
then zdded in 0.5 ml aliquots to each of the serum-saline dilutions. After

shaking to insure proper mixing, the tubes were centrifuged for seven minutes
at 2000 rpm and immediately read for visible agglutination. The highest serum
dilution capable of agglutinating the antigen was taken as thke end-point and
read as follows: 4%, coarse flocculation with slightly cloudy supernatant;
3*, 75 per cent coarse flocculation with slightly cloudy supernstant; 2%,

50 per c.nt coarse flocculation with moderately cloudy supernatant; 1F,
definite fine flocculation with moderately cloudy supermatant; plus-xinus,
minor degree of flocculation with cloudy supernatant; negative, cloudy or
vpaque soluiion with no flecculation. The serum dilutions were recorded ag
1:10, 1:20, 1:40, ete. The highest serum dilution in which there was one plus
or greater flocculation was the reported titer.

The hemagglutination test was performed after the method of Alexander,
Wright and Baldwin8/ and Wright and Feinberg®/. Essentiglly, this method
utilizes type O blood cells sensitiszed to the polysaccharide extraction (with
liquid phenol) of acetone-killed P. tularensis. Five-tenths milliliter of a
0.5 per cent sensitiged-erythrocyte suspension was sdded to each tube contain~
ing 0.5 ml of serial two-tube dilutions of patient's merum at room teaperature,
and the settling pattern observed two hours later. The titer of a merum was
recorded ss the greatest dilution giving partial or complete hemagglutination,
An attempi was made in 14 patients to detect the cellular polysaccharide eof
P. tularensis in varicus body fiuids and excreticne utilixing the hemagglutie
nation~inkibition method. This test was performed by adding 0.25 ml of speci-
men (pharyngeal washing, gastric washing, sputum, or urine) teo 0,25 ml of
human serum having a high tularemia agglutinin titer. After over-night imcu~
bation at room temperature, 0.5 ml of a 0.5 per cent suspensien of erythrocytes




sensitiged with P. fulsrensis nolysaccharide was added, the titer noted and
compared with a contral set of tubes containing saline instead of a body fluid.

111. MATERIAL

All bt ome of the 42 patients were under the age of 45 with a range of 21
te 65 years, There wexe 41 males, seven of whom ware nagroas, and one female,
a negress. With tke exceptions of a patient who had "chromic brucellosis" and
anothey with chronic sinusitis, &ll were in excellent hzalth prior te the onzet
of tularemia. Nome had a history of naturally-occurxing tularemis prior to the
initial vaccination series. Immunigation procedurss had consiated of three sub-
cutsueous injections of phenslixed or acetoue~extracted tularemia vaccine, 0.25
ml oo the first day and 0.5 ml daily on the next two days. Routime boostar
series, ceumisting of 0.25 wl and 0.5 ml for two consecutive days, were usually
given six months teo on2 year following this preocedure except in the sccasional
pationt wlo had & positive skin test at the time for the booster ssries. As
may be saen in Tables I and II ths initial vaccination series wag accoxplished
from one month te &s long as 11 yeare prior to the onset of illmess in the 42
cases. Thirty~two of the group had raceived one to savan booster series, with
approximataly 90 par cent receiving four or less. Fourteen of these 32-bacame
i1l less than six months after their last booster. The remaiming 10 had received
an initisl series only, ranging from one month to as leng as five and a hslf years
prior to infection. Saven of the 10 became 111 less than six months after immuni-
zation., Thua, at least ene-half of the cases had either their initial or beoster
series less than 2ix wenths prior to illneas, All but two patients were known te
have hed agglutinating antibodies at some time before infection; in 80 per cent
this titer had been determined within six months preceding the illness.

Occupational activities resulted in frequent potential respiratory exposure
to P. tularensis in most of these individusls. In 21 of the 42 patients,
incidents, such aa breakage of seeded petri plates, leaks in hoods, etc.,
occurred. Such instancee permitted an estimatisn of the incubatien perieds. In
17 the presumed incubstion pericd was from 3 to 6 days, with the remaining four
between 7 and 12 days,

Of the 34 hospitalized patients, three had ulceroglandular digeasze, 14
typhoidal disease, and 17 a typhoidal form with pulmonary invelvement. In
neither of the latter two categories were skin lesions present and they differed
only i{in that the pulmonic group had chest x-ray abnormaiities. The eight
non-hespitalized cares arbitrarily were classified as typhoidal.

A, CLINICAL OBSERVATIONS IN HOSPITALIZED PATIENTS

A grippal symptom-complex, of varying severity, consisting of feverishness,
headache, chiliineas, diaphoresis, malaise, and anorexis was seer in the 34
hospitalized patienta. On the basis of subjective criteria described earlier,
the 1illness was considered mild in 19, moderate in 9, severe in 6. (Table I)
This division was further emphasized when the day of hospital admizzion was
compared to the day of illness: all 3ix of the severely i1l patients were
admitted within the first week of illness, wherecas over one~half of the mild
to moderately 111 patients were acdmitted after the first week. This delay in
hospitalization is attributed to the mildness of the illness so that the patient




TABLE I.

SUMMARY OF 34 HOSPITALIZED CASES OF TULAREMIA WITH

RESPECT T

ANAeS A KU A

SEVERITY, VACCINE ADMINISTRATION, AND AGGLUTININ TITER
(1956-1958)

0
3

ACCINE ADMINISTRATION

TULAREMIA AGGLUTINI

TITER day®/

sign means interval before onset.

No booster given, time is that of initial series.

Initial | Pre-Infec- First -fald] Max{mun
CASE | YEAR |SEVE- Series Boogter tion level [ Obtained | Rise i: [Day
NO, RITY |[Month |No. Month | 1: Day During | Day
af b/ b/ Illness
1: Day
ULCEROGLANDULAR CASES
1 |1956 |Mild | -62 4 .27 320 {-125 [320 | 2 |Nonme | 320] 44
2 [1957 |Mild | -72% |1 -61 0 |-91 10 | 11] 22 '1280] 39
3 [1958|mML1d | -41 2 -5 80 |-41 640 | 10] 30 l1280] 30
TYPHOIDAL CASES WITH PULMONARY INVOLVEMEN
% [1956 MLild | -66 1 -S4 40 1-75 80 | 8| 26 |2560] 40
5 (1956|Mild -8 1 -3 20 |-3 40 | 3| 23 |1280| 23
6 |1956|Mod.. | -65 0 -65¢/ ! sol-101 | 80| &) 30 |2560]| 46
7 |1956[Mild | -5 0 5& | 80 |-24 [320] 2| & |2560] 9
8 |1957|mMi1da | -91 5 -33 |160 |-61 | 160 | 10 | None |1280] 31
9 {1957{mMt1d | -37 1 -26 80 |-60 40 | 2| 29 | 640| 29
10 |1957|Mi1d | -40 3 -<1 80 |-12 go| 6| 36 |1280] 32
11 1957 |Mod. -103 |6 -6 20 |-187 | 40| 5| 23 12560| 43
12 11957 IMed. -56 1 -4 160 |-150 |160 | 7| 18 {2560{ 18
13 |1857|M11& | -50 z -1 40 |-58 40| 6| 34 |1280] 49
14 1956]Sev. -14 1 -6 320 |-28 280 6 | None |128B0] 6
1957 |Mod. -36 1 -29 1160 |-197 |160 | 1 !xone |1280] 60
15 [1957|Mild | -36 3 -2 40 |-54 40 | 3| 19 [1280] 28
16 |1958!Mod. -43 1 -11 |160 |-53 40 | 3| 30 | es0] 30
17 |1958]Sev. -61 2 -3 40 |-131 | 80| 2| 25 |2s60) 31
18 [1958|Sev. -81 3 -49 10 |-106 0f{ 1| 11 2560 28
19 |1958|Mi1d | -127 |7 -9 320 |-72 160 | 7] 23 |1280] 23
20 |1958{Mod. -13 1 -7 40 |-62 40 | 31 23 l1280] 37
TYPHOIDAL CASES WITHOUT PULMONARY INVOLVEMENT
21 | 1956]Mod. ~26 1] -18 80 |-4 80 ] 9| 33 |1z80] 33
22 |1956|M11a | -44 0 448/ | 40 |-103 | 80| 8| 19 |1280] 19
25 |1956|Mi1d | -16 1 -16 160 |9 80| 5] 19 {2560f 34
26 |1956|Mi1a | -28 1 -21 40 |-187 | 40 ] 1| 27 |1280] 30
25 |1957|m11d4 | -48 0 -488/ | 40 |-3 20| 1] 20 |256u] 27
26 |1957|sev. | -5 0 -5 & | 20 |-17 s | 3| 30 |1280] 33
27 11957 Mod. -62 |1 ~51 0 |-53 100] 5| 23 | es0| 31
28 | 1957]sev. -53 2 - 20 |-19 |320| 2 |Nome | 640] 29
29 |1957|mt1a | -59 0 -59¢/ | 40 {-43 40 | 12| 21 lz560] 40
10 119571sev. | -5 o s/l g lia3 ;26 zi 31 11280 38
31 |[1958|Mod. -41 1 -39% | 20 [-129 | 10! s 12 |i1280] 22
32 |1958|Sev. 95 5 -1k |160 |-7 80| 2 |Noue | 640] 60
33 |1958)mMi1a | -48% |1 -40 10 |-13 10| 3} 19 [1280] 36
34 |1958|Mi1d | -14 1 -5k 20 |-199 | 10] 4| 25 | 320} 25
a, See text for definition.
b, Time is given in months or days relative to Day 1 of disease. Minus (-)




TABLE IY. SIMMARIE: OF 8 NON-HOSPITALIZED CASES OF TYPHOIDAL TULAREMIA WITH
RESPECT TO VACCLNE ADMINISTRATION, SYMPTOMS, AND AGGLUTININ TITER
(1356-1958)
VACCINE ADMINISTRATIO SYMPTOMS TULAREMIA
CASE | YEAR |Initial Dura- | AGGLUTININ TITER
NO, series | _ Booster Type tion | Base Liue |{B8-fold Rise
month®/ | Ko, |Month® days [1: Dayd/| 1: |Dayd/
35 | 1957 -1 0 -127" Kchills, night |5 - 620 [ -30 2560 | 76
sweats, mal-
aise, anore-
xia, fatigue.
36 | 1958 -80 4 -4 eadache, 9-10}80 | -150 | 1280 | 38
lethargy, &
chilliness, 7
norexia.
37 1958 -54 3 ~5 light fever, 6 20 | -180 | 2560 ] 36
chilliness, &
ry cough, 3
. alaise,
38 1958 -3 0 -327 ORI, cough, 10 40 | -12 1280 | 11
headache, &
sore throat 30
39 | 1957 -5 0 -58/  Mild VURI. 3 80 | -4 1280 [ 18
40 | 1957 -84 -10 rontal head- 145120 | -150 | 1280 40
jache, cough
low-grade
fever,
., malaise,
41 1957 -5 4] ~5%7 Headache, 2 - 3/80 | -60 2560 | 25
lanorexia, &
nasal stuffi- 1
mess
42y 15857 -17 1 -11 Chills, elight! & 140 [ -60 1280} 2
fever, sore
throat; slight 2560 | 6
cough, head-
tche, back
che

Time is given in months or days relative to presumed Day 1 of disease:
Minus (-) sign means interval befnre onset.

No booster given, time 1is that of initial series,

Therapy, consisting of 0,5 gm streptomvcin, given on days 1, 13, and 14 of

digsease.




did not seek medical attention unti] persistence of symptoms became disturbing.
0{ cqual importance was Lhe inability of the physicilan to differentiate the
symptons of tularemia from a common respiratory or grippal state. A concurtent
influenza epidemic (described in detail elsewhere) complicated recognition;
during itse course one~half of our group became i1l with tularemia. 1In the
absence of acute symptoms, it was not practicable tc admit all grippal casces
and such patients were followed clesely in the out-patient clinic. Individuals
were admitted as suspect tularemla 1f there was persistence of grippal symptoms
and fever, with or without abnormal sediwentation rate and CRP, or if x-xsy
evidence of pulmonary involvement was found.

The high incidence of respiratory symptoms was astriking inm the 31
non~ulceroglandulax hogpitalized cases. All but four had at least one of the
following: cough, coryza, soxe throat, or chest distreas accompanying or
appearing shortly after the ounset of grippal symptoms (Figure 1). These
respiratory symptoms were usually mild and included a dry to slightly pro-
ductive cough, minimal nasal stuffiness, a raw feeling of the throat, and
vague substernal tightness. Symptoms of a severe upper respiratory infectionm,
such as marked nasal stuffiness, severe rhinorrhea, substernmal soreness or
cough, were not seen. With the exception of more frequent pleuritic chest i
rain and cough in the patients with radicgraphic evidence of pulmonary involve- |
ment, there was no difference in the incidence, severity, or type of respira-
tory symptoms between the typhoidal and typheidal-~pulmonic groups. Furthermore,
the presence or absence of x~ray evidence of pulmonary disease could not be
related to the severity of the grippal state or fever, with the exception of
the one critically i1l patient who had extemsive pulmonary involvement.

The maximum rectal temperature usually occurred in the evening hours,
ranging from 101.0 to 105,8°F, and generally paralleled the severity of illness.
I~ about one~half of the 34 patients the fever did not exceed 103.0°F., Ponitive
physical findings (Figure 1) in the non-ulcereoglandular cases were usually
limited to *he .ecpfr-torv twrct. Ne- .nurulent pharyngitis and rhinitis were
comaon, Ches. .. .lings were limited to the x-ray-positive g...; and consisted
of sigis of pleurel fluid in four patienits and of fine to coavse Tales in four
patients with breonchopneumonia. With the exception of transient splenomegaly
in one patient and persistent submandibular adenmopathy in anether, there were
no other physical findings.

In the three ulceroglandular cagses, symptoms were limited to a mild
grippal state and regional lymph node enlargement, pain and tenderness. In
two irdividuals the skin leaion consisted of a 3 te 4 :mm painless, erythematous
papule which rapidly progressed to ulceration, The lesion was located in one
patient on the dorsal aspect of the right wrist at the margin where the pro-
tective rubber glove ended and, in anotker patient, under the nail tip of the
left third finger. The third patient had a perionychia of the left thumb with
twe lecm satellite ulcers, one on the lower one-=third and the other on the
upper one~third of the medial aspect of the forearm. In all instarces there
was probable local trauma or a preceding lesien at the time of contamipation
of the gkin site. Tender, non-fluctuant, l- to 2~cm epitrochlear ard axillary
nodes promptly appeared in all three individuals.




FIGURE |. PRINCIPAL SYMPTOMS AND SIGNS IN 3i
HOSPITALIZED CASES OF TYPHOIDAL TULAREMIA.
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B. LABORATORY OBSERVATIONS IN HOSPITALIZED PATIENTS

Serial chest roentgenograms were negative in the three ulceroglandular and
positive in 55 per cent (17) cof the 31 typhoidal cases. In these 17 patients
a pneumncnic infiltrate was noted in 15, hilar adenopathy in ¢, pleural effusion
in 4, and perihilar linear streaking in one. The pneumonic lesion had a dis-
tinctive appearance; 1in 13 of the 15 thexe was an oval 2 to B8 cm density with
indistinct borders (Figure 2a), being multiple in only three patients. There
was no predisposition to any one lobe but in five the infiltrate was juxta-hilar,
merging with the hilpr shadows. In one of the 15 patients (Case 18) lobar con-
solidation was observed (Figure 2b). The remaining cese had a diffuse broncho-
pneumonia of one lobe, The availability of multiple pre-illness chest films
permitted a critical evaluatfon of hilar shadows, The moderatc, unilateral
hilar enlargement was always associated with other abnormalities, occuxring with
a preumonic infiltrate in 8 patients and perihilar streaking with pleural effusion
in the remsining case. Pleural effusion was seen as an isolated occurrence in
but one patient.

The initial white bleood cell count exceeded 14,000/cu mm in only two of the
34 patients. The differential count usually demonstrated a ''shift to the left"
of the neutrophils and a few atypical lymphocytes. The sedimentation rate
(corrected sedimentation rate used throughout) and the CRP were found to be
abnormal shortly after the onset of 1llness and paralleled one ancther during
the acute phase. 1In 16 of the 34 cases examinations were made during the first
3 tc 4 days of illness and were abnormal that early in the disease.

A 4-fold or greater rise in the specific agglutinin titer was usually
apparent by the third week of 1llness. An 8-fold (considered diagnostic) rise
was noted in three patients within the first two weeks and in 25 between the
3rd to the 5th weeks from the onset of i{llness. The remaining six patients did
not develop 8-fold rises, the diagnosis being confirmed Ly isolation of the
organism, This latter group had pre-infection titers of 1:180 to 1:320; one
misd uicrvoglandular casc had no rise fu agglutini. ticer, the other five had
4= to 6~ fold titer rises. 1In canirsst the pre~infection titer, in the 28
patients in whom there was at least an 8~fold rise in titer, ranged from 0 to
1:80 (Table I).

Elevation of hemagglutinin and agglutinintibers were detectable simul-
taneously on 17 patients when tests were performed on serial specimens. How-
ever, in the sera of ten patients there were 8-=fold ri-28 in the hemagglutinins
7 to 10 days earlier thanm in the agglutinating antibodies., The peak level was
reached simultaneously in 6 of the 7 remaining cases. In one instance there
was no rise in the hemagglutinin or agglutinin titer.

The cellular polysaccharide of P. tularensis was not identified in the 33
pharyngeal, 10 gastric, 4 sputum, and 18 urine specimens obtained duiring the
acute phase of illness from 14 patients.

Skin tests were performed during illness in 29 of 34 patients. Twelve
patients had negative skin tests when firet seen (4 during the first week, 5
during the second week, and 3 in the third and fourth week) which converted to

s e
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FIGURE 2. CHEST X- RAYS,
A. 8TH DAY OF ILLNESS, SHOWING A 7 CM OVAL INFILTRATE iN THE
RIGHT UPPER LOBE
B CASE 15 6 TH DAY OF ILLNESS, SHOWING EXTENSIVE SAONCHOPNEUMONWK
INVOLVING THE LEFY UPPER LOBE WITH BEGINNING CONSOLATION
AND ASSOCIATED LEFT HILAR ENLARGEMENT
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posiiive.

The remaining 17 had posit?:c ehin tests shorily after admission.
Thua in epproximately 40 per ceot of the cases the skin test was not helpful
in early diagnosis.

Table III shows the status of isolatio:r attempts from gastrie, phuryngesl,
and sputum specimens.

TABLE III, STATUS OF ISOLATION ATTEHPTSg/ FROM GASTRIC, PHARYNGEAL, AND
JAL TULAREMIS. CASES

SPUTUM SPECIMENS IN 30 THVP!

CASES BY INITIAL WEEK TRIED TOTAL
SPECIMEN First S _ Third
iNo. Positive | % | No. Positive | % |No, Positive | % |[No, Positive
No, Tried No. Tried No. Tried No, Tried
Gastric 14/17 82 6/10 60 1/2 50 21/29
Pharyngeal 12/18 67 4/10 40 0/2 0 16/30
Sputum 6/7 B6 5/6 83 1/1 100 12/14

|

a, Attempts by guinea pig inoculation and/or culture on GCBA medium,

Fasting morning gastric aspirates yielded P. tularensis in 70 per cent of 29

typholdal cases.

by this method had negative gastric washings.

Pe~wevarsy

only 15 had positive pharyngeal washings.
in 12 of 14 patients;

involvement.

eiata

21 had P

In 17 patients the first gastric specimen was positive, with
the second attempt adding only four additional cases.
were negative If the first two attempts were umsuccessful.
were positive in 16 of 30 patients,
results, being positive in 75 per cent of the cases.

Further gastric specimens
Pharyngeal washings
The initisl apecimen yielded the best

Only twe patients, positive
In 23 patients where gastriec and/

et

[P ST T DY T
csitive KEABLTIL Wabudilgs, wiueieas

Sputum was positive for P. tularensis

three of these did not have x-ray evidence of pulmonary

and/or gastric washings.

Eleven of the 12 with positive sputa alsc had positive pharyngeal

Initiel attempts te imolate the organism from gastric, pharyngeal, and
sputum specimens were made in 18, 10, and 2 patients during the first, second,

and third week of disease respectively.

Miscellaneous specimens included

bronchial lavage, which were positive in 2 of 3 patients, and nasal swabs,

positive in 1 of 7

positive isolates from the gastric and/or pharyngeal washings.
patients from whom no organisms were isolated, the diagnosis was establighed

by the subsequent 8=-fold or greater rise in agglutinin titer in the convalescent
In swmary, the organism was isolated from 25 of 30 patients with
typhoidal tularemia, utilizing gastric, pharyngeal ard/cr sputum samples. The
organism was isolated from the three ulceroglandular cases by culturing the

phase sersa,

[———

these positive isolations were from patients who also had

In tue five
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ngcculation

exudate from the local lesion. 1n spite of culture zand
df of only

of bloed from 17 patients, the organism was recovere
the critically 111 case.

[-9
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At leagt one isolate from each patient was exsminad for antibieiic sensi-
tivity. All were sensicive to 5 ug of chlortetracycline, oxytetracycline,
tetracycline and chloromycetin, In addition, bacteriostasis of each isolate
was dempnstrated on GCR agar containing as 1littls as 1 ug of tetracycline per
milliliter of medfum, Xn 22 of the 20 patiente, (25 typhoidsl, 3 ulcero-
glandular) the {solates grew readily in the presence of 100 mg of atreptomycin.
The strain was sensitive to streptomycin in the remalning ¢ patients. In every
instance the inm vitro evaluation of the isolate agresd with the mpensitivity
status of the organism to which the patient had been exposed prior to infectien,

Thirty-~two of the 34 hospitalired patients were treated (Table IV); all
received bacteriostatic drugs with two receiving streptemycin as well. Orsl
tetracycline in four divided doses (every 6 hours) was given to 27 patlients:

2 gm daily to 26, 1 gm daily to onme. Sixteen of these 27 cases reccived an
initial one gram "leading dese.' Three patients were given other bacterio-
static drugs: one, 2 gm daily of chlortetracycline (Case 24); one, 2 gm daily
for 10 days of chloromycetin (Case 22) followed 18 dsys later by 2 gm dsily

(10 days) of Albamycin (Cpjohn Co., Kalamaxoo, Mich.); and one (Case 18), 1.5
gn daily for 5 days of intravenous oxytetracycline, followed by 3 gm daily of
oral tetracycline for 16 davs (tetal 21 daye). 7Two patients were given tetra=
cycline and streptomycin (2 gm daily) for 10 days (Cases 1 and 25). A summary
of therapy administration is given in Table V.

TABLE V, DURATION OF THERAPY IN 32 FATIENTS

NUMBER OF PATIENTS
THERAPY Duration of therapy days
68 1011 13=-14 16 21 TOTAL

Tetracycline 5 14 ( 6 1 1 27
Chlortetracycline 1 0 0 Q 0 1
Chloyxomycetin 0 1 0 0 0 1
Oxytetyacycline
(IV) and 0 0 0 0 1 1
Tetracycline
Tetracycline
and Streptomycin 0 2 0 0 0 2

TOTAL 6 17 6 1 2 32




TABLE IV, RESPONSE TO ANTIBIOTIC TREATMENT IN 34 HO3PITALIZED CASES OF
TULAREMIA INCLUDING SENSITIVITY TQ STREPTOMYCIN

"_' [BROAD SPECTRUM THERAPY | FEVERY/ STREPTOMYCIN SENSITIVITY
ﬂwgflTY CASE |Initi 223 c Duration | POST-THERAFY OF ISOLATE
N, [ [Tpd| days days AND_QTHER_COMMENTS
ULCEROS LANDULAR '
Mild 2 12 - 14 2. Resistant
1 SE/ - 9 3 Resistant
3 9 - 14 5 Resistant
TYPROIBAL WITH PULMONARY INVOLVEMENT £
Mild 7 Mone - None 4—/ Resistant
5 10 - 10 0 Wo isclaiion
4 15 - 10 1 Resistant
10 15 - 13 1 Sensitive
9 4 + 16 2 Resistant
8 9 + 14 2 Resigtant
19 10 + 11 3 No isolation
15 17 + 11 3 Sensitive
IR T AU S S S | Semsitive
Woderate™s™ ~{ 777 [T ="1" 77 "1 Beststaut ~ -
None - None 17£/ Untreated relapse
16 6 + 10 2 Resistant
14 9 + 10 2 Sengitive (Reinfection)
69/ - 11 2 Resistant (lst Infection)
20 5 + 11 3 Sensitive
30 - 13 3 Treated relapse
12 9 + 14 4 Reglatant
SRR b SR E S R S B - | 5 Resistant .,
Scvere |17 + 77717 7277 T T Bemsltive T T " T T -
25 - 13 2 Treated relapse
118 6 1 21 16 Resistant
TYPROIDAL WITHOUT PULMOMARY INVOLVEMENT -
MIild 33 None - None 3 ke lsolation
23 9 - 7 1 Resistant
34 2 + 14 2 Resistant
29 N + 10 4 Resistant
25 20¥/ - 27 4 No isolation
24 14 - 7 6 No isclation
e e w22 120 S =) 200 O} L 70 - . . -Resistant_ _ _ _ _ _
Moderat¢3l F 5 + 11 2 Resistant
27 6 + 10 2 Resistant
SN > S IV U IR IO TR IS S | No_attempts to_isolate
Severe |26 6 - 1 i0 i Realstant
31 - 15 5 Treated relapse
28 2 - 6 2 Resigtant
32 3 + 11 2 Kesigtant
30 6 + 11 2 Resistant
a, See text for definition,
b. Day of disease,
¢. L.B. =1 to 2 gm "lnading" dose of antiblotic.
d. Fever = any rectal temperature greater than 100.0° ¥,
e. Brrad spectrum therapy with added streptomycin.
f. Total days of fever.
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FIGURE 3. STATUS OF ISOLATION ATTEMPTS IN 27

TYPHOIDAL TULAREMIA PATIENTS
WITH RESPECT TO BEGINNING AND DAY
OF BACTERIOSTATIC ORUG THERAPY
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Therapy was instituted during the first, second and third week of illnecss
in 14, 14, and 4 patients rcspectively.

In all cases there was a dramatic fall of fever within the first 24 hours
with only four patients having rectal temperatures exceeding 101.0°F after 48
hours. The mean duration of any rectal temperature elevation above 100.0°F
(Table 1V) following onset of therapy was 3.3 days with a median of 2 days.
There was a corresponding improvement in symptoma within the first 48 hours,
The reaponse was equally rapid i{n the six cases categorized as being severely
111 and in 10 patients whe did not receive the oune gram 'loading dose" of
tetracycline. Only two patients had a low grade fever exceeding one wiek after
initiaticn of drug. One of these individuals was mildly ill but had a per~
sistent pleural effusion (Case 13); the other was a critically {11 patient
with lobar pneumonia (Case 18). With these two exceptions, all patients were
essentially asymptomatic in less than one week after initiation of therapy.
The majority of patients demonstrated a fall in the sedimentation rate and &
return to normal of the CRP during or within two weeks following completion
of drug therapy. Likewise, the lung lesions began to improve during the first
week of treatment, thereafter slowly resolving and clearimg by the fourch to
the sixth week. In the three ulceroglandular cases the skin lesions began to
improve during the first week of treatment and had healed by the second to
third week. The lymph nodes regressed to the point of being non-tender and
shotty at 3 to 4 weeks.

The recovery rate of P, tularensis following the initiation of bacterio-
static drug therapy in the typhoidal tularemia casez is demonstrsated in
Figure 3. It should be noted that the organism was regularly isolated from
sputa, pharyngeal washings, and/or gastric washings throughout the first,
but not the second, weck of treatment, irrespective of whether therapy was
started during the first, second, or third week of illnecass.

Only three patients had complicated clinical courses during their initial
treatment, One individusl on the 12th day of {llneas daveleped a large subh-
mandibular lymph node which was eventually biopsied (Case 22). Another
patient had a slowly clearing pleural effusion with residual pleural thickening
in spite of 21 days of tetracycline therapy (Case 13). The third patient, who
was critically 111, responded promptly to therapy but required a two montk
convalescence (Case 18).

Four patients had an excellent initial response to tetracycline, followed
by a recrudescence of disease one to two weeks after cessation of therapy
(Figures 4 and 5). In each inatance the symptoms were lecs severe than during
the initial illness. Sedimentation rate and CKP were again abnormal.

Cage 26 with typhoidal tularemia relapsed 7 days after a 10-day course
of tetracycline started on the 6th day of disease,

Cage 17 with typheidal-pulmonic disease relapsed 14 days after com-
pletion of 7 days of tetracycline begun on the 3rd day of i{llness. Therapy
was initiated on the 2nd day of relapse and attempta to isolate tue organism
from the pharyngeal and gastric washings were unsuccessful.
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FIGURE 4 SUMMARIES OF TWO RELAPSE CASES OF TYPHOIDAL
TULAREMIA, CASE 6. WITH PULMONARY INVOLVEMENT, UNTREATED DURING RELAPSE.
CASE 17. WITH PULMONARY INVOLVEMENT, TREATED DURING FRELAPSE,
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FIGURE 5. SUMMARIES OF TWO RELAPSE CASES OF TYPHOIDAL.
TULAREMIA . CASE 20, WITH PULMONARY INVOLYEMENT, TREATED DURING RELAPSE.
CASE 26. WITH PULMONARY INVOLVEMENT, TREATED DURING RELAPSE.
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Case 20 with typheidalspulmonic disease had a relapre of grippal symptoms
and pleuritic chest pain 14 days after completing 11 days of tetracycline
instituted on the 5th day of diesease,

In each instance, a 2 gr daily oral dose of tetracycline, given for 16 to 14 days,
promptly controliad the disease,

Case 6 with typhoidal-pulmonic disease relapsed 7 days after completicvn of
a week of tetracycline started on the 7th day of illness. Unfortunately no
attempt was made to jgolate the organism during this presumed relapse, nor was
additional therapy given.

The incerrelationahip of cthe week broad spectrum therapy was started, duration of
therapy, and relapse incidence {s demonstrated in Table V.

Tairteen of the 28 treated patients with typhoidal tularemia, were given
bacteriostatic antibiotics within the first 7 days of their iliness; the four
relapses occurred ic ihis group. In contrast, there were no recurrences in the
15 individuals who were treated with a aimilar dosage and duration after the
first week of fllness. Despite the abserce of frank relapse in this latter
group, five asymptomatic patients (Table VI) had rises in sedimentation rate
and/oxr CRP gccurring, at about the same time as the previously described clinical
relapses, 1.e., 1 to J weeks after therapy (Figure 6).

TABLE VI, RELAPSES AND "SUBCLINICAL"S/ REBOUNDS IN 30 CASES OF TULAREMIAD/
WITH RESPECT TG TIME OF INITIATION AND DURATION OF BROAD SPECTRUM

THERAPY
DURATION NUMBER OF CASES
OF Therapy Therapy
THERAPY | starxted |[Clinlcal "Subclinical'" | started Clinical|"Subclinfical"
days firat Relapees Rebounds second or | Relapses| Rebounds
week third week
6 =8 3 2 0 3 0 2
10 - 11 7 2 1 7 0 0
13 « 14 1 0 o 5 0 2
> 14 2 0 1 2 0 1
Total Ne, 13 4 2 17 0 3

a, See text for definition.

b. 1Includes 28 typhefdal and 2 ulceroglandular czaes.
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" been initiated during the first week of illinecss,
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This "subclinical" rebound alse occurred in two patients in whom therapy had

Two hospitalired cazes did not recelve specific therspy. One patient
(Case 7) was hospitanlired on the fourth day of an illpess characterized by
low=grade fever and mild grippal symptows. He was ssymptomatic the following
day. The other patient (Case 33) complained of frontal headache, low back
pain, weakness, moderate cough, and occasional shaking chills of one weeks
duration. On the first hospital day his temperature reached 104,0°F; on the
following day he was afebrile and asymptomatic., Chest films were normal and
attcmpts to isolate the organism were unsucceasful. A positive egkin test and
a subsequent rise in tularemia agglutinating antibody from 1:10 to 1:1280
confirmed the diagnosis.

C. NON-HOSPITALIZED PATIENTS (Table II)

It has become a routine procedure te obtain follow-up tularemia agglutinin
titeras and skin tests after non-specific respiratory or grippal illness that
may eccur in a lsboratory worker. Three cases (Nos. 35, 36, 37) were identi-
fied in this manner. Each had had mild grippal and upper respiratory symptoms
lasting for 7 to 10 days. Convalescent sera demonstrated an 8-fold rise in
the tularemia agglutinin titers within four to six weeks snd the akin test
converted to positive., The remaining five patients were not aeen during thelir
i1lness. One individual (Case 38) reported a potential exposure; blood was
drawn and a tularemia antibody titexr was reported as 1:40., At a follow-up
evaluation 23 days later the titer was 1:1280; and the gkin test had converted
to positive. Interval history indicated a mild grippal and respiratory illness
of approximetely ten days duration which occurred 12 days following exposure,
A fifth patient (Case 39) was {dentified by his participation in a vaccine
evaluation gtudy in which monthly agglutinin titers were obtained, Five montha
following the initial vaccine series hie titer was known to be 1:80, One menth
later it was noted to be 1:1280 and the akin test was positive. An interval
history revealed a mild respiratory illness of three days duration occurring 18
days before. Another individual (Case 40) was smeen by his local physician and
treated for possible rinusitis and bronchitis. He veceived 400,000 unies of
penicillin and 0.5 ge of streptomycin on the first day of illness., There was
temporary improvement but similar therapy om the 13th and 1l4th days of disease
were necessary before he became asymptomatic. Such a response chould be antici-
pated mince this individual worked with a streptomycin-szensitive strain of
P. tularensis. Five months before this illness his titer was 1:20. There had
been no intarvening booster series or serial tularemia agglutinin titers, Forty
days after onset of his mild bronchitis, the tularemis titer was 1:1280 and his
skin test converted to positive., He was the only patient of the non-hospitalized
group t¢ receive any therapy. Im the remalning two patienis {(Cases 4l and 42) &
high titer and a positive skin test were noted at the time of evaluation for
booster vaccination, Anamnesis revealed a wild respiratory and grippal symptom
coxplex from three to seven days in duration which had sccurred during th:
preceding month and could have represented a mild episode of typhoidal tularemia,
Thus the eight non~hospitalixed cases had illnessus characteriyed by mild grippal
symptoms, occasional slight evening fever, slight cough, minimal smore threat, and
nasal stuffiness varying in duration from three days to as long as tws weeks.
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D, FOLLOW-UP EXAMINATION

Approximately three-fourths of the 42 patients have been followe. for at

least six months after their illness. Thirty=nine of the group have remsined

! asymptomatic; three typhoidal cases have had residual complaints. Ome indi-
vidugl (Case 13) in whom therapy was started on the 10tk day of iilness con-
tinued to have a low-grade fever for the first 11 days of a 21-day course. of
tetracycline, The multiple ovate bvonchopneumonic lesions promptly aubaided,
but the plsural reaction failed to clear completely until eight months later.
This patient’s orly complaint was dull intermittent right lower posterior
chest pain. A stag-horn calculua of the right kidney, which existed prior to
tularemia infection, wap removed seven wonths after discharge from the hospitral
and the vague le mr chest pain subsided. The remsining twe typhoidal cases had
clinical rslapses following excellent respouses to initial therapy. One indi-
vidusl (Case 26) puiomptly responded to the second course of tetracycline therapy.
Nevertheless, he continuad to complsin of easy fatigability and generalized
myalgia on das p days in spite of the abpence of subjective physical findings,
noxmal temparsture, normal sedimentation rate, and negative CRP over the suc=

; ceeding nina month follow~up period. The remaining patient (Case §) did net

; receive antibiotic therapy during his relapse. He complained ef easy fati~

: gability, substernal chest tightness, generalized arthralgias, and noted an
occasionzl 1 to 2* evening temperature rise. In addition, the sedimentation
rate and CRP remained abnormal. The symptoms and signs of low-grade illness
spontaveously subsided after six months; during the past year he has enjoyed
good hsaith. Omne of the 17 patients with xeray evidence of pulmonary involve~
ment bhas reaidual changes: & small linear area of fibrosis in the araa of
previous lobsr pneumonia is still present eight months later (Case 18).

E, CASE REPORTS
Case 7 (Figure 7)

This 27 year old negro was admitted Ravembar 14, 1956, Three days
earlier he noted intermittent chilliness, slight feverishness, and a daily oral
temperature raoging from 100.0 zo 101,0°F, Phyvaical exzmination revealed a
robust male in no distress. Physical findings were limited to a few crepitant
rales ovar the ciu-poriion of the left posterfior lumg field and a rectal temperas
ture of 101,0°F. On the 5th day of illnexs he spontaneously bacame afebrile and
agymptomatic with the chest rales clearing by the end of the first weoek of
obgervatisn, Admissfon laboratory data included a white bloed cell count of
10,000/cu mu with a normal differential, a sedimentation rate of 26 mm/hour, and
& 3* CRP. Blood cultures on the 3rd through the 6th day of illneas were negative.
A streptomycin-resistant strain of P. tularensis was isclated on direct culture
and by guinea pig lnoculation from the pharyngeal washing of the 3rd day of ill-
neas. A gastric washing cbtained on the 6th day of disease was positive (the
patient was afcbrile and asymptematic). Pharyugeal and gastric washings were
negative on the 16th day of 1illness. Admission chest film revealed a prominent
left hilar avea and a juxta-hilar 4 by 5 cm bronchopneumonic patch invelving
the left upper lobe. These abnormalities regreased within the first week
and thereafter slowly clcared, being no longer evident by the 30th day of ill~
ness. Because of the mildness and prompt remission of symptoms no specific
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therapy was instituted, The CRP was negative by the 13

th
sedimentation rate reached normal by the 3%th day ofi illn

day while the
E-C

Five months prior to illneas the patient received an initial
vaccine series for tularamia. There were no irtervening booster series;
the agglutinin titer 25 days before illness was 1:80. The titer wesa to
1:1280 and 1:2560 by the 6th and 9th days of 1llnsas, respectively; one
year later it was still 1:640, 'The skin test on the 5th hospital day wase
positive. Throughout a 12-month follow-up he hag remainad well.

COMMENT

This case demonstrates how minimal and self~limited the synmptoms
may be in lgboratory~acquired tularemia, The hilar lympk node enlargement
and juxta<hilar brounchopneumsonia occurred in the absence of severe ilinecs
or respiratcry symptoms. P. tularensis was isolated from pharyngsal and
gastric washings during the first week of disease. Eight non-hospitalized
patients and one other ward patient alsc had as mild i{ilnessee. No corre-
lation with the numbey of previcus tularemia vaccinations and severity of
digeaBse was evident. This patient exemplifies anothar urusual featurc:
the 8~fold rise in titer appeared in the first week cf 1illness; thie early
rise was observed in only one other equally mild case. The remaining 40
patients failed to have such rapid rises in agglutinin titer, although many
were only mildly 1l1.

Cage % (Figure 7)

This 37 year old white male was admitted February 27, 1957. There
had been no recognized exposure although & days before onset of symptoms
he had cleaned a potentially contaminated laboratory. He had received an
initial vaccine series about three years prior to {1 ness. There was one
intervening booater, 26 months before i lness. Two months before infectien
the tularemia agglutinin titer was 1:80,

Two days priocr to admission the patient noted mild feverishness,
chillipegs, intermiitent awcals, moderate fatigire, gemmralized wyalgizs,
gnorexia, and frontal headache. By the 3rd day of symptoms there was mild
nasal stuffiness and an irritating non-productive cough. A dull anterior
left chest pain became gpparent by the 6th day of iliness.

Fhysical examination revealed a well-nourishad white male who
appeared to be only mildly £11. Rectal temperature wzs 103.0°F and thers
was injectisn of the nasal and pharyngeal mucosa. Admission laboratery
data included a white blood cell count of 10,000/cu mq with 72 per cent
neutrephils and 16 per cent bands, a sedimentation rate of 34 sm/hour, and
a 4t CRP. Admission chest film revealed a l-cm evel, juxta=hiilamr, broncho-
pneumonic patch in the left wmid-lung field whick fused with the prominent
hilar area. Blocd cultures of the 3rd, 4th, 5th, snd Btk days of illnegs
were negative. Pharyngeal washings of the 1st through the 3:d hospital
days were positive on culture and guinea pig inoculation for a estrepto~
wyciusresistant strain ef P. tularensis. Gastric washings of days 2 and
3 were positive for a similar isolate by guinea pig inoculatien, Material
from nasal swabs was cultured throughout the same period but was negative,
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a skin tesat performed on the 4th day of {llunees was read as positive 45 hours
later.

Oral tetracycline was started on the 2nd hoszpitalr day, 2 gm "loading
dose" plus 2 gm daily in four divided doses for the next 16 days. Within 36
hours he was afebrile, fully ambulatory, and complained only ef =light nasal
stuffinzse, vagué leit subpectorsl chest pain, and s dry non-productive cough.
These symptoma dissppeared within the ensuing week.

The pharyngeal washinge remained positive for P. tularensis from the
2nd through the 7th days of treatment, but were negative thereafter, Forty-
eight hours after starting tetracycline, the bronchopneumonic patch had
enlarged to 2 to 3 cm; thereafter it slowly resolved and wvas no longer evident
by ths 43rd day of illness. The asedimentation rate and CRP returned to normal
by the 14th day of therapy. Although the patient remained asymptomatic seven
days following completion of therapy the sedimentation rate was found to be 20
mm/hour. It spontaneously returned to normal by the 36th day of illness. The
tularemia agglutinin titer rose during the secand week and reached & diagnostic

level ¢f 1:840 by the 29th day. In a 12-month follow-up period he has remained
well,

COMMENT

This case is representative of the majority of typhoidal-pulmonic
disease seenm in this series. 1In addition to grippal symptoms there were dry
Irritating cough, vague chest ache, and nasal stuffiness. The x-ray revealed
a8 left hilaxr enlargement and a juxta-hilar oval bronchopneumonic patch. All
but two of the 17 cases with pulmonary involvement had similar pneumonic
infiltrates, The positive skin test was helpful In auggesting tularemia and
a specific diagnosie was possible 72 hours after adwission by culture of gastric
and pharyngeal washings. As was usually the case, the "diagnostic rise™ in the
agglutinin titer did not occcur until the &4th week.

The prompt loss of fever and syuwptoms and improvement or the abnormal
chegt film, sedimentation rate, and CRP were characteristic responses to tetra-

cycline therapy. The organisw could regularly be isolated duriug the firat

week of drug treatment. The rige of the sedimentation rate 7 days after com-
pletlou of tetracycline and in the absence of symptoms was considersd a "sub-
clinical vebound" (Figure 3). Thie occurred at the same time-interval following
completion of thercpy as did other clinical relapses, f.e., 1 to 3 weeks.

Case 14 (Figure 8)

This 34 year old white male was initially admitted February 5, 1956.
His first attack of tularemia occurred prior to this study. This petient
received an initizl vaccine series 14 months prior to his £irst iafection, with
one iatervening Dooster eix months bafore his first illness.

Four days before this first admission, he noted the onset of generalized
malaise, froatal headache, raw throat, nasal stuffiness, dry non-productive cough,

'\
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FIGURE 8. SUMMARIES OF TWO CASES OF TYPHOIDAL TULAREMIA
WITH PULMONARY INVOLVEMENT.
: CASE i4, SEVERELY ILL, FIRST (NFECTION, TREATED. MODERATELY ILL,
REINFECTION, TREATED.
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intermittent ghaking chille, drenching sweats, and feverighness. Physical
examination revealed a moderately toxic appearing male with an oral temperature
of 163,0°F, There were diminished breath sounds and inapiratdry rhenchi over
the posterior left lowar lung field, Admission laboratory atudies revealed a
vhite blood cell ceunt of 10,300/cu e with nermal differential and a sedimen-
tation rate of 5 mi/hour., A chest film revealed a 3 by 2 cm oval deunsity lying
in the third anteriox interspace of the left lung merging with the hilar shadows.
Bloods on culturs and guinea pig inoculgtion ware negstive for P. tularensis on
the 2nd, 3rd, and 4th hospital days, Pharyngeal washings on these same Jdates
were positive for the streptoamycineresistant strain.

Thorapy was instituted on the 2nd hospital dsy and consisted of 2 gm of
oral tetr:eycline and 1 gm of intramuscular streptomycin dafly for 1l days.
During the first 48 hours of treatment the orsl temperature fluctuated between
100.0 and 105,0°F; therc were alternating mevere chills and sweats. At each
teawperature spike aspirin was gilven, After 72 bours he was afebrile and
essentiaily ssymptomatic with the exception of dull, left chest pain and &

mild noen-productive cough; these symptoms subsided by the completion of therapy.
The pulmouic leslons regressed and there was only a slight residual infiltrate
by the 24th day of illness. There were no further films during the acute phase
but the chest film ninec months later was normal. The tularemia agglutinin titer
27 days prioxr to fllness was 1:640 and varied between this level and 1:1280
‘throughout the illness, The tularemia skin test one year later was positive.

In the intervening 18 months prior to reinfection he enjoyed good
kealth., He was admitted the second time on December 31, 1957; aseven days
earlier he had noted intermittent feverishness, chilliness, night sweats,
increaging fatigue, generalired myalgia, mild frontal hcadache, non-productive
cough, and diffuse substernal chest soreness. Physical examination revealed a
welledeveloped, well=nourished male who appeared mildly 111, The only physical
tindings were a rectal temperature of 101,0°F and a few crepitant rales in the
left midesxillary line at the level of the angle of the scapula. Admission
laboratory data showed a white blood count of 13,000/cu ma with normal differ-

entigl, sedimentatioun rate, 26 mm/hour, and CRP of 4%. A chast film revealed a
Z2=cm oval infiltrate with indistinct borders lyimg in the mid-pertion of the

left lower lung field. This {nfliltrate was slightly latersl to the previous
area of invelvement. An admisaion gastric waghing was positive for the atrepto-
mycinesensitive strain of P. tularersig. The organism was isolated in a similar
manner from small amounts of sputum obtained on the 2nd and 3rd hospital days.

However, the pharyngeal washings of the 1lgt through the 6th hospital days were
negative,

Oxal tetracycline, 2 gw daily, wae started on the 2nd hospitsl day and
continuved for 10 days. The grippal symptoms and fever subsided within 48 hours;
the dry cough and vague cheet distress digappeared afeer 5§ days, Qedimentation
rate and CRP were normal by the 28th day; the pulmonary infiltrate had cleared
by the 42nd day of illnese, The tularemia agglutinin titer six months prior to
reinfection was 1:160. During the 2nd through the 6th week of illness the titer
fluctuated between 1:320 ard 1:640 and reached a peak level of 1:1280 on the 70th
day. Throughout a $-month follow-up the patient hus remained well.




COMMENT

During each illnees, upper and lower respiratory txact symptoms were
prevalent: broochopneumonia invelviag the left lower lobe was nated., During
tke firet spizode the symptoms vere moderately severe and incapacitatimg. 1t
is prebable that the use of zspirin 2t the peaks of fever contributed to the
dissbility by producing wids awings in the temperature with altern..ing mcvere
chills and swats, This has not bean sbserved since the use of antipyreticas
wae discontinued,

This was the only inastance of recognized reinfection among our patients
though all have returned to the laboratery and worked with P, tulcrensis. It
should ba noted that the initial disease was caused by & streptemycineresistant
organism whereas reinfection was caused by a streptomycin-gensgitive strain;
both infections occurred with high pre~i{ilness agglutinin titers. Tetracycline

was effective and the use of streptomycin during the iritial ilineess was un~
warranted.

Case 18 (Figure 8)

Thiis 4} year old colored male was admitted February 16, 1958, He had
recefived an initial vaccine series seven years esrlier. The last of "«
subgequent boosters had been given approximately four years prior te ._. ..ass;
as late as October, 1957 the agglutinin titer was 1:1¢. There had deen no
recognized exporure, Five days prior to admissien the patient noted the) sudden
onset of chillinass, generalized aching, nasal stuffinsgs, and retregbulbir pain,

In the Qut~patient Department three hours later the physical examination was
normal with the excepticn of an orel temperature of 99.f°F. The white blood
cell count was 14,900/cu ms with .5 per cent polymsrphoi sclear !eukocytes and
the sedimentation rate was 19 mm/hour; the tularemia agglutinin titer was
negative. Symptomatic therapy was prescribed -fer the mild upper reapiratory
illness and the patient war advised to return should the syxptoms persict or
progress iz severiiy. For the next five days tbere ware increasingly savere
sweats, fever, scre throat, preductive cough, nausez, and vomiting. By the
Sth day ef iliomss, fatigue and weabness cénliinmd him i6 bad, Dyipasa, bloed-
tinged sputur, and moderate diarrhea were now alsc present and an occasional
oral temperature tasken at home varied between 104.0 and 106.0°F,

He again sought medical attention on the evening of the 6th day of
illness. Fhysical examination revealed a well-developed, well~nourished,
oreinted male who appeared apprehensive, dyspneic, and acutely 111. Rectal
temperature was 105,0°F, the pulse rate waa 130, regular and full, and the
blogd pressure was 130/70., There was moderate edema of the nasal mucosa and
diffuse hyperemis of the pharynx. Dullnega to percuasion, crepitant ralesx, and
a pleural friction rub were apparent Gver the upper twe~thirds of the left chest
but the right chest was clear. The abdomen was not distended, no masses were
palpable, and peristalsis was normal on auscultation,

Admission laboratory dats showed a white bleod cell count of 8,800/cu
mn with 87 per cent polysorphonuclear leukocytes of which 70 per ceat were bands,
a sedimentation rate of 32 mm/hour, a CRP of 4%, and & normal uripalysis except
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for a 2% albuminuria. A sickle cell preparation was negative. The chest £filz

(Figure 2b) revealed a diffuse, mottled infiltrate in the left upper lobe, left
hilar prominence and an early reticulated infiltrate in the right cerdiephrenic
eugle, Lateral films of the chest revealed the apical posterior segment of the
laft uppar lobe to be principally involved.

The severe respiratory illness, normal white blood count apd diffuse,
multiple pulmonary infiltrates with hilar adenopethy prompted the diagnosim of
"probable tulayewia." One hour after admission a one gram “leading dose" of
oral tetracycline was given, followed by 0.5 gm every six hours. Within 24
hours the peak rectal temperature of 106.0°F had fallen to 101.8°F, However,
during this pariod the respiratery rate rose ta 60 per minute with accompanying
cyanosis and tracheal rattle. The cough wes noneproductive; there were wet
rales throughout both lung fields indicating an extension of the disease
process, Chast films on the 7th day of 1llness indicated multiple 0.5=-cm
lesions throughout the right and left lung fields. In addition, there was
abdeminal distention with progressive diarrhea. Consaquently, the oral tetra=
cycline was replaced with Iintravenous oxytetracyciine in a daose of 1.5 gm daily
for the next five days. Supportive therapy consisted of intravenous flulds and
electrolytes, oxygen by tent, and intermittent Isupzrel RCl (Winthrep Laboratore
ieg) by nebulirzation along with intravencus amirophylline in an attempt te
decrease the respiratory distress. In gpite of the control of fever and
abgence of vascular collapse, the patient's condition remained criticsl. On
the 3vd hospital day paraldehyde was necessary to control the delirfum, At
this time the shallow and rapid respirations had increased to 70 per minute,
heart rate was 150, the cough was still moneproductivs, cysnosis continuved and
the thick bloody bronchial secretion could not be aspirated by suction,

A tracheotomy was performed on the 4th hospital day to reduce dead air
space and permit more direct aspiration of bronchial secretions. Thic allowed
the intermittent removal of thick tenasclous yellow and bloedy secretions,
Within the next 48 hour the respiratory rate decpeased te 40 per minute, the
tracheal rattle cleared, and the rales throughout both lung fields decreased.
By the 6th hospital day intravencus fluids were no longer necessary; oral
tetracycline in a' dese ef 3 gm daily was begun aud couatinucsd for the vemainder
of the 2l-day course of broad spectrum therapy. By the 13th hospital day the
patieut was zfebrile, the respiratory rate was normal, und there was only a
slight noneproductive cough. The fellowing day he complained of mild headache
and low back ache; rectal temperaturs was 101.6°F., Because of the presence of
several influenza cases on the ward, a pharyngeal washing was obtainad and
Type<A=Japau~57 was recovered. This virus was not recevered from the pharyn-
geal washings obtained on the day of admigsipn. Within three days the mild
grippal gymptoms subeided. At the completion of drug therapy the patient's

right ankle edema.

Thirty-s{x hours after admisasion the labgratory reported the iaslation
of the streptomycineresistant strain of P. tularensix frem the sputus. Blood
cultures on tke second hospital day were also positive, ag were the gagtric and
pharyngeal washings. The crganism was recadily isslated from the sputum on the
first two days of therapy but could not be isclated en the 6th day. However,

il o,
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meterial taken directly from the trachea wag masitive on guinea pig inoculation
as late as the 6th day of drug therapy. The organism could not be isolated from
the sput o during the 2nd week of treatment. A skin test was negetive on the
14th day of illness but pousitive on the 28th day, The tularemia sggiutinin titer
rose during the 2nd week of iliness to 1:160 and reachod 1:1280 by the 3rd week.

During the second month of couvalencamrce his strength returnsd, the
exertioual dyapoes suksided and he reagained ths 25 pounde lest durimg the acute
phase of ililness. The CRP was negative by the 25th day of illnesg but the
sedimentation rate remained elevated for anm additional month, At a 9~month
felloweup evaluatisnu the patieat was ssymptumatic with the excaption of mild
right ankle sdems due to phlebitis follewing iatravemsus oxytetracycline therxapy.

Serial cheit £ilmg revealed only a fine iIinsar strand in thé arez of previous
pnsumonitis,’

COMMENT

This was the only critically {11 patient of this group. The severe
grippal sud cespiratory symptoms. delirium, abdominal diztention, and diarrhea
are charscteristic of the fatal forms of untreated, naturallye~sccurring
typhoidal tularemia. Tkis case provided the only occasion when the erganiam
was iselated from the blood. This was consistent with prior exparieance, {.e.,
positive bloud cultures have been obtained only in the fulminating and terminal
phase of illness.

Bread spsctrux tharapy dramatically centrolled fever; howsver, the
extensive pulmonary involvement with resulting respiratory insuificiemcy remained
s threat to the patient's survival, The tracheotcmy on the 4th day of heapital~
ization appsared to turn the tide. The pulmonary infiltrate began te resolve
within the first week of therapy and thereafter slowly cleared; a minimal
residual f£ibretic atrapnd was all that remaised nine montihs later. It was
possidbly to isolate the organiam throughsut the fixst week of therapy. The
skin test was wot hzlpful {iu eaxly diagnoeis since it wap negative in the firat
two waaks of {liness and the agglutinating antibodies were not at a "dlagmestic"
level unti] the thiri week.

Case 20 (Figure 5)

This 40 yesr old white male was sdmitted April 30, 1958. Six days
earlier he had inoculated guinea pigs with P. tularensis, SCHU 84 straim, Three
days later ke noted mild malaise, feverishness, occasionsl rweats, nasal stuffis
neag, & slightly productive cough, and a dull, aching, left lower chest pain
accentuated by breathing., An initial vaccinstion series had been given approxie

mately a year prio; to illnecas followed by a booster series six months later,
Two wonthg priox to illneas the tulsrexzis; agglutinin titer was 1:40.

Physical axamination revealed an obese, white male whe appeared to be
mildly 111 with & vectal temperature of 100.2°F, Admigsion laberatery data
included a white hleod cell count of 9,750/cu mx with a2 mermal differential, a
sedimentation race of 21 mm/hour, and a 4+ CRP. A linear radiodensity was
noted in the lef: lower lung field compatible with a small area of plate«like
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atelectasis. On the 2nd hospital day the temperature reached 104.0°F; he
appeared more toxic and complained of pleuriiic pain in the left chest and
substernal tightness.

Oral tetracycline in a dosnge of 2 gm daily was began on the 3rd

hospital day and continuved for 11 days. Within 48 hours he was afebriie, and
by 96 hours asymptomatic. On the 2nd day of therapy the chest film revealed

the maximum extent of involvement. In addition te the atelectasis, there was
a small left pleural effusion and two oval 1 by 2 cm bronchopneumonic patches
lying juxta-hilar in the left 3rd and 4th anterior interspaces. The admission
gestric, pharyngeal, and sputum specimens were reported as poeitive for the
streptomycin~sensitive strain. The sputum remained positive through the 6th
day of drug therapy. The skin test was negative on the 5th through the 13th .
days of i1llness but was positive on the 30th day. The agglutinin titer was !
1:80 on the 16th day of 1llness but rose to 1:640 and 1:128C by the 23rd and
37th days respectively. The x~xay abnormalities, eievaied gsedimentation rate
and CRP returned to normal at the completion of 11 days of tetracycline.

Except for mild fatigue the patient was asymptomstic until 14 days
after completion of therapy, or 29 days from onset of illness, He again
noted low grade fever, "sticking'" left lower chest pain, and a dry cough.
Readmission white blood cell count and differential were normal but the
sedimentation rate was 24 mm/hour and CRP was 4+. Chest filws revealed a
moderate left pleural effusion and two areas c¢f plate~-like atelectasis in the
left lower lgbe. Gastric and pharyngeal washings were negative on culture and
guinea pig inoculation for P. tularensis. Thoracentesis was performed on the
4th day of relapse with removal of 650 ml of a turbid, straw-colored fluid.
Specific gravity was 1.019, total protein 4.2 gm per cent and white blood cell
count of 31,850/cu mm, predominately polymorphonuclear leukocytea. This fluid

way positive on culture and guinea pig inocculation for the streptomycin-seni-
tive strain of P. tularensis, !

On the 3rd day of relapse tetracycline therapy was instituted using
a 1 gm "loading dose"” and 2 gm daily thereafter for 14 days. Forty-eight hours
later the patient was afebrile. However, dull left lower chest pain, fatigue,

and a nen-productive cough parsizted throughcut the first wock of the sscend

course of treatment. The pleursgl effusion cleared; the abnormal sedimentaticn
rate and CRP returned to normal by the completion of the l4~day treatment. He
has remained well during a five month follow~-up period.

COMMENT

Upper and lower respiratory tract symptozma were prominent im this case,
The presumptive diagnosis of tularemia éndprompt institution of therapy were
based on tke grippal and respiratory sywptoms, with a normal white blood cell
count, an elevated sedimentatfon rate and CRP, and bronchopneumonia in an
individual who worked with P, tularensis. The skin test was negative as late
as the 13th day of illness and the agglutinin titer did not reach a "diagnostic"
level until the 23rd day. However, the streptomycin-sensitive organism was
isolated from the gastric, pharyngeal, and sputum sarmples of the 4th and 5th
day of illnese. The sputum remained positive as late as the 6th day ef therapy.

Though the clinical and laboratory evidence of disease cleared with the
11-day course of t=tracycline, a relapse occurred 14 days later. The symptoms
were less severe but the pleural effusion reoccurred; P. tularensis was re-~
covered from the pleural fluid. The isolate obtained during relapse retained
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its in aitrc seneitivity to tetracycline and a second course of this drug was
effective. It should be noted that the relapse occurred in gpite of a positive

skin test and a high agglutinin titer,
Casc 22

This 25 year old negro male was admitted October 16, 1956, He had
received sn i{nitial vaccine series approximately 45 months earlier; there were
no intervening bhooster series, The agglutinin titer three months before
infection was 1:40. There had been no recognized exposure but he had worked
vith the SCHU S5 strain of P. tularensis on only one day, four days prior to
onset of symptoms. Eight days before admission he noted night sweats, evening
fever, moderate anorexia, and mild frontal headache. Though the symptoms did
not increase in saverity and he continued to work daily, their persistence
prompted his admission,

Physical examination revealed a wellengurished male who did not appear
111. The oral temperature was 100,4°F, Admission labaratory data showed a
white blood cell count of §,520/cu wm with normsl differential, a sedimentation
rate of 26 mm/houvr, CRP of 3+, and a normal chest film. During the first three
days of observation the patient complained of moderate night sweats, anorexia,
slight fromtsl headach~, and low back ache. The oral tempersture ranged between
101.C and 102,0°F, On the 4th hospital day, the 2th day of illness, a painless
swelling developed juat anterior and overlying the angle of the right mandible.
This mass measured 4 by 4 cm; 1i{ was round, firm, non-tender, easily movable
submentel node. Dental and wandible films as well as dally examination of the
oral cavity were normal,

Twoe grams daily of oral chloromycetin were started on the 4th hospital
day and coatinued for 10 days. Within 48 hours the patient's mild symptoms
subsided and the temperature fell to 99.0 to 100.0’F where it persisted for the
next six weeks. The mass on the right mandible remained unchanged and the
elevated sedimentation rate and CRPF persisted in spite of therapy.

Pharyngeal washings on the 1st and 2nd hospital day were negative for
P. tularensis on guinea pig inoculstioa snd culture, but a gastric washing
obtained the 3xd hospital day was positive for streptomycin-resistant strain,
The admission skin test was pomsitive and tularemia agglutinin titer rose to
1:640 by the 7th and 1:1280 by thke 1llth heospital days.

The mess remained unchanged and he was transferred to angpbher hospital
for an excisional blopsy on the 36th day of illaess. At surgery it appeared to
be lymphoid timsue, firmly adherent to the adjacent tissue but did not involve
the bone. Removael by dissection was not pomsible; 1t was therefore removed by
curettage. The bilopsy site repidly healed. No organisms were cultured from
the biopsy specimens; microscopic exumination demonstrated areas of necrosis
surrounded by epithelioid cella and a few giant cells with marked infiltration
by round cells, plasma cells, and macrophages. A diagnosis of an inflammatory
granulomatcus reaction compatible with tularemia wes made.

Following surgery the patient felt well, but a low-grade evening fever
persisted; consequently s 10-day course of 2 gm dally of oral Albamycin was
started on the 6th poste-gurgical dsy with the temperature subsiding to normal
within 24 hours. However, on the 7th day of therapy he developed moderate
fever and a pruritic, crythematous, macular rash which cleared three days after




L4}

discontinuing the antibioctic, One month later the sedimentation rate and CRF
were ncrmal. The patient has remained well throughout a one year follow-up
period, The skin test has remained positive and the tularemia agglutinin titer
persiata at 1:1280,

COMMENT

The history of potential exposure to the organism on only the 4th dasy
before onset of illness permitted an estimation of the incubation period. The
absence of any respiratory symptoms was noted in only four of the 39 typhoidal
cases. Nevertheless, the organism was obtained from gastric washings. The
mild but persistent symptoms were congistent with the type of illness seen in
the majority of our cases.

The appearance of the lymphoid mass over the right mandible on the 12th
day of illness was an unusual feature., Chloromycetin promptly controlled the
patient's mild symptoms but the low grade fever and mass persisted. This has
been noted also following the late use of antibictics in naturally-occurring
ulceroglandular disease, Fsilure to isolate the organism from the invelved
node in this patient was to be expected; even without treatment the recovary
of P, tularensis from local nodes 1s rare after the firs* month of illness.

More commonly, cervical lymph node involvement is asaociated with
pharyngotonsillar or the angicse form of disease. This form of tularemia is
seen in the pediatric age group and commonly follows infection by ingestion,

In this case, no oral lesion was apparent. Nevertheless, direct extension from
the oral cavity seems probable,.

Case 26 (Figure 5)

Thie 22 year old white male was admitted to the hoapital on August 2,
1957. He had received an initlal vaccine series approximately five wmonths
prior to onset of illness; two weeks before infection the tularemia agglutinin
titer was 1:20. The day prior to admission the patient noted a severe pounding,
bilaterzl, temporal headache with anorexia, and insomnia. The following day
nasal stuffiness, moderate sore throat, severe myalgias of the lower back and
calf muscles, aweats, fever, and weaknese compelled him to remain In bed. These
symptoms appeared three days after & recognixed laboratory accident, A co-work-
er became 111 five days after this exposure with a typhoidal form of tularemia.

Physical examination revealed a young white male who appcared modevately
111. The physical findings were limited to a rectal temperature of 103.6°F,
pulse 100, and an injected pharynx and nasal mucosa. Admigsion laboratory data
included a white blood cell count of 7,800/cu mxs, 74 per cent neutrophils (19
per cent bands), sedimentation rate of 4 mm/hour, and a 4% CRP. The following
day the sedimentation rate had risen to 30 mm/hour. Serial chest fiims through-
out the two-week period of hospitalization were normal. The tularemia skin test
.was negative from the 4th through: the 13th day of illn2ss, but was positive when
next tested on day 33, The streptomycin-resistant strain of P. tularensis was
isclated from gastric and pharyngeal washings of the 2nd hospital day. On the
2nd hospital day and without specific therapy the temperature spontaneously fell

T0 near normal ovuly to spike to 1803.C0°F con the €ollowing dav.
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Oxal tetracycline in a dose of 2 gm daily was started on the 5th hospital
day and continued for 10 days. Within 24 hours the patient was afebrile, the
severe grippal symptoms had subiided, and after 5 days the nassl stuffiness and
moderate mere throat had cleared. At the completion of therapy the CRP was
normal and the sedimentation rate was falling. It wae poseible to isclate the
organism from pharyngeal wsshings throughout the first five days of therapy and
from gastric aspirates on days 3 and 6 of therapy. Two other specimans were
positive, a bronchial lavage on the firat day and & nasopharyngeal swab on the
second day of treatment.

Seven days after completion of tetracycline and while on convalescent
leave, he noted the return of gemeral maleaise, calf and back aches, mild sore
throat, and feverishrneass. He was readmitted on the 7th day of relapse. Physical
examination revealed a mi{ldly 111 individual with tenderness over the anterior
cervical and gubmandibular chaina of lymph nodes and with a granular, inflamed,
posterior pharynx. The white blocd cell count was 12,700/cu ma with 63 per
cent neutrophils, 31 per cent lymphocytes of which 50 per cent were atypical,
sedimentation rate, 36 ma/hour, and CRP 4%, Serial chest films were normal.

The differential disgnosis rested between a relapse of tularemia and
infectious monocnucleosis. Subsequent serial heterophile tests were normal;
pharyngeal and gastric washings were again positive for the streptomycin-~resis-
tant strain of P. tularensis, The report of these positive isolations prompted
e second 2~week course of oral tetracycline (2 gm daily). Symptoms subsided by
the 5th day of treatment; nevertheless it was possible to isolate the organism
from the pharyngeal washings as late as the 6th therapy day. At the completion
of therapy the CRP had again returned to normal, but the sedimentation rate was
still 28 mm/hour. The sedimentation rate dropped to normal range by the fifth
month,

The agglutinin titer remsined at a 1:40 level throughout the second week
of illneas but by the 25th day, 3 days after relapse, it was 1:640 and reached
the peak level of 1:1289 by the 33zd day. During one year follow-up the sediwmen-
tation rate, CRP, chest f£ilm and physical exemination have remained normal.
However, the patient han compiained of mild generalized muscular and joint aches
on damp days, which have been effectively coatrolled with aspirin,

COMMENT

This is a case of moderately severe typholdal tularemia., He and his
associate became ili on the 3rd and 5th days respectively following an accident
which could have been expescted to creste an aerasal containing P. tularensis.

In addition to the severe grippal symptoms, nasal stuffinegs and sore throat

were prominent complaints. In our patients these symptoms were common and
occurred with or without roemntgen evidence of pulmonary changes., The injected
and slightly granular appearance of the posterior pharynx was noted in approxi-
mutely half of the patients. The finding of 5 to 15 atypical lymphocytes during
the acute phase of tularemia is not uncommon., There was the usual prompt
response to tetracycline during th-. {pnitial and relapse episodes, yet it was
possible to isplate the organism ca both eccasions through the 6th day of therapy.
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£ the four ralapses observed in this series of patients, ali had in
common the following: return of symptoms 7 to l4 days after completion of at
least one week of tetracycline started during the first waek of disease, milder
symptoms than initially, and a prompt response vwhen retrested with tetracycline.
In this case, the relapse occurred saven days after completion of tetracyclime
in a dosage of 2 gm daily for 10 days.

1V, DISCUSSION

The American literature clearly deecribes the etiology, epiS@Tiolast 14
f%iygc?l ig?rse and pathology cof naturally-occurring tularemies=ioia’Cla o
13,16,17,18/ ° 15 this country, as a result of contact with lower animals
(particularly the rabbit), through dressing of carcasses, or by insect bites
(principally the tick), approximately S0 per cent of the cases are of the
ulceroglandular variety. In contrast, laboratory-acquired disesse is princi-
pally of the typhoidal-pulmonic form. Thirty-nine of the 42 cases in this
series belong in this latter category.

Circumstantial evidence points to the respiratory tract a¢ the portal of
entry. The potential exposgure to aerosol particles of P. tularensis as a
result of laboratory procedures is a constant hazard. The high incidence of
iliness in the absence of recognized exposure, and the occasional case following
remote contact also implicate this route of infection.

In keeping with the previously reported neturally-occurring and labora-
tory-acquired typhoidal cases the majority of our patientes noted respiratory
symptoms such as coryza, pharyngitis, substerual tightness, and cough at the
onset of illness without regard to the chest x-rey status. It is apperent
that the conventional classification of typhoidal vs& typhoidal with pulmonary

involvement does not connote a difference in pathugenesis but merely the
extent of respiratory involvement,

The wide range of severity of illness in our group of patients added to
the problem of recognition of infection. Based on symptoms alone it was
impossible to differentiate the milder cases from the common cold. 1In the
more 111 patient, Asian influenza, 1lnfectious mononucleosis, psittacosis, Q
fever, "atvpical pneumonis," typhoid fever, brucellosis, and tuberculosis
were a fev of the diseases warranting consideration. There wias nothing
specific for tularemia about the respiratory or grippal symptoms and signs.
The elevated sedimentat.on rate and CRP as well as the normal to mildly
elevated white blood cell count early in the course of illness were charac-
teristic but not diagnostic of tularemia. The agglutinin titer riese during
the 2nd to 3rd week and the 8-fold or greater rise thereafter supplied con-
firmatory inforamation but was not useful in early recognition of the disease.
Hemagglutinin titers, which sometimes showed a disgnostic rise as much as a
week earlicer than agglutinin titers, had simiiar limitations. Attempts to
demonstrate a capsular polysaccharide in pharyngesl, gastric, sputum, and
urine specimens utilizing a hemagglutination inhibition technique were
unrewarding.
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-!unhnxlﬂl has reportad a 92 per cent incidence of positive skin tests during
the first sevea days of natuxally-occurring tularemia. However, about 40 pex
cent of our hospitalimed patiwnis had wegative skin tests at the end of the
fixst week of {linens. The skin test had the ususl disgnostic limitations.

The admiwsfon chest films wera sbnormel in 17 of 31 typhoidal cases. This
55 par cent ifucidencs of pulmonary finvolvemsnt compares faverably with tgt 22./

ispgztig ;2/t° 77 perxr cent in nnig,nlly-ﬁccurring typheidel tularemiad®a2la22,
AT AL LT

« Bihss and Berland<i! attempted to discriminste differxent types
of pulmomary involvement in the ulcaroglandvlsr and typhoidal forms of diseass;
subpequent reports have failed to substantiate tha&7 obsexvatious, From 16 cases,
eight of whom were of the cyphoidal variety, Ivie==/ nsted an oval area of infil~
tration fn nine and hilar adencpathy in five patients. Ten of the csses had some
degree of plsural e§§7ntou which ususlly occurred late in the course of illness.
Dermis and Boudreaus=’ reported 14 csses of pleuropulwonary tularemia, seven of
whom were not uleceroglandular Lu origin. In addition to the findings of Ivie,
these obsexrvers smphasized the frequently widespread and bilateral pulmonary
i{nvolvement. Thirteen of cur 15 patients with pneumonia had a 2- to 8=cm oval
infiltrate. There was attending hilar adenopathy in eight and a pleural effusion
in two of the patients with pneumonfa, Another patient had hilar adenopathy,
perihilar straaking, and pleuval effusion, Pleural effusion was observed as the
only abnoxmality in one case. T.zse observations are in agreement with those of
Ivie and Deniaie and Boudreau. Thouga not diagnostic, the presence of an oval
pueumonic patch or pleurgl effusion associated with hilar adenopathy occurring
during a febrile {llneass should stromgly suggest the possibility of tularemia.

Pecause bf the danger of laboratery infections, few hospital laboratoxies
have made serious efforts te reccver the organism in typhoidal tularemia. In
endemic areas the couventienal approach has been Lo considexr the posibility of
typhoidal tularemia in any aevere atypicsl pneumonia or febrile illness not
responding te penicillin., In such instances a 2~ to 3-day course of strepto-
mycin results in prompt clinical improvement and has been recommendad az a
thergpeutic test, the diagucsis being confirmed by the appesrance of aggluti-
nating antibodies dur% the 2nd week of illness with subscquent riae beiveen
the 4th and 5th weeks£i/, Since the advent and widespread general use of broad
spectrum antiblotics and thelr effectivenass in controlling tularemiz, it is
probable that the typhoidal form of disease im often unsuspected.

The desire to establisgh arn earlier definitive diagnosis prompted our efforts
to isolate the organism, Utilizing the gastric and pharyngeal washings, and
sputum vhen available, the oxganisa was isolated in 25 of 30 typhoidal cases
and ae late as the third week of untreated illness. Nineteen of these isolates
were resiatant to streptomycin, the remaining & werz sengitive. Sputa and
gastric washings were superior to pharyngeal washings, A definitive diagnosis
was usvally made within 48 to 72 hours after admission when the strain could be
culturaed, The percentage of poritive cultures was meterfally increased by the
simple manauver of inoculating seversl culture platea from each specimen. For
the streptomycin~resistant organism, when the quantity of material inoculated
into animals and onto culture plates was approximately the same, the results
were identical by either method, The method of culture of the streptomycin-sensi-
tive organiem from pharyngeal washings is not yet satisfactory. In those patients
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in whom the culture was negative, but guinea pig inoculation was positiva,
specific tdantificaticon waz mol poceible on the aversge until the 5th day
folloving admission (range &4 to 7 days), Vardous metheds of shortening
the time raquired for a laboratory diagnosis are under study and will be
reported elsevhere.

It is well known that P. tularensis cen be isolated from cases with
pulmonary involvement from the sputum and/or pleural fluid, nE&lHinﬁ
guinea pig inoculation and less often by culture mn GCB mmdia=asiefs 22/,

In untreated diseass the organism has heen isolsated from the aputum of a
pneumonic case as long as 49 days and from pleural fluid as late as four
monthgz_/ On the contrery, it has not been generally appreciated that
the organism could be {aolated from the sputa of :. patients without
pulmonary involvement as wus possible in three of our cases, Johnzon.ﬁl
reported isolations on the 17th to the 30th day of diseame froam sputa
inoculated into white mice., This typhoidal {llness occurrsd in a 12 year
eld girl following playing with rabbits, and was characterired by fg; T,
subscute pharyngitis, and a norral chest x-ray examinetion. Larsons:z
described a similar experienca in a 10 vear old girl with fever, aore
throat, and normal chest x~ray following rabbit expesure. It was possible
to isolate the organism from mice inoculated with sputum from the 15th day
of illness. Gastric and pharyngeal washings have not been successfully
exploited previously as sources of diagnostic material, It is worthy of
note that these specimens fran our series could be positive whather chest
x~ray evidence of pulmonary invelvement was present or not.

In vitro studies demonstrate that streptomycin is bacteriostatic fer
the parant strain of P. tularensis at a coucentration of less than 0.4
ag/ml and bactericidal at 1,0 .ug/ml39/; however, the vesistant straia
isolated from our patients was not sensitive te 10 or 100 aug/wl. Hunt 23/
demonstrated the bactericidal property of streptomycin in patients with
pneumonic tularemis by cellesting sammles of sputum or pleural fluid
prior to and five days after therapy. The initial specimens were poeitive
utilizing white mice; post-treatment specimens were megative. In contrast,
the broad spectrum antibictics in vitrg are bacteriostatic for P. tularemsis.
Growth of the isoclates from each of our patients was inhibited By concens
trations of 1 mg/ml of tetracycline, This differemce im drug action probably
accounts for the continued isolations of P. tularensis from the naso-pharynx
of the patients fer several days after the initlatien of therapy with bread
spectrum antibiotice. Similar ebservations have been msde in other diseases.

The bacteriostatic acL Ty of these drugs has been demonsirated in experi-
mental animals. Gochenour<:/ challevged guinza pigs with P. tularensis SCRU-
S4 by the intraperitoneal route and initiated prophylaxis with parenteral
tetracycline 24 hours later. Two schedules were used; in one the drug was
given every six hours, in the other every 12 hours., The total daily dese of

drug was the same in the two groups. The animals treated at 12<hour intervals

became febrile almost as asocon as the untreated controls, while the animals
treated four times a day did not become febrile as long as the drug was
contimued.
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The work of McCrumb 23.5523/ fo induced ulczroglandular tularemis in volun-
tsars hes suphasined the diffexence be*wean the prophylactic and therapsutic
action of streptexycin and the broad specirum drug chisiomycetin., Theas
investigaters imacelsated velunteexs intvadermally with 400 te 10,000 P,
tularensis colls (Kector strain). In the six controls a reddish papule appcered
withia 55 to 48 hours. DBy the third posteinoculstion day the local lasicn had
enlarged to 1 te 2 cx, and there was modsxate axillary adenopathy, fever, and
mild coustituticonal symptoms. At this point the disease was proopily centrolled
with either five éays of chleromycstin or sireptomycin, Daily therapy consisted
of 2 gm of streptomycin or 3 gw of chivrmaycetin in four and two patients re-
spectively. Beth patients who recuived ckloromycetin experienced fabrile
relapsas, whereas the straptomycin-trxestsd patienta remained well,

Sevantoer. velunteaxrs wore similarly challensedzll. and sng hour later auti-
biotics were started., Nine of the ten patients vho received streptomycin for 5
days failad to develop diseass or agglutinating antibodies. Overt disease

-followad ths cessation ef therapy in only one individual, z 200 pound male who

Teceived & total of 3 gm of streptomycin over a 5-day paried. In contrast, a
3~day course of chloromycetin failad to prevent disease in five of seven
patients but did prolomg the incubation period; wulceroglandulsr disease then
developed which was responsive to a sscond ccurse of this antibiotic,

Theze observations ars in agreemsnt with the results follewing streptomycin
or broad spectrum drug administratien in naturallywoccurring tularemic. The
earlier antibiotics are started dur&g’ the illnsas, tha lhgiier the agg}ve phase
of disease. However Johnson_gslgimi » Berson and Harwell=l/, Taylor=2/ and
Overholt and Sul-erniﬁ have emphasixad that antibioiics axe leass effective upon
low-grade fever and lymphadenopathy ir the comson ulceroglandular disease when
started after the first two weeks of infectien., Liquifaction and subsequent
drainage of the lasion may still eoccur.

The recemmsnded dosage for streptomycin orx dihydroncreptolyc%i .%5.810335:1 340

deily for 3 o 10 days dependlng upen the ssverity of {llmeest
§i¢§§4§§a§§;§l 52/. Relapses have not been reported fellowing such therapy. The
reported clinical experience with the tetracycline gr of drugs &nd chlore-
mycetin has been less extenniv-41L92;43n44-4§»46a4714§?z915°n51. Their effective~
nese in centrelling the acute phase of ilinass has been comparable to that of
streptomycin, e,e., precipitous ?7op in fever and control of symptoms within 24
to 48 haurs. Corwin and Stubba®l pointed out that chklortetracycline was ef«
fective ir securing remissions but unlike streptomycin was not curative., They
described eight patients who completed a dose schedule ranging from 8 gm in 4
days to 12 gm in 6 days; seven returned to the hospital withim 5 te 9 days with
2 relapze of symptams; however, these an?hnrl failed to iundicate om vwhich day of
disease therapy was started. Hi-&erleyél reported a case of ulceroglandulsx
disease whick relapsed following treatment with chlortetracycline; therapy was
instituted on the second day of {llness and centinued for four days. The dose
s~hedule congisted of 1 gm initially and 1.5 gm daily thereafter. Three days
later tha symptoms returmed but were promptly controlled with a 9=-day course of
2 gn dally., Symptoms again returned within tyu days but were controlled with
one day of chlortetracycline. Pavker et 143/ observed two relapses among six

patients treated with chloromycetin. The therapy schedule censisted of a
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"loading" dose of 2 to 3.5 gu and 3 gm dally theresfter. One cf the cases was
a laboratery worker who had the typhoidal form of disegse with pulmonary
involvement. Therapy was instituted on the 6th day of illness and continuad for
5.3 days. PFour days later fever and symptoums returned, A 10-gm course of
chloromycetin promptly controlled the symptoms but two days lacer the symptoms
returned, A third course of 18 gm for seven days brought the illness under
control. The other relapse occurred in a patient with ulceroglendular tula-
ramia, Therapy was started on the second day of illness and continued for five
days. Three days later his eymptoms returned but were promptly controlled with
3 ga of chleromycetin cver the next 4.5 days.

In our patients, the rapid decline in fever, control of symptoms within 24
to 48 hours, and the prompt regression of abnormal :dimentation rate, CKRP and
chest x-ray after the onset of broad spectrum drug therapy were markedly
uniform. The response was equally dramstic in the more serious cases., However,
four relapses were noted among the 13 typhoidal cases who were trested within
the first week of illnesg. Exacerbation of the disease was not obgerved amoug
the 17 patients treated after the first week of infection and who reccived anti-
biotics for a comparasble period, Time of initiation of therapy may not be the
gole factor. Patilents treated in the second or third week of {liness in
general had milder symptoms.

The broad spectrum group of drugs fails tec free the host of P. tularensis.
If thexapy is started during the initial week of illness, before there is a
period of adequate antigenic stimulus, relapses may occur after 7 to 10 days.
of treatment; a high relapse rate is expected if less than 7 dayes of broad
spectrum therspy is giver, However, after approximately a week of untreated
illnese, or in other words "antigenic'' experience, the houst's immune mechanisw
i1s stimulated to curtaill bacterial growth once the 7 to 10 day course of
bactexiontatic drug is completed. Nevertheless, five of 17 of the patients
who were so treated had a "subclinical rebound" (rise i sedimentation rate).
This occurted al aboui ithe same time ss did the clinical rclapse, L.e. 1 to 3
weeks following competion of broad mpectrum the py. Thig renewed bacterial
growth apparently is held in check by the host's partially mature Ismune
status. During the second week of illness a single 10-day course of treatment
appears sufficient. As yet there 1is no proved therapeutic regimen which will
prevent relapses if broad spectrum antibiotics are begun during the first week
of i}lness. Perhaps a l4-day or longer course will be sufficient. Smadel et

have prevented scxub typhus relapses when bacteriostatic drug therapy

was started within the first week of 1illness by interrupted therapy. 1t ig
possible that relapass can be prevented by a gimilar sppreach in tulsremis,
The problem is now under study in animals and man,

The phennlixed and acetone=extracted vaccires do not prevent infectieonm,
The nonm-visble vaccine has failled ro protect white mice from subsequent in-
fection with minimal doses of s virulent strain3/. Bigelabachéé/ has extended
these studies to monkeys and was unable to demonstrate any siguificant imsmity
following the use of this vaccine. There are ov7r 200 reported leboratery in-
fections in vaccinated personnel. Foshay et uL_ have collected data on the
incidence, severity, and duration of disease in 2,145 vaccinatad persons, con~
sisting primarily of hunters, meat handlers, butchers, farmere, farm wives,




40

and laberatory werkers. Bacause of the unknown size of the control group and
the lack of dana on the vslative risk of exposurs it was not yesaifls fer these
investigators te damoustrate conclusively the 2 fectivanzes of the vaccine as

& dissase preventive. Similarly, Kadwll gt all’ im an uncentrolled study cited
8 14 per cent digaase rate awmong 163 vaccinated parsons at Fort Derrick and
ruggented thut the vaccine could be responsible for this relatively low ine
factien rate, BEvalusating vaccine prophylaxis in laboratery persomnmel is com
plicated wher it is s preciatad that the clinical featwxes of mild typhoidal
dissase are rimilar 50 a common cold and case recognition is extremely diffi-
cult. Foshay et al3/ in naturally~¢ccurring, and Xadull ££.£Lé and Van Matre
and Kadullad2 1n'T:horatoty-acquired untreated tularamia have reported nodifi-
cations of severity and of duration of disease in vaccinated personnel. In
addition, they describad individuals with unexplained diagmostic rises in
agglutinin titers. Whethaxr sucth cz.- = were truly subclinicel eor gimilar te
the mildly {ii, eight non-bospit.’.xed end two untreated bospitalired, patients
of our series ie = modt question. Asymptomatic infection im the unvaccinated
individusl has wot basn documentad with the virulent strain commsox to North
America.

In our experience typhoidal tularemia in the Imsmmnirzed labsratery worker
differs in severity of manifestations from the reported naturally=occurring
digease, Iu contrast to naturally-occurring typhoidal tularemia where the
majority of patisnts were quite 111, ealy 15 per cent of our group of patients
were considerel te be severely ill ir spite of the fact that more than one~half
vere adumittad after the first week of illnegs. However, the causative strain,
conditions ef exposure, time of ouset of therapy, and type of therapy are not
comparable. Furthermore, it should be recognixed that the high index of sus=
picion ef disesse and system of medical investigation ewployed in the present
study has peruitted an appreciation ¢f the wide range of severity of the
typhoidal form of disease. 7herefore, it is imposaible to torrelate the com=
paratively mild disease seen In these pstients with priox vaccimation.

No relationship could bz cstablished between the severiiy of illness on
admniesion and the number of booster sevries or the time interval from the last
beoster. An individual who had received his initial series four years earlier
with no subsequent boosiers wae as likely to have a mild diszase as an individual
who had received his beoster within the last six 1 ~hs, and all but two patients
had low grade tularemia agglutinin titers prior to 1llnesa.

Recently Saslawéé/ has defined more clearly the role of a phenolized vaccine
in the prevention or modification of disease in a controlled volunteer study.
The minimal {nfecting dese of SCH'! 84 strain of P. tularensis via the intra-
cutaneocus route was employed in tbree groups of men: 1) non-veccinated, 2)
vaccinated and challenged three weeks later, and 3) vaccinated, followed by a
booster six montha later, and challerged three wceks after booster. All
challenged subjects developed local lesions and 1l of 12 non-vaccinated men
had asgociated fever and constitutional symptomz. In contxast only 3 of 14
vaccinated men and 2 of 5 vaccinated-plus-booster men had constitutional symptoms.
Infection was not prevented but prior vaccination modified the severity of the
disease resulting from this low challenge intracutaneous dose. Similar studies
with typhoidul disease have not yet been reperted.
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Killad vaccine propnut:gg:}n have been rxeported te be inaffective in pre~
venting tularesisa in Russie==’'. Ia the past decade a live sttenuaied vaccine
has been extensively used. It is ststed that previouvsly immunized individu-
als have a high degree o protection during epidemics, that laboratory in-
fectionus no longes oc:t:ug6 gg’ that vaccinstion during epidesica sharply cur-
tails the new case rat « Russian morbidity and sortality rates in
untreated naturallyegccurring tulsremia are not cosmparable to the Americam
experience and it {s generally ggreed that the Contimemtsal strains are less
-irulent than American strains3%/, 1In Bussiati, inapparent infection, a milder
1llness, snd a mortality rate of lesas than 1 per cent arc in contrast to the
digease ssen in thig country, Whether a viable vaccine would ke effective as
& prophylactic agent against tularemia in this country is unknown.

It is widely accepted that one attack of tularemia confers permansnt
immunity, However, there are at least eighg 7:11 decuusgyed re-infection
ulcqroglandular cases in this countryQELE_L¢Q . Taylexrzz/ reported two
patients with naturallyegccurring ulceroglandular tularemia who returned, a
month and 18 months later, with second distinct, acute attacks of ulcero-
glandular tularemia, Both of these cases had besen trested with antibiotics
within the firat week of initial illness. The remaining six re-infections
were laborstory-scquired, mild ulceroglandular digsease which appeared frow =
few wonths ko as long as several years after their imitial umtresated illness.
One re-infaction (Case 14) occurred amang our 42 patients. On both occasioens
this patient had bactericlegically proven typheidal disease wig, sulmonary
involvement, In the previeusly cited investigatien of Saslaw2 . eight
volunteers were rechallenged aix months after their initial illuess. These
indf{viduals had received strxeptomycin as scom as the initial disease became
apparant; nevertheless all developed agglutinins. Following the second
challerge, local lesioms develeped in all eight patients, but only two had
constitutional symptcems. Thkese observations suggest that mild re-«infection
ulcercglandular or typhoidal disease may occur more often than iz appreciated

& den wsabklds
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hunters represents re-infection is unknoun. It is apparent that imsunity is
relative; following re-exposure, and depending upon the interplay between
the w 's immmity, challenge dosage, and virulence of the oxgamism, illness
in - form may occur,

" n . . b .
in endemiec apass, MHew aften =z "winter" cgld or slouwly haalineg &

V. CONCLUSION

Of the 42 vaccinated laboratory personnel who acquired tularemia, 39
resulted from probable aexosol exposure, The resulting typhoidal disease was
characterized by non-specific grippal and respiratery symptoms of varying see
verity; the majority of patients wexr:. comsidered te be only mildly to moder-
ately 111, The phenolized and acetone-extracted vaccines were imeffective in
preventing clinical disease but could have been responsible for the milder
form of disease.

Amonrg the hospitalized patients, 17 (55 per cent) of typhoidal cases had
abnormal chest roentgenograms, These abnermalities included sing.e or multiple,
ovoid bronckopneumonic infiltrates, pleurzal effusion, hilar adencrpathy, or
combinations thereof. Such findings should prompt the consideration of tularemis
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in the differantial dizgnosis, Agglutinin and hemigglutinin serus lcvels were
net wasful im the sarly recoznition of dizszis, Romvaer, the etlologic agsnt,
X 'E“,ﬁu_u. wes ragularly {eoluted from sputus, whan availadble (12 of 14
pat 8), and frequently fream gastric (21 of 29 patienta) eud phaxymgexl (16
of 30 patiante) washings as late as the third week of untrsated illness.

Approximstely three-fourths of the 34 heapiteiised casas of this rey.rt
resulted from & strain resistant to s:reptomycin, which has not bsen reported
in naturslly-occurring discase. Two of the 34 hospitclized and 7 of 8
nonvhospitalizead patients with minimal synptoms did not veceive antibiotica.
Thirty-two of the hospitalized group were txeated with broad apectrws anti-
biotics withsut ragard for the etreptamycin sansitivity of the isolates: 27
with tetracycline alone, one with tetracycline followed by intravengsus oxyte-
tracycline, tvo with tetracycline and streptomycin, ome with chloromycetin snd
subsequant aslbamycin, &nd one with chlortetracycline. Broad spectrum drugs in
z dosage of 2 gm daily for 7 to 14 days promptly controlled the acute phase of
disease. P. tulsremsis could ke igoluted from sputa, pharyngesl washings er
gastric washings threughout the firat wezk of therapy. Amung 13 of the patienta
treated only with broad spectrum antibiotica which were started during the first
week of disease, four suffered relapses whereas with gimiliar therapy instituted
after the first week of disesse, no relapsez occurred in 17 patients. It ia
epparent that thig group eof drugs are bacterilostatic and fall to eradicate the
organigm frem the host., Wher such therapy is stacted esrly in the iliness the
hoat's 1mwme status often is incapsble of preventing relapses, Retrestment
during relapse with the sams sntibietic 1y effective.
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STUDIES ON PASTEURELLA TULARENSIS
EFFECT OF CORTISONE ON LATENCY OR CHRONICITY IN MONKEYS SURVIVING
RESPIRATORY CHALLENGE WITH P, TULARENSIS
(Hornick, HusEEa)
1, INTRODUCTION
In certain infections the administration of atercids may cause latent
disease to becowe evident. An effort was made to determine if this was true
in monkeys which had recovered from, or survived, respiratory tularsmia.

-I1, MATERIALS AND METHODS

Twelve Macaca mulatta monkeys surviving from various tularemia experinents
were subjected to daily steroid administration, Their past history and status
at the time this study was begun ig shown in Table I. Cortisone acetate

TABLE I, PAST HISTORY AND STATUS OF 12 MONKEYS IN CORTISONE STUDY

ORIGINAL CORTISONE
CHALLENGE { PREVIOUS GROUP | MONKEY | PREVIOUS THERAFY STARTED DURATION
DUSE NO, & DURATION (days) | DAY POST- (days)
CHALLENGE
3,000 | control 288/ Tetracycline (14) 146 32
Control 32 None==-no digsease 146 28
Living vaccine 85 Tetracycline (14) 146 28
Phenolized vac~ 43 Tetracycline (14) 146 28
cine 63 Tetracycline (14) 146 28
30,000 Control 37 None~~no disease 146 28
Centzrol 40 Nene~-no digease 140 Z8
Living vaccine 89 Tetracycline (14) 146 28
 Living vaccine 96 Tetracycline (14) 146 28
100,000 Living vaccinme 11 None 174 32
Living vaccine 132 None 124 32
500 Control 1&3/ Noae 385 32

a. Proven chronic tularemia.
b, Surviving control with biopsy«proven cutaneous tularemic abscesses.

(Merck), 25 mg/ml, was given in daily 50 mg doses to four animals for 32 days.
The remaining eight wonkeys received this same dose of drug for 28 days;
however, during the last 11 days of treatment they were used for other
studies. Blood cultures were obtained three times a week for the first two
weeks and once in the fourth week. Blood was withdrawn from the femoral vein
or artery; 1 ml was injected intraperitoneally immediately into each of two
guinea pigs and an additional porticn was used for routine bleod studies.
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Veokly walghts anrd chest x~rays were obtainad. Physical examinations were dome
dsily as were tempsreture recordings. Bactericlogical examinations were done
At time of auiopsy o= Soth ths momkevs apd guinea pigs when indicated grossly.

111, RESULTS

Facial sdams zppeared first after nine days of cortisone znd eventuzlly was
pressnt in all test anisals. Nirsutiom was noted during the second week of
trestmsnt, Ten of ths animals developed funcreased sempunt and thicknesa of the
facial hsir. Ouns monkey developad scrotal edems after 22 days of cortisone.
Three had flushing of the fsce. The average wzight of the group rose slightly
in the first week, d.sa,, 75 gn, but dsclinad steadily thexeafter. There was no
sapparent effect on ths tempearatures., NWime of the animals developed amall, shotty,
axillery lyaph nodas, some appearing after two days of treatment. There was no
obviour change in the irascible behavior of the monkeys.

Tha usual changes seen in the peripheral blood following steroid therapy were
demonstrated (Yigure 1). There was an early mild, transient leukocytosis, a
development of a relstive neutrophili: secondary to an sctual lymphocytepenia and
a decrease in the eosinophila. The sedimentation rates and tha C-reactive pro-
teins rose and remained elevated throughout the treatment period.

Even though two of the monkeys had proven chronic tularemiz prior to corti-
sone treatment, no positive blood cultures were obtained from these or any of
the other cortisone treated monkeys.

The animal with chronic cutaneous tuiaremla showed no change in the legions
during cortisone administration. No monkey died during this period. The
adrenal glande in these animals, st sacrifice, were grossly diminished from
normal size. There were no gross visible infective processes, with the exception
of two animais: No. 28 had a small splenic abscess positive on culture for P.
tularensis; No. 1A had splenic scars and residual cutaneous abscesses.

IV, CORCLUSIONS

The dosage nf cortisone used in this study caused clinical and laboratoery
abarration typical of hypersteroidiam, There was no evidence that this was
sufficient to break down tularemic foci, Thus, whether the remaining monkeys,
vhich had been tyeated for their acute infection with antibiotics, had any
viable organism; persisting undetected could not be determined by this study.
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