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Q Fever Studies in Southern California

III. Effects of pasteurization on survival of C. burneti in nlaturally
infected milk

By R. J. HUEBNER, M. D., W. L. JELLISON, PH. D., M. D. BECK, and
F. P. WILCOX, D. V. M.*

The first report in this series (1) described the recovery of Coxiella
burneti (Rickettsia burneti) from the pooled raw milk of four dairies
in Los Angeles County. Subsequent studies of 63 dairies in the same
area lhave slhown that the pooled raw milk of 40 dairies contained
sufficient C. burneti to readily infect guinea pigs on intraperitoneal or
subcutaneous injection.
The secon(l rep)ort in this series desciribed epideemiological observa-

tions OI 300 cases of Q fever (2). In that study, it was found that 68
percent of the iinfected persons did not use raw milk in their liouse-
holds. Althouiglh this observation seemed to eliminate the household
uise of raw milk as a mode of infection in two-thirds of the cases, it
by no meains eliminated the use of raw milk as a factor in thle remain-
ing third. The 32 percent of the cases which used raw milk may be
compared to the less than 5 percent of the general population who
are known to use raw milk in the Los Angeles area. Furthermore, it
should be pointed out that case finding to date may have been inlflu-
enced to some degree by selection oni the basis of occupation and
residence.
The resistance of C. burneti to heat has been found to be much

greater than that of the other rickettsias and to excced that of most
vegetative bacteria (3). This observationi suggested that pasteurized
milk and milk products prepared from pasteurized milk must be in-
vestigated as potential sources of Q fever infecetion.
The purpose of the tlhird report in this series is to describe five con-

trolled experiments in whichl the effects of two methods of pasteuriza-

*Laboratory of Infectious Diseases, National Institutes of Health, Plublic hlealth Service, Bethesda, Md.;
Rocky Mountain Laboratory, National Institutes of Health, Public Ilealth Service, Hlamilton, Mont.;
California State Department of Public Ilealth, antd Section of I)airies and Dairy Products, Los Angeles
Couinty Ilealth Department, respectively.
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tion on the survival of C. burneti in naturally infected milk were in-
vestigated. Four separate rigidly observed and controlled tests of the
efficiency of each method (holding vat, and high temperature short
time-HTST) were completed in the five experiments. The results
of infectivity tests of market milk pasteurized in holding vats at 36
dairies are also given.

Materials and Methods

The experiments were performed in two large milk processing plants
A and B. In each plant the milk used in the studies consisted of 400
to 600 gallons of pooled milk from dairies "a" and "b." Composite
milk specimens from each dairy had been found consistently on several
previous occasions to contain sufficient quantities of C. burneti to
readily infect guinea pigs.

Pasteurization Equipment
Standard holding vat pasteurizers without space heaters' but

with vertical mixing coils were used in both plants. The Cherry-
Burrell HTST pasteurizer was employed at plant A, whereas the
Creamery Package HTST pasteurizer was used at plant B.

Milk Supplies
The milk supplies used in experiments I, II, and V represented the

morning and evening milk of 90 to 100 cows from dairy "a". At least
13 of these cows were found shedding C. burneti in milk about 2
months before these experiments were performed. The milk used
in experiments III and IV represented the entire daily output of 90
cows from dairy "b," approximately 20 percent of which were positive
in the complement fixation test for serum antibodies against Q fever.
Tlle milk was collected at each dairy in the customary manner 2 in
10-gallon cans and taken over the shortest possible route by truck
(requiring 1 to 2 hours) to bottling plants A and B. At plant A the
experiments were performed immediately after the evening milk of
dairy "a" arrived at the plant. The morning milk supply from this
dairy was kept at 400 to 430 F. until mixed with the evening milk
supply when it arrived at the plant.
At plant B the experiments were performed immediately upon

arrival of tlhe morning milk slhipment from dairy "b," at which time
MMilk or(linance and code Public Health Bulletin No. 220, 1939. Space heaters are not required by the

Agricultural Code of California aInd are not generally used in Los Angeles.
2 lThe milk drawn from the cows was promptly cooled to a temperature below 50° F. by pouring over

standlard cooling equipment. Although all cans were not tested, temperatures of those which were tested
did not exceed 430 F. At dairy "a" the cans of cooled milk were placed in a cold room (temperature 400 F.)
for several hours before shipment. At dairy "b" arrangements had been made for the delivery truck to
arrive at the dairy as soon as all the milk had been placed in cans. This is the usual procedure at this dairy
which does not have a cold room.
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it was mixed with the milk shipment of the previous evening which
had been stored at 400 to 430 F. during the night.

Pasteurization Procedure
A standard procedure was designed and closely followed in each of

the experiments. Prior to the pasteurizing process, the holding vats,
collecting vats, pipes, and other equipment coming in contact with
milk, except the HTST pasteurizers, were cleaned and subjected to
live steam for 30 minutes. The HTST pasteurizer in each instance
was cleaned and further treated with a chlorine solution containing
several times the amount of free chlorine usually used. The solution,
in turn, was fully eliminated by flowing warm water. From 400 to 600
gallons of milk were used in the experiments, depending on the amount
of milk required to fill completely the holding vat pasteurizer which
was also employed as a mixing vat. After 10 minutes of thorough
mixing, 100 to 200 gallons of milk were routed through the HTST
pasteurizer and from there, following pasteurization, to a collecting
vat where the milk again was thoroughly agitated and mixed. Follow-
ing completion of the HTST test the remaining milk (300 to 400
gallons) was then pasteurized directly in the holding vat where the
milk had been placed originally. The operation of each pasteurizer
during the experiments was regulated and observed by at least three
milk inspectors representing the State, city, and county health
departments.'
Pasteurization Temperature Curves
The temperatures were controlled witlhin expected limits, except

in experiment I when after completing tlhe HTST part of the experi-
ment insufficient milk was retained in the holding vat to control
temperature variations.4 In no experiment did the temperature drop
below the minimum legal requirements.5 In each of the four experi-
ments with the HTST equipment the .temperature was held for 15
seconds at 160.50 F. with a maximum variation of +0.30 F. except
in experiment IV when the temperature increased for a period of less
than 2 seconds to 161.50 F. Temperature curves in each holding
vat pasteurization experiment were checked by thermographic records
and by constant observation of thermometers immersed in the body of
milk. The temperature curves of the HTST experiments were re-
corded exclusively on thermographs.

a The operations in the plant were supervised by H. C. McCausland of the California State Department
of Agricuilture, Jack Covert and Mark Howlett of the Los Angeles City Health Department, and Dr. F. P.
Wilcox of the Los Angeles County Health Department. Dr. Jacob Traum of the University of California
School of Veterinary Science assisted in planninig and observing the experiments.

This part of experiment I was not completed but was repeated successfully in experiment V.
I California law requires a minimum temperature of 1430 F. for 30 minutes for the holding vat and a

minimum temperature of 1600 F. for 15 seconds for the HTST method. I
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The temperature curves for the holding vat experiments are shown in
table 1. The temperatuire was held at 1430 F. with less than +0.5°
F. variation for exactly 30 minutes in each experiment. However, the
time lag require(l to bring the milk up to 1430 F. was somewhat
longer in each experiment than usuially occurs in commercial pasteuri-
zation. This increased lag was the result of deliberate attempts to
prevent excessive variation during the critical initial period when
the temperature first reached 1430 F.

Table 1. Temperature curves of four milk pasteurization experiments in the
holding vat

Temperature Time lag to Time lag be- Time held Temperature
Experiment number sTartatofe 1430 F toeen 1400 F. at 1430 F. variation

periment (minutes) (minutes) (minutes) from 143° F.

0 F.
II- 50 50 7 30 +0.05
III - 60 55 10 30 +0.02

IV -' 63 55 15 30 0
v -45 47 5 30 0

X The temperature of the milk was raised to this level in the holding vat shortly before routing it through
the HTST equipment in order to reduce fluctuations of temperature in the latter. "Raw" milk specimens
were taken at the temperatures shown above.

Test Specimens
Specimens to be tested for C. burneti were collected as follows:

Three wash-water specimens were collected in each of the experiments
from the holding vat pasteurizer, the HTST pasteurizer, and the collect-
ing vat. The specimens were collected at the end of the washiing proc-
ess in sterile 4-ounce screw-cap vials. The milk specimens were
collected in 4-ounce screw-cap vials and in 1-quart mason jars,
whiclh were sealed and sterilized the day before the experiments were
performed.
Raw milk specimens were taken from the holding vat after 10

minutes of thorouglh mixing of the milk slhortly before the pasteuriza-
tion tests were begun. Following pasteurization, milk specimens were
taken from the collecting tank (HTST pasteurized specimens) and
directly from the holding vat. Four-ounce and quart specimens were
taken in duplicate, and the sealed jars containing hiot milk were
immediately placed in a pail of iced water and cooled to approximately
500 F. as required by the California agricultural code for commercial
milk.

In experiments I ancd II, milk specimens were collected from the
bottom outlet of eaclh tank after several gallons of milk hiad been
permitted to flow out. This techlnique was believed to be unwise,
since raw and pasteurized milk escaped from the lholding vat over the
same route. This consideration apparently failed to influence the
single vat experiment completed in experiment II. However, in
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experiments III, IV, and V, sterile one-pint dippers were used to
obtain specimens from the central portion of milk in each of the tanks.

Processing and Testing of Specimens at the Q Fever Laboratory
In each instance when the work of collecting and cooling specimens at

the bottling plant was completed, the specimens were kept iced and
taken to the Q Fever Laboratory, 6 where they were processed for in-
oculation in experimental animals both at that laboratory and at
the National Institutes of Health, Bethesda, Maryland.
Twenty cc. amounts of milk and wash water were distributed by

means of sterile pipettes from one of each of the specimen jars into at
least four 30 cc. sterile screw-cap vials. Three vials representing
each specimen were promptly frozen in dry ice. Five cc. of milk
from each specimen were injected intraperitoneally in each of three
guinea pigs. Similar amounts of wash-water specimens were also
injected in two guinea pigs. At the field laboratory 90 to 100 cc. of
each pasteurized milk specimen were centrifuged at 4,000 r. p. m. for
1 hour. The resulting sediments resuspended in 15 cc. of saline were
divided and injected in three guinea pigs. Unopened duplicate milk
specimens in quart jars were placed in the refrigerator in an upright
position at 400 F. for approximately 12 hours, following which the
cream was removed by pipette and placed in 20 cc. amounts in 1-
ounce vials and then handled exactly as the whole milk specimens
described above. Since spontaneous infections are known to occur
in guinea pigs (4), uninjected animals were added to each cage as
controls.

Tests at the National Institutes of Health
Specimens identical to those injected at the Q Fever Laboratory

(except sediments) were shipped in dry ice by air express to the
National Institutes of Health where they were kept in the frozen state
until injected in laboratory animals. Guinea pigs were injected intra-
peritoneally with 3 cc. quantities instead of the 5 cc. amounts used at
the Q Fever Laboratory. Uninjected controls were again added to
each group of test guinea pigs.

Guinea Pig Inoculations
Male guinea pigs weighing 500 to 800 grams were used at both

laboratories. Rectal temperatures were taken each morning on all
guinea pigs. Althouglh control guinea pigs in several experiments
developed fever during the observation periods, it could not be shown
that this evidence of intercurrent infections in the guinea pigs influ-
enced the results of the experiments. The presence or absence of
infection with C. burneti was determined by the presence or absence

6 The Q Fever Laboratory, Hondo, Calif., is a temporary field laboratory supported as a cooperative
undertaking by the Public Health Service, the California State Departments of Health and Agriculture,
and the Los Angeles County and City Health Departments.
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of specific antibodies against Q fever in the blood serum of guinea
pigs 30 to 38 days after injection. The complement fixation test has
been found, on extensive testing at the National Institutes of Health,
to represent an accurate index of infection among guinea pigs. Be-
cause of its simplicity and accuracy, it has been used in these studies
in preference to the cross immunity tests. Although intercurrent
infections will frequently produce fever in guinea pigs and occasionally
invalidate an immunity test, no other infectious agent has been found
to stimulate the specific complement-fixing antibodies produced by
C. burneti. Furthermore, intercurrent infections appear to have little
or no effect upon the production of such antibodies except as they
may produce premature nonspecific deaths.

Additional evidence concerning infection in the guinea pigs was
sought. One guinea pig in each group (except controls and guinea pigs
injected with water) was sacrificed 12 to 16 days after injection.
Gross autopsy findings were recorded at the Q Fever Laboratory, and
second passages in guinea pigs were attempted with the autopsy
tissues at the National Institutes of Health.
Mouse Inoculations
Limited numbers of mice were also injected with milk specimens at

each laboratory. Although mice have been found susceptible and
have been successfully employed in isolation attempts, little is known
concerning the comparative value of mice as test animals for deter-
mining the presence of Q fever infection in milk. The primary purpose
of the pilot-mouse experiments described in this report was to obtain
information concerning the comparative sensitivities of a "mouse test"
and the "guinea pig test." No attempts were made to establish
strains in mice at either laboratory. Adult white and dilute brown
agouti mice were injected intraperitoneally with 1 cc. of whole milk
from some but not all of the experiments and placed in cages with
two normal uninjected mice. Surviving mice were bled 30 days later.
Because of the small quantities available the mouse serums from each
group were pooled when tested by complement fixation for anti-
bodies against Q fever.

Analysis of Milk Specimens
Chemical and bacteriological analyses of raw and pasteurized milk

specimens used in each experiment are shown in table 2. The butter-
fat fell within expected limits and bacteria counts were not abnormal.
The phosphatase test indicated that adequate pasteurization was
accomplished in each experiment. However, the test was performed
only upon the specimens taken from the body of the milk. No
attempt was made to test foam or swabbings from the inner walls of
the vat pasteurizers.
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Table 2. Chemical and bacogical analysis 1of the milk used in each experiment

Experiment Milk specimens Bacterial Butterfat Acidity Phosphatase
testedcounts ~~~~~~~~~test

DRaw milk 400 4.3 0.07 Positive.I. Dairy a - - 1HTST-300 4.3 .07 Negative.
Raw -2500 4.0 Not done Positive.

II. Dairy a -Vat --------- 300 3.7 Not done Negative.
HTST -1200 3.9 Not done Do.

Raw -11000 3.5 0.075 Positive.
III. Dairy b -Vat - -------- 2300 3.6 .075 Negative.

HTST -2200 3.6 .08 Do.
Raw -5900 3.8 .13 Positive.

IV. Dairy b -Vat----------- 3200 3.8 .13 Negative.
HTST -5100 3.8 .13 Do.

V. Dairy a -(Raw- Not done Not done Not done {Positive.V. Dairya- ~~~~~Vat--------- I fNegative.
1

These tests were performed in the laboratories of the Los Angeles County Health Department under
the direction of Dr. R. V. Stone.

Results in Guinea Pigs
Protocols of the five experiments showing results obtained in guinea

pigs are given in tables 3 to 7. Since in all the experiments injections
of milk, cream, and sediment specimens gave results which were
similar in all respects, the tables do not show this breakdown. Some
of the guinea pigs which were injected did not survive to be tested
in the complement fixation test. A few died before bleeding, and
others were autopsied following which tissues were either passed
into other guinea pigs or frozen for possible future use.

Table 3. Pasteurization experiment 1. Results in guinea pigs injected at 2 laboratories

Nu-Num- Num- Num-Nu1m- rNum- ber pos- ber neg- ber not
her guinea itive 2 atiVe 2 tested Comments on (eol. 7)L,aboratory and benron-i cr- ncon- ginapisnoeese

date specimens Specimens in- guinea pigs incminominom ginepgsotetd
injected jected pigs devel- pie- pIe- ple- by complement fixa-

injcte opng
ment ment ment tioninecedvoer fixation fixation fixationfvr test test test

Raw milk 9 8 4 1 4 2 died on 19th and 20th
days. 1 passed-2d
passage positive for Q

QFever Labora- fever. 1 autopsied 17thQtevry Laora.26 day. Spleen enlarged.tory, Nov. 2 HTST pas- 9 1 0 6 3 3 autopsied on 18th day.
194.

t e u r i z e d Spleen normal.
milk.

Wash water - 6 1 1 5 0
Controls - i-6 0 0 6 0

Raw milk - 8 7 3 0 5 1 died on 4th day. 4 au-
. topsied in moribund

state. 2 showed evi-
dence of intercurrent

National Institutes bacterial infection.
ofHealth,Dec.1, HTST pas- 8 7 0 4 4 2 autopsied-2d passage
1947. t e u r i z e d negative. 2 autopsied

milk. and not passed.
Wash water- 12 3 0 11 1 1 died on 29th day.
Controls --- 14 5 0 12 2 2 died on 9th and 25th

days, respectively.

I Guinea pigs with morning rectal temperatures greater than 39.50
observation period except the day after injection.

2 Guinea pigs were bled 30 to 38 days after Injection.
827190-49 2

C. on one or more days during the
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Table 4. Pasteurization experiment IL Results in guinea pigs injected at 2 laboratories

~aboratory afl(l

(late specimens jSeci ntes in-

injected

Raw milk-

Vat pasteur-
. Fever Labora- ized imiilk.
tory, Nov. 27,
1947.

HTST pas-
t e ui r i z e d
itilk.

Wasli Nvater
Controls

Raw itiilk
at pasteur-
ize(i Tmlilk.

satiotial Institutes fITSl' pas-
of Healtlh, lDce. t ti r i z e d
17, 1947. niiilk.

Washi water

Controls

Num-
her

guinea
tugs

inijected

6

Num- Num-
Num- berpos- ber tet-

her itiVe 2 atiVe 2

guinea'I in coin- in ol-
pigs ptle- pt)t-

devel-opingi inent ment
fping fixation fixation

test test

6 3 ~ 1

s 4

6 2
6 tI6

0 7

Num-
her not
t.ested

iln con-
tle-

nietnt
fixation

test

2

2

0 6 2

oI

5

61

61'

4

3 2

6

6; 0 5

0

Commoents on (col. 7)
guineca pigs not tested
by complement fixa-
tion

1 anitopsied 19 days after
injection. Spleen
3X nortoial. 1 died 9

tlays after injectioni.
Spleen normal.

1 lied 19 (lays after in-
jection. Spleein nor-
tial-poieutnotlia. 1
attopsit-dI 19th day.
Spleen niormal.

2 atitopsiel 19 (lays after
injection. Spleens nior-
trial.

0

2 1 autopsietl ot 16th (day.
Plassage negrative. 1
(lied oti 22 (lay.

2 1 (lie(d 21st (11-da. Spleen
I covered( *wit}I Ito(lUl-S.

1 atitopsiedl Otl llittli
dlay. PIassage iieg-a-
iv-e.

0

1 diedl on 22d day.

Guinea pigs x ith rnorning rectal temperattires greater than 39.50 C. on one or rnore (lays durinig the
observation period except the (lay after inijectioli.

2 Gtiiniea pigs xwere ble(d 30 to 38 days after itijection.

Table 5. Pasteurization experiment I1l. Results in guinea pigs injected at 2 laboratories

N' n-NiNtrri- Nurin-

s -ull ~~~Nu"'t- Iher p)os-1 b)r iwg-rl )eXr iiotItts( ,iln eell |iti ve 2 uti- ttgst-'er Comments oni (eol. 7

Laboratory andI bpctci er guitiea'
eiiiels 111- itn com- in corn-''in cortn- guiniea ptigs tiot testedi

inijecte(d jected gigsa (1)et-el- PlC- tile- le- by compltlemenit fixa-
menit melit mierit lion

injectetl oping fixation fixation fixation,
fever test test test

{Ra1xvmnlilk _ 6i 5 Il1 0
Vat pa.steur- 9 1 0 6 3 3 autopsie(d oti 18th day.
ize(i imiilk. een nornail.

Q Fever Labora- IIIS1' Pas- 9 4 O 6 3 2 autopsie(l oni 18th (lay.
tory, )ec. 3, t e m11 i z e d Spleenis tiornial. 1 an-

1947. 1milk. tolpsied oni 18th (lay.
Spleen 2X lt(rnortl.

Wash ixater 6 2 0

Colntrols--- 8 3 ( 8

l?aw tmiilk 6 4 2

Vat pastetur- 6 0 3 3

ize(l tt,ilk.
Nationdltltistitlits

'97 'ti-ttr9'' iz(P s- 1 0 3 31 9a4h7

m|iilk.

WVash atr f; 0
Cottirols t( 6 8(

2 paisse(l-21 passage
positive for Q fever.

I autopsiedl ottt1sth (lay
I ttassed oji 17th (lay-
2(1 passage nevative.
1 died oni 17th day.

I (lied oni 18th day. 2

attitop)siedl o(i 18th (lay.
I plssed-2(1 passage
tliegat i ye.

(1luinea pigs w ith mnorninig rectal ternlperaWttres greater than 39.50 C. on one or more days d(urinl the
observation period except the day afteritiject ioll.

2 (Iluinea pigs were bled 30 to 38 days after iniject ion.

I

IsI
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Table 6. Pasteurization expriment IV. Resuls in guineapigs injected at 2 laboratories

|NI |Num-| Nur- |Num- Nurm-
N Nmmbe her pos- berneg- her not

guinea', itive 2 ative tested Comments on (col. 7)Laboratoy ens Specimens in- gunea pigu in com- incom- in com- guinea pigs not tested

injected jected guine gvel- pie- ple- pie- by complement fixa-date specimens jected pigs devel- ment ment ment tion
injected oping fixation fixation fixation

fever test test test

Raw milk- 9 7 6 0 3 1 died on 13th day.
Spleen 3X normal. 1
autopsied on 18th day.
Spleen 4X normal. 1
autopsied on 18th day.
Spleen normal.

Q Fever Labora- Vat pasteur- 8 0 0 5 3 3 autopsied on 18th day.
tory, Dec. 5, 1947. ized milk. Spleens normal.

HTST pas- 9 0 0 6 3 2 autopsied on 18th day.
t e u r i z e d Spleensnormal. 1 died
milk. in 3 days-peritonitis.

Wash water- 6 1 0 5 1 1 died in 3 days-peri-
tonitis.

Controls 10 1 0 9 1 1 autopsied on 18th day.
Spleen normal.

Raw milk - 6 5 4 0 2 2 passed in 12 days. 2d
passage positive.

Vat pasteur- 6 2 0 3 3 1 autopsied on 18th day.
ized milk. 1 died on 18th day. 1

National Institutes passed on 17th day-

of Health, Dec. HS2 2d passage negative.
12,1947

e HTST pas- 6 1 O 4 2 1 autOnsied on 10th day
t e u r i z e d 1 passed on 17th day-
milk. 2d passage negative.

Wash water i6 0 0 6 0
Controls - 6 1 0 6 0

' Guinea pigs with morning rectal temperatures greater than 39.50 C. on 1 or more days during the
observation period except the day after injection.

2 Guinea pigs were bled 30 to 38 days after injection.

Table 7. Pasteurization experiment V. Results in guinea pigs injected at 2 laboratories

Num- Num- Num- Num-
Num. her ber pos- berneg- her nother- guinea' bitive2 ative 2 tested Comments on (col. 7)Laboratory and Specimens in- brguineap igs pie- pienpoico- byncoplemenot testa-date specimens jce is dvl ncr-i o-ionguinea pigs nttse

injected jected pigs develpig plmetn plent Plet by com plement flxa3injected ~~~~~~~~~~~meatmeat meat tion
inje-cted oping fixation fixation fixation

fever test test test

6 2 died on 15th day.
Raw milk_____ 6 Nt 4 0 2 Spleen 4X normal. 1i 3 6 taken 54 1 died on 6th day-pneu-

35autopsied on 16th day.
Q Fever Labora- Vat pasteur- r 9 4 1 4 4 Spleens normal. 1
tory Dec. 9,1947. ized milk. 36 2 0 6 0 died on 26th day.

Wash water 2 0 O 2 0
Controls- { 5 1 0 5 0

4 0 ~0 4 0

Raw milk- 6 5 5 0 1 1 died on l9th day. No
National Institutes Vat pasteur 9 3 2 7 0 observation recorded.

of197Helh1e. ized milk.
12,1947. Wash water 3 0 0 3 0

Controls 5 0 0 5 0

Guinea pigs with morning rectal temperatures greater
observation period except the day after injection.

2 Guinea pigs were bled 30 to 38 days after injection.
I Specimens injected into guinea pigs on Jan. 24, 1948.

than 39.50 C. on one or more days during the
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Sumnmarized in table 8 are thle results of complement fixation
tests on the serums of guinea pigs whicih survived injection with
specimens froim five experiments. Of 52 guinea pigs injected witlh
raw milk, 48, or 92.3 percent, were positive in the complement fixa-
tion test at a serum (lilution of 1 to 64 or greater. All 36 guinea
pigs injecte(l witlh HTST pasteurize(l milk were negative at, a (lilution
of 1 to 8. Of 48 guincea pigs injected with vat pasteurized millk 3,
or 6.2 percent, were positive. All 3 of thle "positive" guinea pigs

Table 8. Summary of cornplement fixation tests on guinea pigis used in 5pasteurizationt
experiments at 2 laboratories

Nutimber Number PereentAIatvriall iiijeete(8( guinea pigs positive pI)ositive

Raw miiilk ------- --- 52 48 92.:3
II pluasteurized miiilk .36i 2.
Ilol(linig vat pasteurized milk 48 13 6. 2
Wash ivate(r 7 -------------------- - - --i---- ,57 1. 7
Nonle (controls) 7-3 0()

All lposit ive seruims revealedl titers greater thani(ii]:4.
2 O= Negative at a (lilutionl of 1:8.

occurred amonig 20 wli ich were tested followinig injtectionl witlh vat
plasteurlize(l milk in exp)erimenlt V (table 7). One of these wtas teste(l
at the Q Fever Latboratory an(l twto wvere teste(l at thle National
Inistitutes of Healtlh. Eaclh of the three "positive" guinea pigs lha(d
febrile reactions with oInsets 8, 10, anId 14 (lays, respectively, after
injection. Three of the seventeen "negat,ive" guinea pigs ilIjeIted
with the samnec specimein also dlevelope(l fever but ill one thle fe-ver
beg'an oIn the (lay after injection and was limite(d to a sinigle (lay
ill tIhe other two. Tlhree other guinea pigs also showed( fever but
lid Inot survive to be testedl for serum antibodlies against Q fever.
No satisfactory explaniation was found to account for the occurrence

of antibodlies in one guinea pig injecte(d with wash water from tihe
HTST pasteurizer (experiment I) an(l tested at the Q Fever Labora-
tory. Fifty-six otlher guinea, pigs injecte(l with wash water an(d
73 litiiljecte(h (control gcuinea pigrs were tested (lurIing the five experi-
nients at 1)oth laboratories, an(l all were negative.

Five atteIllpts to 1)ro(ltlce Q fever ill second passage guinea pigs
with tiSsIueS of guinea pigs inijecte(i witlh raw milk from expetimIents
, I11 and IV were in each instance suiecessful. Eiglht similar attempts

x7 ithi pasteurized miillk from experiments I, II, III, an(I IV weie
unsuccessful.

Retrospective attenmpts to establish strains from the pasteurized
ilk of e'xperimlent V several IImoIithls after tlle original results were

obtained were not successful. However, thlis wa.s not unexpecte(l
sin(e tlie specimens lhad( been frozen an(l thawed several times and
mnaintained( at a freezing temperature greater tlhan -100 C.
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The febrile reactions observedl in guinea pigs (luring the five exper-
imnents are shown in table 9. In a previous study (1) it was note(d
that 26 (90 percent) of 29 milk specimens infected witlh C. burneti
produced fever ini guinea pigs. Similarly in this stu(ly, 61 (89.7
percent) of 68 guinea pigs injectedl witlh raw milk dleveloped febrile
reactions (table 9). After pasteurization, milk injections produceed
fewer febrile reactions but the number of thiese. reactions excee(le(l
expected rates. However, febrile reactions during thlese studies

Table 9. Febrile I reactions in test and control guinea pigs during 30 to 38 days'
observation

Number- Numbier PlercenitMaterial inijected suhhiep slowing showigllPis fever fever

Raw milk ----- - 68 61 89. 7
Ll'I'ST pasteurize(d milk - -- - 58 20) 34. 5
I1ol(1iimg vat pasteurized milk --68 14 20. 3
WN'ash water -- -.59 12 20. 3
None (controls) ----- - 77 11 14.3

1 Elevation of morninig temperature above 39.50 C. for one or more days except the day after injection.

were influenced to some extent by intercurrent infections since 14.3
percent of uninjected controls developed fever. That 20 of 58
(34.5 percent) guinea pigs injected witli milk pasteurized in the HTST
equipment developed febrile reactions was not accor(le(d much signi-
ficance since this high percentage was largely due to the fact that the
guinea pigs used in experiment I at the National Institutes of Health
sliowe(l a very high rate of intercurrent infections.

Results in Mice
The results of milk injectioin of mice in geneial were similar to those

obtained in guinea pigs and further demonstrated tlle efficacy of

Table 10. Complement fixation results on serums of mice bled 30 days after injection
with raw and pasteurized milk specimens

Serus ofmiceSerums of mice Serumns of miceSeusoun
injected wi~t'hc injected with injected with ijce
rawmilk vat pasteur- HTSI' pasteur- otoinjieed

.Laboraltory SExperiment r milk ized milk ized milk - control mie

Tested Posi- Tested Posi- Tested( Posi- Tested Posi-tive tive tive tive

f II ~~~21 0~ 2 0 2 0 5 1
Qfever laboratory III 2 2 2 () 2 0 6f )

j IV 1 I1 2 0 2 0 6 0

Natioll.11 Institutes of
2 2

0 1 1 0

Total --------- ---- ---- 10 8 8 0 8 0 19 0

FEach seruim specinicti represenits or 2 inice.
Each scruni specinmetl rep)resents pooled serums of 2 or 3 inice.



April 22, 1949

pasteurization in eliminating C. burneti from milk. Of ten groups of
mice injected at both laboratories with raw milk from three experi-
ments, eight were positive when pooled serums representing each group
taken 30 days after injection were examined in the complement fixa-
tion test for antibodies against Q fever (table 10). Sixteen groups of
mice injected with vat and HTST pasteurized milk specimens were
in every instance negative when similarly tested. Nineteen groups
of uninjected controls were also negative. No difference was ob-
served between the reactions of the two strains of mice (dba and
Swiss). Unfortunately, specimens from experiment V were not
tested in mice.

Tests of Market Milk Specimens
As a result of findings in experiment V, further tests of vat pas-

teurized milk appeared indicated. Thirty-two bottles of vat pas-
teurized whole milk and four bottles of vat pasteurized cream were
obtained from Los Angeles markets and the standard amounts in-
jected in guinea pigs at the Q Fever Laboratory. Three specimens
of whole milk and one cream specimen produced serological evidence
of Q fever in at least one of two guinea pigs.
Although the phosphatase test indicated that one of the "positive"

milk specimens was not free of the phosphatase enzyme and therefore
probably was not fully pasteurized according to regulations, the other
"positive" specimens were negative in the phosphatase test and ap-
parently were properly pasteurized.

Discussion
Recent and contemporary reports (5) have shown that Q fever is a

disease entity of some consequence to man in this and other countries.
Although most reported cases cannot be traced to personal or house-
hold use of infected milk, the demonstration of C. burneti infection in
the mammary gland of cows (1), goats (6), and sheep (6) may indicate
that milk represents a reservoir of Q fever infection. In previous but
as yet unpublished work (3), it was found that C. burneti in laboratory
suspensions (saline and skim milk) showed considerable resistance to
heat; surviving a temperature of at least 600 C. for 30 minutes in
sealed vials. Since this is only slightly below California minimum
requirements I for the holding vat method of pasteurization and since
this type of commercial pasteurization cannot provide assurance that
each particle of milk is raised to the recorded temperature, additional
work needs to be done in order to determine methods of pasteurization
which are completely effective in eliminating C. burneti from milk.

'Agricultural Code of California, September 19, 1947.
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Summary
Four rigidly observed tests of the holding vat and the high temper-

ature fast timne (IHTST) teelniques of pasteurization, as employed
in the Los Angeles area were completed in five separate experiments.
The presence or absence of infection was determined chiefly by serum
reactions in the complement fixation test for Q fever slhown by guinea
pigs and mice 30 days or more after being injected with the milk
specimens.

So. far as could be determined by the methods available, milk sup-
plies pasteurized in the HTST equipment were rendered free of in-
fection, although the same milk in the raw state was shown in each
instance to be highly infectious.
In three of the four vat pasteurization experiments using the holding

vat without space heater, C. burneti apparently was eliminated from
the infected milk supplies. However, the pasteurized milk from one
of the four tests of the holding vat method produced antibodies
against Q fever in 3 of 20 guinea pigs tested. Similarly 3 of 32 spec-
imens taken from bottles of vat pasteurized market milk and 1 of 4
specimens of vat pasteurized market cream produced antibodies
against Q fever when injected in guinea pigs.
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-Announcement-
Formation of the American Board of Preventive

Medicine and Public Health, Inc.
The American Board of Preventive Medicine and Public Health,

Inc., has been formed to further preventive medicine and public
health and to issue to physicians certificates of special knowledge in
this field.

Organization of the Board was accomplished by a nine-member
committee appointed from five associations. Membership included
three members appointed from the Section on Preventive and Indus-
trial Medicine and Public Health of the American Medical Association;
three appointed by the Executive Board of the American Public
Health Association, and one each appointed by the Canadian Public
Health Association, the Southern Medical Association, the Association
of Schools of Public Health.

Three additional members of the Board, representing practitioners
of the specialty preventive medicine and public health, were elected
following incorporation.
The principal purposes of the board as defined in the articles of

incorporation are:
1. To encourage the study, improve the practice, elevate the stand-

ards and advance the cause of preventive medicine and public health.
2. To grant and issue to physicians duly licensed by law to practice

medicine certificates of special knowledge in preventive medicine and
public health.
General Requirements for Certification

1. Moral and ethical standing in the profession satisfactory to
the Board.

2. Graduation from a medical school in the United States or Canada
approved by the Council on Medical Education and Hospitals of the
American Medical Association, or from a foreign medical school
satisfactory to the Board.

3. An internship of at least one year in a hospital approved by the
Council on Medical Education and hospitals of the American Medical
Association or in a foreign hospital satisfactory to the Board.

4. Licensure to practice medicine in the United States or the
Dominion of Canada.

5. Special training in preventive medicine or public health which
shall include:

(a) A period after internslhip of not less than 6 years of special
training, teachling or practice in preventive medicine and public
health which must include (b) and (c).

From the Bulletin of the American Board of Preventive Medicine and Public Health, Incorporated, 1949.
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(b) Successful completion of at least one aca(lemic year of gradl-
uate study lea(ling to the degree of M1aster of Public Healthi or
an equivalent (legree or (liploma or an equivalent satisfactory to
the Board.

(c) Field training or residency of at least 2 years of field ex-
perience in general public lhealth practice whicll includes plaInIned
instruction, observation and active participation in a compre-
hiensive, organizedl, public health progcram, one year of which may
be an approved clinical residlenicy in a field (lirectly relate(d to
public health.

6. Limitation of practice to teaching or practice of preventive
medicine or public hcalth as a specialty.
The Founder's Group
The bylaws authorize the BoardI for a limited period of time to

excuse from examination practitioners of preventive medicine or
puLblic healtlh wh'o have attaine(l unquestioned eminence in the field.
This has been so (lefined as to include professors and associate pro-
fessors of preventive medicine or public lhealth in medical schools
approved by the Council on Medical Education and Hospitals of tlle
American 'Medical Association oIr in schlools of public lhealth accre-
(lited by the American Public Health Association, or individuals who
hlave been or are president of one of the sponsoring societies designated
in the certificate of incorporation, or have had at least 10 years of
(listinguished service in the field of public health an-d are considered
eligible by the Board. Applications for consideration as members of
the Fouinder's Group must be received by July 1, 1950.
Examinations
Examinations will be lheld from time to time and in various places

depending upon need as in(licated by applications received. It is
expected that examinatioins will be held primarily in connection with
the meetings of the American Public Healtlh Association. The
examination will consist of two parts:

Pairt one will consist of a comprehensive written examination
lesigned to test the kiiowledlge of the applicant in the general field of
preventive medicine and( public lhealth. These examinations will be
announced at least 60 days pr'ior' to the lholding of the examinations.
Thle written examination will be confined to one day. Part two will
consist of the oral or practical examination whichl will be held on the
day following the written examination. Tlhis examination will be
held before two to four examiners, members of the Boar(d or asso-
ciate examiners. An enideavor will be made to adapt the details of
the oral examination to each candidate's experience and practice.
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The examiners will report orally upon each candidate to the assembled
Board, after which the results of the examination will be considered
jointly by the entire Board and the examiners. Final action of the
Board will be based upon the candidate's ethical and professional
record, training and attainments as well as on the results of his formal
examination.
Applications
Each application for examination for certification shall be in writ-

ing signed by the applicant and shall be filed with the secretary* not
less than 90 days prior to the date of examination. Application must
be on prescribed application forms. The application must be accom-
panied by an application fee and two recent, clear, unmounted, auto-
graphed photographs of the applicant and by at least two letters from
physicians duly licensed by law to practice medicine, stating in sub-
-stance that in the opinion of the writer of such letter the applicant is
eligible under the provisions set up by the Board.

Fees
The Board is incorporated as a nonprofit corporation and no mem-

ber of the Board may receive any compensation. Minimum fees are
specified, consistent with the cost of examination and certification.
The total cost to the applicant is $50.

Application fee -$15

No application can be considered for classification and action by
the eligibility committee unless accompanied by the application fee.
The application fee is not refundable.

Ce,rtification fee -$35
This fee is payable when the candidate is notified of acceptance for

examination or as a member of the Founder's Group. It is not re-
turnable after the candidate has been officially accepted and notified
by the eligibility committee to report for examination. All applica-
tions must be on the standard form and accompanied by the necessary
documentation. No member of the Board is authorized to give
informal opinions as to the eligibility of the candidates. The deter-
mination of eligibility will be made only by the eligibility committee
after receiving full application information. All candidates must
comply with Board regulations in effect for the year in which the
examination is taken, regardless of when the original application was
filed. Applicants declared ineligible for admission to examination
may reopen their applications within 2 years of the filing date without
payment of an additional application fee. Applicants declared

Ernest L. Stebbins, M. D., 615 North Wolfe Street, Baltimore 5, Md.
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eligible but who fail to exercise the examination privilege within 3
years of the date of the filing of the application are required to file a
new application and to pay a new application fee.

Certification
Upon satisfactory completion of the examinations or in the case

of the Founder's GIoup, upon the affirmative vote of the Board, a
certificate will be issued to the effect that the person named has been
found to be possessed of special knowledge in preventive medicine
and public le?altlh. This certificate will be signed by the officers of the
Board and shall have its seal affixed. Each certificate shall remain
the property of the corporation, but each person to wlhom a certificate
is issued slhall be entitle(d to its possession until revoked. Any certificate
issIed( l)y the BoaIrd mlay be ievoke(d if evi(lence, satistactory to the
Board, is presentedlthat the applicant was not elig,ible at the time of
ap)plication, oIr Ina(le aliy mnisstateiiienit or misrepresentation of facts

oIr that hiis liceinse to practic(e medicine lias been suspen(led or revoked.
The Boar-d was create(d in accordancec with action of the Advisory

Board for MIedical Specialties and approved by the Council on Miedical
Education andl Hospitals of the American MNledical Association.

DEATHS DURING WEEK ENDED MAR. 26, 1949
[From the Weekly MIortality Index, issued by the National Office of Vital Statistics]

Wekene Correspond-\'elek cid,eti ilig wseek,Mar. 26, 1949 1948

Data for 94 large cities of the Unite(d States:
Total (leaths 1), 146 9,73
Me(lian for :3 prior ysears - 9,7 ---
Total dleaths, first 12 wseeks of year 118, 822 123, 111
I)eaths uin(ler I year of age _ 641 688
M\ledian for :3 prior years 681 -- - - -__
I)eaths tinder I year Of age, first 12 weeks of year 8, 042 8, 357

Data from in(lutstrial insurance comnpanies:
'olicies in force 0, .534. 114 71,146, 501
Number of death claims 12, 813 13, 380
I)eath claims per 1 n policies in force, annual rate 9.5 9. 8
D)eath claims l)er 1,(XX) piolicies, first 12 uweeks of year, annual rate 9.8 10. 6



INCIDENCE OF DISEASE
No health department, State or local, can effectively prevent or control disease without

knowledge of when, where, and under what conditions cases are occurring

UNITED STATES
REPORTS FROM STATES FOR WEEK ENDED APRIL 2, 1949

A net decline of 1,442 cases in the incidence of measles was
reported-from a total of 33,347 last week to 31,905 currently.
The 5-year (1944-48) median is 23,784, reported for the corresponding
week last year. Decreases in 5 geographic areas, ranging from 453
in the South Atlantic to 754 in the Middle Atlantic, aggregating
3,040, were partly offset by increases reported in the New England
area (from 3,209 last week to 3,670), the East North Central (3,135
to 3,539), the Mountain (1,130 to 1,340), and the Pacific (2,759 to
3,282). Of 24 States reporting more than 346 cases, 13 reported
increases, the largest of which occurred in California (1,833 to 2,230),
New Jersey (1,366 to 1,663), Wisconsin (1,700 to 1,951), Washington
(411 to 651), and Massachusetts (1,158 to 1,391). The total to
date is 283,056, 5-year median 199,206. Only 4 times in the past
13 years has the reported peak of weekly incidence occurred before
the first week of April.
A total of 3,068 cases of influenza was reported, last week 3,616,

5-year median 2,770. Only Virginia (265), South Carolina (418),
and Texas (1,495), reported more than 163 cases.
Of 43 cases of poliomyelitis, only 4 States reported more than 2

eases each-California 11, Texas 6, and Montana and Utah 5 cases
each. The total to date is 1,016, 5-year median 453, corresponding
period in 1947 (highest of the past 5 years) 667.
During the week 3 cases of anthrax were reported, 2 in New York

and 1 in Massachusetts, and 2 cases of smallpox, 1 each in Mississippi
and Texas. Since the first of the year 3 cases of smallpox formerly
reported (1 each in Louisiana, South Dakota, and Wisconsin) have
been canceled, leaving the corrected total to date 25, as compared
with 33 for the same period last year and a 5-year median of 124.
Deaths recorded during the week in 94 large cities in the United

States totaled 9,819, as compared with 10,146 last week, 9,742 and
10,248, respectively, for the corresponding weeks of 1948 and 1947,
and a 3-year (1946-48) median of 9,742. The total to date is 128,641,
as compared with 132,853 for the same period last year. Infant
deaths totaled 654, last week 641, 3-year median 677. Cumulative
figure, 8,696, same period last year 9,039.
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Communicable Disease Charts
AU reporting States, November 1948 through April 2, 1949
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FOREIGN REPORTS

CANADA

Provinces-Communicable diseases-Week ended Mlarch 12, 1949.-
During the week ended March 12, 1949, cases of certain communica-
ble diseases were reported by the Dominion Bureau of Statistics of
Canada as follows:

Prince NoaNew Qu-O-Mn-Sas- lbrBritish
an' kac

Disease Edward Scotia Brims- bec tario toba katch- ta Colum- Total
Island Scta wick ewan bia

Chickenpox -17 8 284 624 34 49 45 312 1,373
Diphtheria --- 18 ------18
Dysentery, bacillary --- 4 ------ 4
Encephalitis, infectious --------- 1
German measles -- - 230 54 130 15 8 437
Influenza -16 --- 31 14 ---- 61
Measles -137 33 245 315 195 162 275 209 1,571
Meningitis, meningococ-
cal - -1 2 1 ---1 5

Mumps - - ----- 21 6 177 386 54 42 32 90 808
Scarlet fever -6 104 121 1 2 8 4 246
Tuberculosis (all forms) -8 16 107 24 13 8 16 55247
Typhoid and paraty-
phoid fever - -3 8 2 ---- 13

Undulant fever --- 1 1 -----2
Venereal diseases:

Gonorrhea -4 10 101 51 25 16 31 55 293
Syphilis -5 2 55 36 11 11 9 10 139

Whooping cough -16 2 147 i9 4 13 5 -- 206

JAPAN

Notifiable diseases-4 weeks ended February 26, 1949, and accu-
mulated totals for the year to date.-For the 4 weeks ended February
26, 1949, and for the year to date, certain notifiable diseases have
been reported in Japan as follows:

4 weeks ended Feb. 26, Total reported for the
1949 year to date

Disease

Cases Deaths Cases Deaths

Diphtheria- 1 605 161 3,473 392
Dysentery, unspecified -138 36 301 93

Gonorrhea -14,229 -29,279-
Influenza -216 -- 391
Malaria -85 -- 199 5

Measles--------------------- 9,195 -- 15,406
Meningitis, epidemic -107 28 216 53
Paratyphoid fever -116 4 332 8

Pneumonia -15,818 -- 30,072
Scarlet fever -316 7 837 17
Smallpox- 3 4
Syphilis ----------------- ------ 16,639-32,303-
Tuberculosis-- ---------------------- 32,215-- 62,512
Typhoid fever ---- ----------- 373 42 90691
Typhus fever -- 25 1 58 1
Whoopingcough -6,160-11,608-

NOTE.-The above figures have been adjusted to include delayed and corrected reports.
(520)
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REPORTS OF CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND
YELLOW FEVER RECEIVED DURING THE CURRENT WEEK

NOTE.-Except in cases of unusual incidence, only those places are included which had not previously
reported any of the above-mentioned diseases, except yellow fever, during recent months. All reports of
yellow fever are published currently.
A table showing the accumulated figures for these diseases for the year to date is published in the PUBLIC

HEALTH REPORTS for the last Friday in each month.

Cholera

Burma-Bassein.-During the week ended March 12, 1949, 1 case
of cholera was reported in Bassein, Burma.
India-Calcutta.-Cholera has been reported in Calcutta, India, as

follows: Week ended March 12, 1949, 137 cases, 33 deaths; week ended
March 19, 136 cases, 43 deaths; week ended March 26, 234 cases.
Indochina (French)-Cochinchina.-On March 20, 1949, 1 fatal case

of cholera was reported in Cochinchina, French Indochina.
Plague

British East Africa-Tanganyika.-During the period February
1-20, 1949, 11 cases of plague, with 9 deaths, were reported in Tan-
ganyika, British East Africa.
China-Wenchow.-During the period March 5-9, 1949, 3 cases of

plague were reported in Wenchow, Chekiang Province, China.
India.-Plague has been reported in Calcutta and Cawnpore, India,

as follows: In Calcutta, week ended March 19, 1949, 5 cases, week
ended March 26, 18 cases; in Cawnpore, week ended March 12, 34
cases, 10 deaths, week ended March 19, 23 cases, 6 deaths, week ended
March 26, 28 cases.
Rhodesia (Northern).-During the period February 1-17, 1949, 2

fatal cases of plague were reported in the Mankoya district of Barotse-
land Province, Northern Rhodesia.
Siam.-During the period February 20-March 12, 1949, 77 cases of

plague, with 17 deaths were reported in Siam.

Smallpox
British East Africa-Nyasaland.-Smallpox has been reported in

Nyasaland, British East Africa, as follows: In Lilongwe, week ended
March 5, 1949, 19 cases, 4 deaths; in Blantyre, week ended March 12,
95 cases, 39 deaths (including cases not previously reported).
Burma.-For the week ended March 19, 1949, 12 cases of smallpox

were reported in Rangoon, Burma, and 7 cases in Moulmein; for the
week ended March 26, 17 cases were reported in Rangoon and 5 cases in
Moulmein.
China.-Smallpox has been reported in China as follows: For the

period March 1-10, 1949, Amoy 16 cases, Canton 28 cases; for the
week ended Mlarch 26, Shanghai 19 cases.
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Cuba-Habana.-Inforination received April 6, 1949, states that 1
additional case of smallpox has been reported in Habana, Cuba. This
case is stated to have developed in the wife of the original patient.
She had been in contact with him throughout the illness, and with all
other contacts had been in isolation. The observation of these con-
tacts ended April 6; and if no further cases developed before the end
of the day, the quarantine of the contacts was to be ended as of that
date.
India.-Smallpox has been reported in cities in India as follows:

Week ended MIarch 19, 1949, Ahmedabad 65 cases, Bombay 87 cases,
Calcutta 62 cases, Madras 32 cases; week ended March 26, Bombay
118 cases, Calcutta 46 cases, Madras 28 cases.
Java-Batavia.-Information dated Miarch 10, 1949, states that in

the recent epidemic of smallpox in Batavia, 1,000 cases lhad been re-
ported in Batavia and vicinity, up to Mlarch 3. The seriousness of the
outbreak is stated to be considered increasing.

Transjordan.-During the week ended March 26, 1949, 15 cases of
smallpox were reported in Transjordan, including 7 cases in Amman.

Typhus Fever

Chile-Santiago.-During the period MIarch 4-20, 1949, 20 cases of
typhus fever were reported in Santiago, Cliiie.
Ecuador.-During the period February 1-28, 1949, 28 cases of

typhus fever (including murine type) were reported in Ecuador.
Italy-Naples.-During the week ended February 19, 1949, 5 cases

of typhus fever with 2 deaths were reported in Naples, Italy.
Portugal-Lisbon.-During the week ended March 19, 1949, 1 case

of typhus fever was reported in the city of Lisbon, Portugal.

Yellow Fever

Belgian Congo-Stanleyville Province.-On March 6, 1949, 1 death
from yellow fever was reported in Titule Region, Stanleyville Prov-
ince, Belgian Congo.

x
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