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THE BENEFICIAL EFFECT OF CHLOROMYCETIN
IN BRUCELLOSIS1, 2

BY THEODOREE. WOODWARD,3JOSEPH E. SMADEL,' WILLIAM A.
HOLBROOK,6AND WILLIAM T. RABY*

(From the Department of Medicine, University of Maryland School of Medicine, and the
Department of Virus and Rickettsial Diseases, Army Medical Depart-

ment Research and Graduate School)

Newer antibiotic agents have greatly extended
the range of specific therapy in the group of infec-
tious diseases with increasing rapidity. Much of
this effort is directed against gram-negative bacilli
in which group the Brucellae command a promi-
nent position. Up to the present time the use of
therapeutic agents in brucellosis has resulted in a
certain measure of success, but with limitations,
particularly from the point of view of failure to
prevent recurrences.

One of these new antibiotics is chloramphenicol
(Chloromycetin) a streptomyces, first isolated by
Burkholder,7 crystallized by Ehrlich and his asso-
ciates (1) and demonstrated to possess potent anti-
microbial effect against many gram-negative or-
ganisms including all members of the Brucella
group (2). The pharmacological and toxicologi-
cal characteristics of this new agent are now a
matter of record (2) and the chemical structure of
the antibiotic agent is known. (3). In experi-
mental and clinical infections the synthetic form
of Chloromycetin has been found comparable to
the naturally produced product in degree of ef-
fectiveness (4).

Chloromycetin is well absorbed from the gastro-
intestinal tract. Serum levels of the drug after
oral administration have been found comparable
to those obtained by parenteral administration.

1Presented at the Second National Symposium on
Recent Advances in Antibiotics Research held in Wash-
ington, D. C., April 11-12, 1949, under the auspices of the
Antibiotics Study Section, National Institutes of Health,
Public Health Service, Federal Security Agency.

2This study was supported by a grant from the Clini-
cal Division, Parke, Davis and Company.

8Associate Professor of Medicine.
4Director of the Department of Virus and Rickettsial

Diseases, Army Medical Department Research and Grad-
uate School.

5 Assistant in Medicine.
6 Resident in Medicine.
TDr. Paul R. Burkholder, Osborn Botanical Labora-

tory, Yale University.

There are no reports up to the present time of
toxic manifestations resulting from the oral admin-
istration of Chloromycetin. The prolonged intra-
muscular administration in dogs resulted in a
moderately severe anemia without significant
changes in the white blood cells and without dis-
turbance in hepatic or renal functions (2).

The initial studies of the antibiotic spectrum of
Chloromycetin in vitro and in vivo in animals indi-
cates a wide range of usefulness, particularly in
rickettsial and gram-negative infections (2, 5).
Among the gram-negative organisms showing a
considerable degree of sensitivity to this antibiotic
are Brucella abortus, Brucella melitensis and Bru-
cellao suis. It is interesting to point out that up to
the present time Chloromycetin has not failed to
exert great beneficial effect in those clinical dis-
eases whose organism has been found sensitive to
the agent when tested in the laboratory.

In Maryland the opportunity to treat brucellosis
afforded itself because of a rather prevalent inci-
dence of the B. abortus and B. suis types of infec-
tion. Wehave observed nine patients with active
infection during the period from July, 1948, to
February, 1949. Six of these patients were ex-
periencing an initial attack, whereas three patients
showed a relapse of fever two, three and five
months after the primary illness treated with a
combined course of streptomycin and sulfadiazine.
The present study deals with the results obtained
following Chloromycetin administration in these
nine patients. Observations on non-treated cases
(controls) were not made because of the insuffi-
cient number of available patients.

METHODSAND PROCEDURE

Chloromycetin was administered orally, the antibiotic
having been furnished by Parke, Davis and Company in
the form of 025 gm. tablets and capsules. The tablets
were swallowed whole and in spite of the bitter taste no
difficulty was experienced with oral administration. Chlo-
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romycetin now supplied in gelatin capsules is taken orally
without unpleasantness.

The dosage regimen adopted for this study was empiri-
cal and based, in general, on prior experience in scrub
typhus and typhoid fever (6, 7). The large initial dose
in each instance was approximately 50 mg. per kilo.
After the initial dose, Chloromycetin was given at three
hour intervals in 0.25 gm. amounts until the temperature
was normal and for a minimum of five days thereafter.

Blood levels for Chloromycetin were determined
throughout the period of treatment. A modification of
the method of Joslyn and Galbraith (8) which employs
inhibition of growth of Shigella sonnei was used for these
micro-biological assays. The sensitivity of the brucella
was determined by inoculating a standard quantity of the
bacterial suspension into serial dilutions of Chloromycetin
in tryptocase broth. After approximately three days' in-
cubation, the sensitivity was determined turbidimetrically
by the 50 per cent end-point technique as applied to fluid
culture.

Confirmation of the clinical diagnosis of brucellosis
was sought in each instance through the following proce-
dures: (1) Blood was taken from the patient for culture
before instituting treatment. Venous blood was inocu-
lated directly into tryptocase broth which was then incu-
bated at a temperature of 370 C. in an atmosphere of 10
per cent carbon dioxide. Subcultures were made on

tryptocase agar utilizing the same conditions. Blood cul-
tures were repeated on each patient at least three times
during the period of hospitalization and one month fol-
lowing discharge from the hospital when the first follow-
up studies were performed. (2) Agglutination tests,
utilizing B. abortus as antigen, were performed by the
usual clinical laboratory techniques.

Hemoglobin levels, red and white blood cell counts
and differential leukocyte counts were performed in the
usual manner.

RESULTS

a. Confirmation of diagnosis: In seven of the
nine patients constituting this series of treated pa-

tients, four showed a positive blood culture for
B. abortus, two for B. suis and one for B. meliten-
sis prior to the administration of Chloromycetin.
All of the post-treatment blood cultures remained
sterile. In all nine patients a significantly high
rising titer for brucella agglutinins was demon-
strated (Table I).

b. Blood levels of Chloromycetin and sensitivity
tests: The levels of Chloromycetin in the blood
were found to be comparable to those obtained and
reported elsewhere (9). For 24 hours following
the initial dose of the antibiotic, the level ranged
in seven patients tested from 10 to 50 gammaper
cc. During the ensuing therapeutic days when the
patients were on a comparable dose of .25 gin.

every three hours the average level was 15 gamma
per cc. up to the time of cessation of therapy. The
sensitivity of the infecting organisms tested on four
patients ranged from .78 to 2.4 gamma per cc.

(Table I). These concentrations compare favor-
ably with the figures reported by Smith et al. (2)
who had previously demonstrated inhibition of
Brucellae to Chloromycetin in the following con-

centrations: B. abortus, 2.0 gamma per cc.; B.
suis and B. melitensis, 0.5 gammaper cc.

The course of undulant fever in patients treated
with Chloromycetin

The mean duration of fever prior to treatment
in the nine treated patients was 30 days. Two of
these patients were more seriously ill than the
others. Within 36 hours after the start of specific
treatment they were resting more comfortably,
spent a more restful night for the first time since

TABLE I

Tabulation of results on the use of Chioromycetin in brucellosis

Day of Duration Last Agglutination
CaseAe Sex illness fever febrile Size Of Chloromy______ Blood Sensi- MaximumCase Age S therapy aft. day of spleen Chioromycetin culture tivity blood level

beg. therapy illness Acute Cony.
total total 'y/cc. 7Y/cc.
days grams

1 27 M 53rd 2.0 55 + + 6 13.75 1280 2560 Abortus 2.4 50
2 31 F 12th 2.0 14 + 6 11.25 80 1280 18
3 32 M 25th 2.5 27 +++ 9 19.25 640 640 Suis 12
4 28 M 19th 2.0 21 ++ 6 15.50 320 1280 Suis 1.2 10
5 29 M 23rd 3.0 26 0 8 19.0 640 640 Abortus .78 33.5
6 38 M 57th 4.5 61 + 12 24.75 1280 1280 Abortus 1.2 24.9
7 24 M 32nd 2.0 34 + 10 29.0 1280 1280 Abortus - 16.0
8 31 M 25th 2.0 27 0 8.0 25.0 640 640 -
9 26 M 28th 5.5 33 ++ 10 25.0 640 10,000 Melitensis

Mean 30.3 2.7 33.0 8.3 20.28
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the onset of illness and diaphoresis was greatly
reduced. In the seven other patients there seemed
to be immediate improvement of the body and
joint pain and there was decidedly improved taste
for food.

The mean in the nine patients for duration of
fever after beginning Chloromycetin treatment was
2.7 days. The temperature in all remained normal
thereafter. Seven of the nine patients had en-
larged spleens felt from one to three fingers below
the costal margin. In five patients the spleen was
observed to become non-palpable during the course
of antibiotic treatment and in the remaining two
the spleen disappeared to palpation several days
after stopping the drug. The response to treat-
ment in six patients is best demonstrated in fig-
ures 1-6 which are accompanied by brief clinical
records.

Occurrence of complications

a. Relapses: There was one relapse, the recur-
rence beginning 31 days following discontinuance
of Chloromycetin. Although we were unsuccess-
ful in re-isolating the B. abortus from the blood,
it is of considerable importance that the re-
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administration of Chloromycetin resulted in a
prompt clinical response.

b. Complications: In the group constituting this
series of nine treated patients there were no com-
plications attributed to brucellosis observed after
Chloromycetin treatment. The patient with the
melitensis type infection developed an orchitis
three months following sulfadiazine and strepto-
mycin treatment. Two days after receiving Chlo-
romycetin the patient noted a definite improvement
not only in reduction in size of the testicle but a
marked reduction in tenderness.

Illustrative Case Reports
Case No. 1. (Figure 1.) The patient was a 27-year-

old Negro who contracted illness from drinking raw milk.
He was hospitalized at Fort Meade on the 29th day of
disease. His early complaints were primarily those of
fever, profuse sweating, headache, anorexia, general weak-
ness, and malaise. After admission the evening tempera-
ture reached 1050 F. and ranged from 102 to 105° prior
to the administration of specific therapy. His nights
were restless because of the pyrexia, sweating and gen-
eral aching. There were no signs of a localized infec-
tion. On the 32nd day of illness culture of the blood was
positive for B. aborts. The organism isolated was sensi-

PATIENT S1 MALE AGE Et
16 0 LB.

DAY OF DISEASE

+ -+ 0 0 0

Y2s60
SPLEEN I 1 *+++++++0ooo0 I

FIG. 1. (CASE No. 1.) CHARTOF RESULTS IN A PATIENT (MALE, AGE 27,
160 LBS.) WITH BRuTELcosis OF ABORTUSTYPE-TREATMENTWITH CHLORO-
MYCETIN
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FIG. 2. (CASE No. 3.) THE COURSEOF ILLNESS IN A PATIENT (MALE, AGE
32, 160 LBS.) WITH BRUCELLOSIS OF Suis TYPE-TREATMENTWITH CHLORO-
MYC1TIN

tive to Chloromycetin in the concentration of 2.4 gamma

per cc. At this time the serum agglutination for B.
abortus was 1/2560. The spleen was readily palpable
and there were scattered rales throughout both lungs.
Chloromycetin was given orally with an initial dose of
3.0 gms. and a subsequent dosage of .25 gm. every three
hours. The drug was well tolerated. On the first night
of drug treatment the patient was more comfortable and
diaphoresis was greatly reduced. On the following day
the appetite was decidedly improved and the bedside ap-

pearance was brighter. The evening temperature reached
normal 48 hours after institution of treatment and re-

mained normal thereafter. The spleen could not be felt
after five days of therapy. A total of 15.75 gms. of
Chloromycetin was administered, the course extending
until five days of normal temperature. Three blood cul-
tures taken during the convalescent period were sterile.
The patient was discharged 25 days after the institution
of Chloromycetin and now remains free of symptoms.

Case No. 3. (Figure 2.) A 32-year-old white man

first became ill in June, 1948, with evening fever, an-

orexia, general malaise, weakness and chilly sensations.
For one year the patient had been employed in a slaughter
house participating in the slaughtering of cattle, hogs and
in the packing of meat. For the initial attack he received
combined streptomycin and sulfadiazine. At this time
the spleen was enlarged, firm and smooth to palpation and
descended two finger breadths below the costal margin.
The agglutinins for B. abortus rose from 1/1280 to
1/10,240. The temperature became normal after seven

days of this combined treatment but the spleen did not

appreciably change in size. Two months later the pa-
tient noticed a recurrence of symptoms, the evening tem-
perature reached 1040 F. and the spleen was readily
palpable. The serum agglutination titer was 1/1280 and
the blood culture was positive for B. suis. Chloromyce-
tin was administered with an initial dose of 50 mg. per
kilo. beginning on the 10th day of relapse. The drug was

then administered orally in .25 gm. amounts every three
hours until five days of normal temperature. The eve-

ning temperature reached normal 2.5 days following the
institution of treatment, at which time the patient was

asymptomatic. In six weeks the patient had no com-

plaints, the blood cultures were sterile and the spleen
was not palpable. The patient is now eight months con-

valescent and apparently well.

Case No. 4. (Figure 3.) A 28-year-old male con-

tracted B. suis infection from handling meat in a city
packing establishment. The primary attack began in
June, 1948, at which time the blood culture revealed B.
suis. The spleen was palpable on this admission. The
evening temperature averaged 1010, and the patient com-

plained primarily of general muscular aching along with
sweating and anorexia. After three weeks of tempera-
ture a combined course of streptomycin and sulfadiazine
was administered. The temperature reached normal in
seven days, and the patient was generally improved.
Brucellin was employed during the convalescent period
which was accompanied by body pain and fever soon after
administration. A persistent daily fever reappeared less
than two months after the first therapeutic course. The
blood revealed B. suis and the serum agglutinating titer
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FIG. 3. (CASE No. 4.) CHARTOF RESULTS IN A PATIENT (MALE, AGE 28, 155
LBS.) WITH BRUCELLOSIS, SuIS TYPE-TREATMENTWITH CHLOROMYCETN

No recurrence after eight months.
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FIG. 4. (CASE No. 5.) THE RESPONSETO CHLOROMYCETININ A PATIENT
(MALE, AGE29, 120 LBS.) SEVERELYILL WITH BRUCELLOSIS (ABoRTus TYPE)

No recurrence after six months.
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for B. aborts was 1/320. The afternoon temperature
reached 101° and the spleen was palpable two fingers be-
low the costal margin. A sensitivity test for the infecting
organism revealed inhibition to Chloromycetin at 12
gammaper cc. Chloromycetin was given with an initial
dose of 3 gms. and thence .25 gm. every three hours
throughout five days of normal temperature. The total
amount of drug used was 15.5 gms. The temperature
reached normal 48 hours after beginning of treatment.
Even before the fall of temperature the patient stated that
he felt better. The spleen could not be palpated on the
fourth day of normal temperature. Three blood cultures
taken on the fourth, 12th and 35th afebrile days were
sterile. The follow-up examination four weeks following
discharge revealed an asymptomatic patient whose spleen
was not palpable. Eight months have now elapsed with-
out recurrence of symptoms.

Case No. 5. (Figure 4.) A 29-year-old white man
contracted undulant fever from drinking raw milk. The
acute illness was characterized by upper abdominal pain,
nocturnal fever, anorexia and general malaise. Blood
taken on the 22nd and 23rd days of illness revealed B.
abortus found sensitive to Chloromycetin in the dilution
of .78 gammaper cc. The serum agglutinating titer was
1/640. Before institution of treatment the evening tem-
perature ranged from 102 to 104.5° F., the patient appeared
quite toxic and had little inclination to eat. Sweating
was moderately severe. Three gms. of Chloromycetin
were given orally on the 23rd febrile day. The subse-
quent oral dose was 25 gm. every three hours. The
temperature reached normal after three days of anti-
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biotic treatment, and the general appearance was im-
proved in half this time. The appetite rapidly returned
and diaphoresis was lessened. On the fifth afebrile day
the serum agglutinating titer for B. aborts was 1/640.
Blood cultures taken on the second, third, seventh, eighth
and 40th post-treatment days were sterile. Six weeks
after discharge from the hospital examination revealed a
healthful patient who had no complaints. At this time
the spleen was not palpable and the blood was sterile.
Of added interest a brucellergin skin test performed dur-
ing the afebrile period was negative. The patient is
healthy and well seven months after his course of therapy.

Case No. 6. (Figure 5.) A 38-year-old white man
acquired B. abortus infection from drinking unpasteurized
milk in a rural area. The early illness was characterized
by evening temperature, chilly sensations and severe
sweating. There was upper abdominal pain with general
malaise and bothersome joint pains. Anorexia was
marked. On admission to the hospital on about the 50th
day of illness a rather toxic individual was observed.
The temperature reached 104° F. Examination revealed
a few scattered rales in the lungs and an easily palpable
spleen. The agglutination for B. abortus was 1/1280.
Two blood cultures taken during his pretreatment study
period were positive for B. abortus which was found
sensitive to Chloromycetin in the dilution of 1.2 gamma
per cc. Three gms. of Chloromycetin were administered
on the 57th day of illness with subsequent doses of 25
gm. every three hours until five days of normal tempera-
ture. There was no fever after 4.5 days of treatment.

PATIENT Id MALE AGE 38
150 LB.

-~~~~~~3DAY or DIIEASZgofCULTURE T O O

IASLUTIAhTION .1 __ ___o
SPLEEN +.++44.+o000 0000000000

FIG. 5. (CASE No. 6.) COURSEOF ILLNESS IN A PATIENT (MALE, AGE 38,
150 LBS.) WITH ABORTUS TYPE OF BRUCELLOSIS-TREATMENTWITH CHLORO-
MYCETIN

No recurrence after seven months.
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The appetite improved and sweating was lessened after
two days of therapy. The spleen was not palpable on
the sixth post-treatment day. The total amount of Chlo-
romycetin used was 24.75 gms. Blood taken for culture
on the second, fifth, sixth and 16th post-treatment days
was sterile. The highest agglutinating titer for B. abor-
tus was 1/1280. Follow-up examination six weeks after
discharge from the hospital revealed an afebrile patient
without complaints. At the time of this examination the
spleen was not palpable and the blood culture was sterile.

Case No. 7. (Figure 6.) The patient, a 24-year-old
white man, acquired an abortus type of brucellosis from
the butchering and sampling of meat. A prodromal pe-
riod of several weeks was characterized by a profound
lethargy and aching of the head and back. Fever was
first observed several weeks later on about January 1,
1949, with the evening temperature reaching 101° F.
Several days prior to hospitalization diaphoresis was
pronounced and the temperature reached 1040 F. All
symptoms were then accentuated, and nausea with vomit-
ing occurred. Blood taken prior to the institution of
specific treatment revealed a gram-negative organism
identified as B. abortus. The agglutinating titer at this
time was 1/1280. On the 32nd day of fever Chloro-
mycetin was administered with an initial dose of 3.0 gms.,
and subsequent doses of 1.0 gm. every eight hours con-
tinued in this manner until six full days of normal tem-
perature ensued. The febrile response to therapy is
represented in Figure 6. For 24 hours after starting

Chloromycetin all symptoms were greatly magnified and
the patient felt worse. Decided clinical improvement
marked by reduction of muscle aches and increase in
strength and vigor was apparent on the second treatment
day. The temperature was normal after two full days
of treatment. Convalescence thereafter was rapid. A
total of 29.0 gms. of Chloromycetin was administered
over a period of 10 days. The highest titer attained for
B. abortus was 1/1280. Exactly 30 days after discharge
from the hospital or 31 days after the last dose of anti-
biotic a low grade evening fever of about 99.4° F. was
noted. These rises in temperature gradually increased to
104° F. when diaphoresis, muscle pains and gastro-
intestinal disturbances were experienced. Chloromycetin
treatment, utilizing the prior schedule, was reinstituted,
and the temperature returned to normal two days later.
Blood taken during this febrile relapse did not reveal
Brucellae. Judging from the rapid response after treat-
ment with Chloromycetin, the causative organism had not
gained resistance to the antibiotic.

DISCUSSION

In employing the chorioallantoic membrane of
the chick, Goodpasture (10) demonstrated that
Brucellae, similar to the rickettsiae, are obligate
intercellular parasites which multiply within the
cytoplasm of ectodermal cells. The highly specific
effect demonstrated by Chloromycetin in rickett-
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FIG. 6. (CASE No. 7.) COURSEOF ILLNESS IN A PATIENT (MALE, AGE 24, 170
LBS.) WITH BRUCELLOSIS OF ABORTUSTYPE

Patient had a relapse 30 days after discontinuing Chloromycetin. Febrile re-
sponse to retreatment immediate.
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sial diseases (6, 11-13) is further evidence to sug-
gest that this antibiotic might be expected to exert
beneficial effect in brucellosis.

Spink and his collaborators (14) utilized the
fertilized egg to demonstrate that a combination
of streptomycin and sulfadiazine was sufficient to
eradicate Brucellae from the tissues of infected
embryos whereas they found that either drug used
alone was incapable of achieving this effect. The
clinical use of these combined agents in patients
with brucellosis yielded more satisfactory results
than had any prior treatment. In a series of
treated cases these investigators (15) state that in
the febrile patient normal temperatures were not
sustained until the seventh to 10th days of treat-
ment. Relapses with this form of treatment have
been observed by others, and in our series of nine
patients three had received treatment at an earlier
date with the streptomycin and sulfadiazine re-
gime, and were in active relapse with positive
blood cultures when placed under therapy with
the new antibiotic.

Detailed accounts of the successful treatment of
brucellosis with aureomycin have been reported
(16-18). In 24 patients with the more severe
B. melitensis infection, Spink and his associates
observed prompt reduction in toxemia and return
of temperature to normal in 72 hours. Three re-
lapses were encountered in this series up to the
time of writing. In five patients with brucellosis,
two proven to be abortus in type by blood cultures,
we observed similar clinical improvement after
aureomycin treatment (19). The temperature re-
turned to normal in three days.

With Chloromycetin treatment in nine cases of
active brucellosis we have observed abatement of
symptoms within a short period and return of
temperature to normal in three days after insti-
tuting treatment (Table I). One relapse occurred
30 days after discontinuing Chloromycetin. The
response to retreatment was prompt. Only one
patient with the more virulent melitensis type of
brucellosis has been treated with this antibiotic.
This patient responded favorably with return of
temperature to normal in five days. It thus ap-
pears that both Chloromycetin and aureomycin
exert similar favorable effect in amelioration of the
symptoms of this disease, and it is not possible to
affirm from the still limited accumulated evidence

which antibiotic is more effective. Long term ob-
servation of a large series of patients, varied treat-
ment schedules and observations for possible toxic
effects will need study before proper evaluation of
these agents can be determined in a disease so vari-
able in its clinical manifestations. Undoubtedly,
until the optimum course of treatment is deter-
mined, additional relapses will occur at which time
it will be highly instructive to observe the clinical
effects after reinstituting Chloromycetin and to
compare the drug sensitivity of the organism caus-
ing the relapse with the one isolated during the
initial attack. It is probable that longer courses
of antibiotic treatment may be necessary or per-
haps periodic courses of antibiotic until a sufficient
degree of immunity has developed.

CONCLUSIONS

Chloromycetin has been found to exert specific
beneficial effect in nine patients with active bru-
cella infection.

Further clinical testing will be necessary to de-
termine the optimum therapeutic regimen.
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