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cells 5,100, and platelets 134,000. No more transfusions had been given. There
was no renal disease, but liver function was impaired. The BSP (bromsulpha-
lein) was 859 and the prothrombin time remained elevated 2 to 5 seconds over the
control, despite parenteral vitamin K therapy. Other medicaments during the
period included procaine penicillin, tetracycline, and propantheline bromide. His
blood was essentially normal when he was transferred one month later to a
psychiatric institution for custodial care.

Case j.—A 48-year-old mildly diabetic Negro male was admitted for therapy
of aseptic necrosis of the right femoral head resulting from a traumatic posterior
dislocation 20 years before. He had cirrhosis of the liver (BSP 33%). Follow-
ing an arthrodesis, he developed wound abscesses and chronic osteomyelitis. He
was treated with procaine penicillin, streptomycin, and novobiocin with only
temporary benefit. Chloramphenicol was given, 2 gm. (29mg/kg.) daily in 3
courses for 36, 69 and 7 days. Ten days later he was placed on 3 gm. (44 mg/kg.)
daily for a total of 76 more days. At the end of this last period he complained of
blurred vision, and the hematocrit reading was found to be 16.5 vol.%. No reticu-
locytes were found in the peripheral blood.: White blood cell count was 7,800
and platelets 192,000. The bone marrow was cellular, but there was a decrease
in red cell precursors, and the primitive rubriblasts contained vacuoles. The
drug therapy was stopped and he was given 300 ml. of packed red cells. The
reticulocyte count reached a peak of 879 9 days after the drug was stopped.
The hematocrit gradually returned to 40 four weeks later. The patient’s visual
disturbance disappeared. He had received iproniazid for 6 months prior to the
episode of marrow depression but no other drugs for 5 months. Six weeks later
he was again given 2 gm. of chloramphenicol daily for 18 days, and his hema-
tocrit reading fell from 42 to 32 vol.9. However, during this period he had
further surgery and a depressant effect of this trauma on erythropoiesis must
be considered.

Case 5—A 24-year-old paraplegic Negro male was admitted by transfer from
another hospital 2 months after an auto accident in which he had suffered a
fracture-dislocation of his neck. During the next 8 months he received 3 courses
of chloramphenicol orally for a troublesome bladder infection. Two grams
(39/kg.) were given daily for 72 days; 2 gm. daily for 16 days; and 4 gm.
(77 mg/kg.) daily for 10 days. He also received sulfasoxazole and tetracycline
for the same purpose. Other drugs included meprobamate, zoxazolamine, diph-
enylhydantoin, phenobarbital, nitrofurantoin, and tripelennamine for varying
periods of time. Ten months after admission, 2 gm. of chloramphenicol were
administered intramuscularly daily. After 21 days the dose was increased to 4
gm. daily orally and this was continued for an additional 19 days. At the end
of this period the hematocrit reading was 21 vol.%, reticulocytes were 0.0%
and the platelet count was 18,000. The white blood cells appeared normal on a
peripheral smear, although the laboratory reported a count of 4,150. The bone
marrow aspirate was cellular, but there were very few red blood cell precursors,
and the primitive rubriblasts contained vacuoles. Megakaryocytes appeared
adequate despite the thrombopenia. He was given 1,500 ml. of whole blood, and
chloramphenicol therapy was stopped. Five days later reticulosytes were 0.19,
but 11 days after administration of the last chloramphenicol they had risen to
0.5%, and to 1.89% after 7 more days. The urinary tract infection was controlled
with streptomycin, sulfasoxazole, and later vancomycin and tetracycline. Nitro-
furantoin and methenamine mandelate (Mandelamine) were also given. Fourteen
months after the acute episode of marrow suppression, chloramphenicol was
again administered in several 6-10 day courses of 2 gm. daily. For this period
very little laboratory data are available.- However, during the last such course,
the hematocrit reading fell from 85.5 to 27 vol.%, then spontaneously rose to
41.5 two months after the last dose of the drug. Despite the frequent urinary
tract infections, his blood-urea-nitrogen level remained normal. Liver function as
measured by the BSP, prothrombin time, and serum albumin and globulin was
also normal.

Case 6.—A. 38-year-old chronic alcoholic Negro female was admitted because
of abdominal pain, nausea, and vomiting. She had tuberculosis, and had had a
thoracoplasty in 1950. She had received no chemotherapy for 5 months, and there
was no evidence for activity of the tuberculosis at ‘this time. Chloramphenicol
was given prophylactically for presumtive pancreatitis, 3 gm. (90 mg/kg.) daily
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for 5 days intramuscularly and then 2 gm. (60 mg/kg.) daily for 6 more days.
The hematocrit reading had been 36 vol.9, shortly after admission but was found
to be 14.5 vol.9% after the course of chloramphenicol. The platelet count was
22,000. Reticulocytes were not determined then, but 6 days later they were 0.8%.
Bone marrow aspiration was cellular, but there was almost complete lack of red
blood cell elements. The number of megakaryocytes was reduced. Granulocytes
appeared normal in_the peripheral blood smear and in the bone marrow. Primi-
tive rubriblasts contained numerous vacuoles. She was given 600 ml. of sedi-
mented red blood cells and 500 ml. of whole blood. Nine days after the chloram-
phenicol was discontinued, reticulocytes were 4.1%. Three weeks after cessation
of therapy, the marrow contained adequate red cell precursors but maturation
was atypical. Two weeks later it was frankly megaloblastic. After 6 days of
treatment with approximately 1.25 mg. of folic acid daily (34 of a § mg. tablet),
the number of reticulocytes had risen from 0.6% to 6.6%. The hematocrit read-
ing rose from 30 to 39 vol.% in 3 weeks. Later, a Schilling test was normal.

Case 7.—A 17-year-old Negro female with presumptive sickle cell anemia (com-
plete genetic data are not available), was treated with chloramphenicol for
osteomyelitis of the proximal tibia, receiving 1.5 gm. (29 mg/kg.) daily intra-
muscularly for one day, 2 gm. (38 mg/kg.) daily orally for one day and 3 gm.
(58 mg/kg.) daily orally for 17 days. At the end of this time, the hematocrit read-
ing had dropped from 81 to 16.5 vol.% and reticulocytes from 3.8% to 0.5%. The
bone marrow aspirate contained decreased numbers of erythroid cells and a few
of the primitive rubriblasts contained vacuoles (Fig. 1b). Recovery from the
aplastic crisis was prompt after cessation of chloramphenicol therapy. Whereas
aplastic crises unrelated to this drug are seen in patients with sickle cell anemia,
both the time relationship and the presence of abnormal primitive red blood cells
strongly suggest that the drug was responsible.

Case 8.—A 3-year-old, 42 1b. (19.1 kg.) Negro female was admitted because
of a fever of unknown origin. Eight days later she was given chloramphenicol,
0.8 gm. (42 mg/kg.) daily for 2 days, followed by 2 gm. (105 mg/kg.) daily for
13 days because of an initial but later untenable diagnosis of typhoid fever. The
hematocrit reading fell from 32 to 25 vol.%. Five days after the drug was stopped,
the reticulocytes were 0.09%. On the next day, the marrow contained increased
erythroid activity and there were no vacuoles in the rubriblasts. Nineteen days
after therapy was stopped, the hematocrit value had spontaneously risen to 36
vol.% and reticulocytes were 2.2%. Other than a few days of tetracycline soon
after admission, she received no other drugs.

Case 9.—A 50-year-old Negro female was found to have apathetic thyrotox-
icosis and was treated with methimazole. She also received 2 gm. (43 mg/kg.)
daily of chloramphenicol for 11 days. The hematocrit reading fell from 34 to
27 vol.9% during this therapy and the reticulocyte count from 4.89% to 1.0%.
‘White cells and platelets were normal. The marrow aspirate contained some
reduction in red cell precursors and the rubriblasts were vacuolated (Fig. 1¢).
Methimazole therapy was not discontinued. Four days after the last chloram-
phenicol, the marrow was slightly more cellular and there were more erythroid
elements. No vacuoles were seen. The reticulocyte count had risen to 3.2%. Seven
days later the hematocrit value had returned to the prechloramphenicol level of
34 vol.%.

Case 10.—A. 25-year-old Negro male was admitted following a 2-week debilitat-
ing illness due to typhoid fever. The bone marrow was cellular ; granulocytes were
increased but red cell precursors were normal. The patient was treated with
3 gm. (44 mg/kg.) of chloramphenicol daily for 3 days followed by 4 gm. (60
mg/kg.) daily for 10 days, and then 2 gm. (29 mg/kg.) daily for two days. On
the day following reduction in dosage from 4 to 2 gm. daily, the reticulocytes
were 0.1% and the bone marrow contained reduced numbers of erythroid cells.
The rubriblasts contained vacuoles. Three days after cessation of therapy, the
reticulocytes were 0.29,. The next day they were 1.0%, and 6 days after ad-
ministration of chloramphenicol was stopped they were 5.2%. The hematocrit
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reading, low on admission, rose to 32 vol.%, first with transfusion and then
as the patient’s typhoid improved. It fell again to 27 vol.% as marrow suppression
intervened. Twenty-three days after chloramphenicol therapy was stopped, it
had spontaneously climbed to 41 vol.%. He received no other drugs. There was
no evidence for functional impairment of kidneys but his BSP was 14%.

Fig. 2.—Serial marrow studies in chloramphenicol toxicity
—Case 11 severe liver cirrhosis: a, prior to therapy; b, day
after cessation of therapy; c, 6 days after last dose of drug.
Case 12 severe liver cirrhosis: d, before chloramphenicol;
e, after 9 days of therapy; f, 4 days after last administration
of chloramphenicol.
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Fig. 3.—Course of marrow depression with chlorampheni-
col and recovery in 35-year-old Negress with severe alcoholic
cirrhosis (Case 11).
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Case 11.—A 35-year-old chronic alcoholic Negro female (R.L.K.) was admitted
with severe decompensated cirrhosis. She had ascites and a mental picture resem-
bling “pre-coma.” Five days after admission she was given chloramphenicol
2 gm. (44 mg/kg.) daily by mouth. Photomicrographs of the serial bone marrow
aspirates are shown in figures 2a-c. She received no other medicaments during
this period. Her course is depicted in Figure 3. There was no evidence for depres-
sion of white blood cells or platelets. When her previous record was reviewed,
it was found that 3 years previously she had received 1.5 gm. (33 mg/kg.) of
chloramphenicol daily for 6 days and the hematocrit reading had dropped from
38 to 30 vol.%. Again, 2 years later, she was admitted with severe cirrhosis and
was given 2 gm. chloramphenicol daily for 17 days. The number of reticulocytes
dropped from 8.4 to 0.1% three days prior to the cessation of therapy because of
diarrhea. They were 5.2% 18 days after the last dose of the drug. The fall in
hematoerit value from 33 to 25 vol.% with a need for blood transfusion was un-
mistakably associated with chloramphenicol, although it was not so recognized
at the fime. No change in white blood cell count was noted. Platelet counts and
bone marrow studies were not done.

G.H. SEVERE
CIRRHOSIS
CHLORANPHENICOL
gm.
Het.  Retic. €
40
—~——— Het.
so04f12
o —‘\/\"\/‘\/\
204t 8
-6 Retic.
o4k a
-2

T T T

T
(o] 5 10 15 20 25 30 35 DAYS

Fig. 4.—Course of marrow depression with chlorampheni-
col and recovery in 38-vear-old Negrc male with severe
alcoholic cirrhosis (Case 12).
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Case 12.—A 38-year-old Negro male was admitted with decompensated cir-
rhosis, ascites, and ‘“pre-coma.” He was given chloramphenicol succinate in-
tramuscularly, 2 gm. (34 mg/kg.) daily for 10 days. His course is shown in Fig-
ure 4, and serial bone marrow aspirates are illustrated in figures 2d-f. He also
received menadione, tetracycline, and methenamine mandelate during the period
of study.

Case 13.—A 60-year-old Negro male was admitted because of generahzed
arteriosclerosis. He had moderate liver disease, with a BSP of 16%. He was given
2 gm. (34 mg/kg.) of chloramphenicol daily for 10 days. After 4 days, a tracer
dose of Fe® was given intravenously and 14 days later, only 54% had appeared
in the red blood cells. Serial bone marrow aspirations were performed and at
the end of chloramphenicol therapy, there was a reduction in red cell prescursors
and the primitive rubriblasts contained vacuoles (Fig. 1d). Four days after
therapy was stopped, there was slight erythroid hyperplasia and marrow
morphology was normal. During therapy the hematocrit reading fell only 2
points but reticulocytes were 0.1% on the day chloramphenicol was stopped and
rose to 2.4% five days later.

Case 1}.—A 54-year-old Negro female was hospltallzed for anemia and uremia
due to chronic glomerulonephritis. She was given chloramphenicol 3 gm. (48
mg/kg.) daily for 28 days. Prior to therapy, the reticulocyte count was 3.6%
and after 11 days of therapy it was 0.3%. There was no leukocyte depression and
no clinical evidence of thrombocytopenia. Bone marrow aspirates prior to therapy
showed moderate erythroid hyperplasia. None was obtained later. One day after
chloramphenicol therapy was stopped, she died. No postmortem marrow specimens
are available. ‘

Case 15.—A 45-year-old Negro female was admitted with pulmonary tubercu-
losis. During her first 3 weeks in the hospital, she was treated with isoniazid,
para-aminosalicylic acid, and prednisolone. The findings in a bone marrow aspi-
rate were consistent W1th an acute and chronic infectious process. The hematocrit
value remained at 25 vol.9%. At the end of this period she was given a 2-week
course of chloramphenicol 2 gm. (44 mg/kg.) daily because of a superimposed
pneumonia. The hematocrit reading rose to 30, then fell to 28 vol.%. The day after
this drug was discontinued reticulocytes, which had been about 1.09 on several
occasions, dropped to 0.09%. Four days later they were but 0.19%. Six days
after the last chloramphenicol administration they had risen to 1.29% and the
bone marrow showed moderate erythropoietic activity. The next day reticulocytes
were 4.0%. The hematocrit value had returned to pre-treatment levels by the
16th day. Isoniazid was not discontinued. No other drugs but procaine penicillin
were given during the period of chloramphenicol therapy. .

RESULTS

The clinical features of these patients are summarized in the table. There were
8 females and 7 males, ranging in age from 3 to 68 years. All were Negro, reflect-
ing the preponderant patient population of the hospital. Results of hemoglobin
electrophoresis were available in 13. Of these, 10 had normal hemoglobin ; one had
sickle cell trait ; one had hemoglobin C trait ; and one had sickle cell anemia.
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All patients had evidence for'depression of erythropoiesis coincident with
chloramphenicol therapy, in which depression was not judged to be the result
of their underlying disease. In one patient (Case 6) a rapidly developing anemia
(hematocrit reading 14.5 vol. %) heralded marrow depression. In all patients
the reticulocyte counts during toxicity were low, usually below 0.5%. In all 12
available bone marrow aspirations obtained within 48 hours of the last dose of
chloramphenicol, there was striking vacuolization of primitive rubriblasts (Fig.
1). Marrows obtained 4 days or longer after cessation of drug therapy did not
show these changes. In one instance, vacuolization was observed as early as 6
days after the institution of chloramphenicol therapy. Four days later, another
bone marrow smear from ‘this patient showed progression of these changes. No
similar abnormalities were observed in control studies of the marrow done after
three or more weeks of chloramphenicol therapy in 2 patients who did not de-
velop anemia. Serial marrow observations that were made in 2 patients are illus-
trated in Figure 2. The course of the erythropoietic depression in these 2 indi-
viduals is shown in Figures 3 and 4.

Thrombocytopenia was seen in 4 and leukopenia in one of the patients of this
series. Reversal of marrow hypoplasia followed withdrawal of chloramphenicol
in the 14 patients who survived more than a few days after the drug was stopped.
The rapid marrow recovery which followed cessation of chloramphenicol treat-
ment was usually accompanied by evidence for marrow hyperplasia, such as
reticulocytosis and sometimes thrombocytosis and leukocytosis. One patient
(Case 1) died of other causes before recovery was complete and another (Case
14) died of unrelated medical causes the day after chloramphenicol was
discontinued.

Ten of the patients had mild to severe preexisting liver disease. Three of the
four patients selected for serial marrow aspiration had severe alcoholic cirrhosis
with hepatomegaly. Although it is known that chloramphenicol is detoxified by
conjugation with glucuronic acid in the liver,® and that patients with seriously
damaged livers may achieve quite high serum levels of free chloramphenicol
when treated with 2 gm. a day,” we could come to no conclusions regarding the
role of these factors in this group of patients.

Four patients in this group had received previous chloramphenicol therapy.
Ten received the drug for longer than 2 weeks. In one patient, marrow depres-
sion became evident after 71 days of treatment and in another after 40 days. In
8 the drug was given for 2 to 4 weeks. In 5 patients chloramphenicol was admin-
istered for less than 2 weeks. Two adult patients received 4 gm. daily (60-77
mg/kg. per day) and four more were given 3 gm. daily (44-90 mg/kg. per day)
for a part of the course of therapy which preceded the development of toxicity.
The one child in this series received a rather high dose of 2 gm. daily (105 mg/
kg. per day). Although 8 patients received no more than 2 gm. daily, every
patient in this entire series either received more than 40 mg/kg. per day, or
had liver disease. )

COMMENT

From the above data, it appears that suppression of erythropoiesis is the
most frequent toxic effect of chloramphenicol on the bone marrow. In this series
measurable depression of thrombopoiesis and leukopoiesis coincident with treat-
ment with this antibiotic was less common. The frequency with which depression
of red cell production by chloramphenicol has been found when sought® ® *
strongly suggests that some degree of marrow depression is a common conse-
quence of treatment with this drug. Since the red cell life span is 120 days and
the average course of chloramphenicol therapy is 5 to 10 days, brief mild
erythropoietic depression easily may be overlooked. In this study the reticulo-
cyte count was found to be the most readily available tool for measuring the
effect of chloramphenicol on erythropoiesis. In 12 of the 15 patients that form
the substance of this report, the reticulocyte count during drug toxicity was
0.5% or lower. In 2 others, the values represented a significant fall from previous
levels. In the remaining case, reticulocyte counts were not done at the height of
toxicity.

The bone marrow morphologic changes of chloramphenicol toxicity including
reduction in red cell precursors with vacuolization of primitive rubriblasts have
been reported by others.> * * It is likely that vacuolization is a nonspecific change
which may result from other causes as well. When these changes are found in
a patient who is taking chloramphenicol, until proved otherwise they are indica-
tive of marrow depression by this drug.
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The present studies suggest the following modus operandi for chloramphenicol
therapy: (1) for trivial infections avoid the use of the drug altogether; the
risk of chloramphenicol treatment may be greater than that of the disease itself;
(2) obtain serial reticulocyte counts on all patients receiving chloramphenicol;
and (3) if the reticulocyte counte drops abruptly or falls below 0.5%, obtain a
bone marrow aspirate for study. Stop therapy with the drug if vacuoles are
seen in the primitive rubriblasts or if there is a marked reduction in the erythro-
poietic activity of the marrow. Although in this series leukopenia and throm-
bopenia were always accompanied by erythropoietic abnormalities, the possibility
of selective depression of these elements can not yet be completely discarded.

At the present time lack of knowledge regarding the mechanism of toxicity
makes it difficult to predict which patients will develop irreversible marrow
depression as a result of chloramphenicol treatment. On the one hand, the
morphologic changes in the marrow and their frequency along with evidence
of dose-dependency in some patients suggests a direct chemical effect * On
the other hand reports of bone marrow hypoplasia after token doses of chloram-
phenicol are compatible with a hypersensitivity phenomenon.® Both direct toxic
poisons and hypersensitivity reactions® may cause vacuolization of cells. The
fact that in vitro studies done outside the humoral environment within the
host have failed to demonstrate metabolic abnormalities induced by therapeutic
levels of the drug'® ™ is consistent with but does not prove a hypersensitivity
mechanism for toxicity. The sensitivity of erythropoiesis to chloramphenicol
noted in this study may be a result of the more ready diffusion of free chloram-
phenicol into red cell precursors than into the other cells of the marrow.“
Despite common belief, the toxicity is probably not related to the nitrobenzenée
ring of chloramphenicol, since an analogue without this structure proved to be
considerably more toxic.”

This and other studies indicate that most patients developing chloramphenicol
toxicity seem to pass through 2 phases of marrow depression, an initial reversible
period of variable duration followed by an often serious period of damage which
does not remit until the drug is stopped and may not remit, no matter what is
done. Early in the reversible stage rapid recovery follows cessation of treat-
ment. Later in the reversible stage, cessation of therapy is followed by a slower
return of the marrow to normal. These same principles which apply to the
erythropoietic system also apply to depession of thrombopoiesis and leukopoiesis
by chloramphenicol. In a few patients, the reversible stage may be quite short.
This may be because of prior therapy, high doses, or of hypersensitivity. One
or all of these factors may be enhanced by high drug levels caused by high
doses or abnormalities in drug metabolism as in liver disease. Our present state
of knowledge does not permit more than a speculative explanation for the under-
lying mechanism for the toxic effects of chloramphenicol reported in this study.

SUMMARY AND CONCLUSIONS

Fifteen patients with bone marrow depression associated with chloramphenicol
treatment are presented. Erythropoiesis was most often affected, followed in
order by suppression of thrombopoiesis and leukopoiesis. Monitoring erythro-
poiesis by serial reticulocyte counts during chloramphenicol therapy has been
found to be of value in detecting early evidence of drug toxicity.
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[From the Journal of the American Medical Association, Dec. 3, 1960, pp. 1853-1854]
CHLORAMPHENICOL—A NEW WARNING

In one month recently, I saw 4 new cases of aplastic anemia. Although they
ranged in age from 3 to 63, and came from different sections of the country,
they had one common denominator: chloramphenicol had been used in the recent
past for minor respiratory infections. There was no history of the use of other
antibioties or potentially toxic drugs and since the anemia and the other mani-
festions appeared a few months after the last administration of chloramphenicol,
it seemed clear that this drug was responsible for the marrow aplasia.

In our recently studied series of aplastic anemia (seen within the past 3
years) 8 of 30 had received significant amounts of chloromycetin, almost invari-
ably for minor infections. Of the most recent 10 cases of aplastic anemia, 5
had followed therapy with chloramphenicol. The tragic thing about all these
seriously ill cases, most of whom died, is that the drug need never have been
given.

It is becoming increasingly clear that chloramphenicol, an excellent broad-
spectrum antibiotic, has antimetabolic effects as well—that is, it may injure
the intrinsic “machinery” of certain rapidly proliferating cells, notably of the
bone marrow. Thus, Rubin and associates, using radioactive techniques,
demonstrated a depressant effect of chloramphenicol on erythropoiesis; this
occurred in 5 of 15 subjects receiving ordinary doses and in all of 4 cases with
cancer who were glven unusually large doses of the drug. In another study by
Saidi and Wallerstein 2 10 of 22 cases treated with chloramphenicol for various
infections developed striking vacuolization of nucleated red cells in the bone
marrow, associated with a maturation arrest phenomenon and marked reduction
in blood reticulocytes. The possibility is present that these temporary changes
could go on to complete or partially complete destruction of the bone marrow
providing (a) that sufficient drug was used or (b) the patient became sensitized
in some manner and was given a second course of drug therapy at another
time. It is thus conceivable that both an immediate or direct effect as well as
an indirect or hypersensitivity mechanism may be respons1ble for the marrow
reactions seen.

Following the introduction of chloramphenicol m 1948 and the reports of
the first cases of aplastic anemia between 1950 and 1952, many editorials and
reports of special ad hoc meetings appeared. Evidently the medical profession
was profoundly influenced; in any event, the sales of chloromycetin declined
sharply, reaching their lowest level in 1954. This lull was short-lived. By 1958,

1Rubin, D.; Weisberger, A. S.; Botti, R. E.; and Storaasli, J. F.: Changes in Iron
Metabolism in’ Early Chloramphenicol Toxicity, J Clin Invest 37: 1286—1292 (Sept.) 1958.
P ”b%a%ﬂdP and Wallerstein, R. O.: Effect of Chloramphenicol on Erythropoiesis. To Be
ublishe

81-280 0—68—pt. 6——39
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there was a five-fold increase in the sales of the. drug and by 1960, enough
chloramphenicol was being distributed, and presumably used, in the United
States to supply 3,732,416 persons with 10 Gm. courses of the drug! (These
data were supplied through the kind cooperation of Dr. Harry Carnes, Parke
Davis & Co., Detroit, Mich.)

To those of us who see cases of aplastic anemia following the use of various
possible etiologic agents, chloramphenicol stands out as the most important
single historical factor. To be sure, evaluation of histories and even of statistics
relating to both the incidence of aplastic anemia and of chloramphenicol as an
etiologic agent is difficult. Nevertheless the importance of the chloramphenicol-
aplastic anemia relationship persists, and one must naturally be concerned with
the possibility that an increased incidence in aplastic anemia may result as use
of the drug increases so rapidly. Is the pharmaceutical house which introduced
and popularized the use of chloramphenicol to be taken to task? This seems
unfair for there can be no question that this respected company has gone to
every effort to ferret out statistics of case reports, to carry out experimental
work in various animals and even to note the effects of marrow transplantation in
chemically induced aplastic anemia of monkeys.

Is it the physician, then, who is largely responsible? In a way he is, for
without his prescription, the drug would not be administered. Certainly, if he
regards chloramphenicol lightly, to be dispensed like aspirin, for every minor
cold and respiratory infection, he is not without blame. But are there certain
mitigating factors? Some say that a person ill is a person to be treated ! The urge
to make a person comfortable and to cure his illness as quickly as possible is an
urge each of us has. It follows then that a good antibiotic of the broad spectrum
variety and which can be readily administered is something to be used at every
opportunity. This is part of the mores in this affluent society of ours. We have
potent medicines; the patient is ill; we must treat! The days of simple herb
medicines and of simple galenicals have long since passed. More often than not,
the newer synthetics, most of them composed of molecules with benzene rings
and nitrogen, NH, NH:, or NO: groupings—are used, and all of them, it should
be said, are potentially harmful.

‘What then can be done? A few suggestions may be offered: (1) Physicians
must be warned, and in no uncertain terms by means of articles, editorials,
meetings, announcements; not once, but repeatedly that chloramphenicol is
not only a potent antibiotic but apparently an antimetabolite as well, having
effects not only on bacteria but on the bene marrow. (2) By some means, whether
by regulation or by self-discipline, promiscuous use of the drug should be
avoided and its use restricted to impelling circumstances, i.e., for conditions in
which no other antibiotic is currently effective. One realizes that this is more
easily said than done, knowing the physician’s individualistic nature. (3) The
patient and the patient’s family must be warned, either by the physician or by
the druggist that this is a powerful drug; that it should be used only once;
that its repeated use may result in serious blood reactions; that it should not be
kept in the bathroom cabinet and used again if an apparently similar disorder
supervenes. (4) The manufacturing drug house should instruct its detail men,
our ubiquitous mentors, not to minimize the dangers of the drug, and to empha-
size its value for certain specific conditions, and not for the whole gamut of
infectious diseases. The journal advertising could be made more forceful regard-
ing the necessity for guarding against use of the drug indiscriminately, and
especially in minor infections, or in repeated courses; or off the bathroom closet
shelf. :

It might be wise for the patient or his family to have some knowledge of what
antibiotic is being used in a given case. Perhaps we physicians might also
consider, at least for many of the acute, self-limited infections, the more con-
servative course (radical by present-day standards) of giving no potent medica-
tions at all, but rather such symptomatic care as aspirin, fluids, and the like.
After all, the body defenses are usually capable of handling most acute upper
respiratory infections.

" In any even, something must be done to reduce the incidence of grave insult
to the bone marrow produced by some of the antibiotics. The practicing physician
would do well to think twice before prescribing a potent antibiotic and to ask
himself “Is this drug really necessary?”’

‘WiLLiaM DAMESHER, M.D., Boston, Mass.
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[From'the Journal of the American Medical Association, June 28, 1952, p. 840]
Broop DYSCRASIA FOLLOWING THﬁ UsE oF CHLORAMPHENICOL

Chloramphenicol (chloromycetin®) has been accepted by the Council on
Pharmacy and Chemistry for inclusion in New and Nonofficial Remedies. Its
“antibiotic properties are well known, and when the council accepted this prod-
uct there was much evidence to demonstrate its therapeutic value. At the
same time there then was little reason to believe that serious or fatal side-reac-
tions would be demonstrated. Nevertheless, following a study of the chemical
structure of the drug, the Council issued a warning at the time of acceptance
even though there was meager evidence to prove that such a warning was
necessary. Thus, on page 116 of New and Nonofficial Remedies, 1951, there appears
the following statement :

“Changes in the peripheral blood or the blood-forming organs have been re-
ported only during the use of chloramphenicol. Mild hemolytic anemias, granu-
locytopenia (no cases of agranulocytosis so far) and an arrest the maturation
of the formed elements in the marrow have been described.”

Recently there have been additional reports of the effects of chloramphenicol on
the blood and bone marrow. At least two types of reaction have been encountered.
In one there is a transient depression of the formed elements of the blood, involv-
ing red cells, white cells, and platelets during therapy with the drug. This type
of reaction has been very uncommon, and in the experience of one group well
versed in the field of antibiotic therapy it has seemed to occur in patients who
were receiving very large doses of the drug or in patients who had renal in-
sufficiency. The blood of these patients returned to normal, or at least showed
pretreatment values, as soon as therapy with the drug was stopped, and no per-
manent deleterious effect was observed.

A second and more serious type of reaction that has been encountered is pro-
duction of a true aplastic anemia. In the experience of one group, this anemia
has occured in patients who have previously received one or more courses of chlor-
amphenicol without untoward effect. When the drug was subsequently adminis-
tered, even in small doses, a severe blood abnormality has appeared. Even deaths
have been reported. Whether chloramphenicol continues to remain as one of
the more useful antibiotics or whether it will be relegated to a place where its
use will be confined to the treatment of patients with typhoid or serious infections
for which no other therapy is available, remains to be seen. Further observa-
tions are in order. In the meantime, physicians should be on the alert for re-
actions following therapy with this and any other antibiotic, or in fact any
of the newer drugs. .

New therapeutic agents, which are being introduced with ever increasing rapid-
ity, are characterized not infrequently by their beneficial or life-saving qualities
but also by their ability to cause injury or serious side-effects. A calculated risk
is involved whenever one prescribes any medication. The physician is confronted
constantly with the difficult task of determining whether the use of a given drug
is likely to do more good for a particular patient than any possible harm. In
spite of the bast amount of laboratory and clinical study that a new drug usually
undergoes before it is placed on the market, subtle or insidious toxic effects.
often of a serious nature, frequently are not recognized and brought to the at-
tention of the medical profession in general until after the drug has been on
the market for some time and has enjoyed widespread clinical use. A propensity
to cause injury to the hematopoietic system is particularly likely not to be
generally appreciated until a new drug has undergone extensive use for a consid-
erable period of time. Physicians who observe hitherto unreported toxic effects
or injuries attributable to a recently introduced therapeutic agent have the
obligation or duty of bringing this information to the attention of the entire
profession. If a physician does not have the time or inclination to prepare case
reports of drug injuries for publication in a medical journal, he can perform a
useful service by advising the office of the Council on Pharmacy and Chemistry of
the pertinent facts in such instances. By this means the Council will be provided
with necessary information that may serve as the basis for an early authoritative
report or warning statement.






Appendix II, Additional FDA Submissions

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
FOOD AND DRUG ADMINISTRATION
WASHINGTON, D.C. 20204

May 7, 1968

Dear Doctor:

Scrious and often fatal blood dyscrasias are known to occur following the
administration of chloramphenicol. Prominent warning to this effect has been. -
part of the approved labeling for this «lrug since 1952, and this information
ha., been disseminated in the medical and lay press, .including editorials in

the Journal of the American. Medical Association. . -
Because the amount of chloramphenicol distributed exceeds that to be expected
if the drug were prescribed only for its valid indications, the Food. ‘and Drug
Administration believes that chloramphenicol is often prescribed for conditions
for which it is not indicated, including trivial conditions such as acne, the
common cold, and simple infections. Fatal reactions have been associated with
use in these conditions. ! :

To enlist your aid in ending the over-prescribing of this drug, the Food and
Drug Admm:.str-at:.on asks that you. carefully study the follow.mg "box_warnmg

WARNING

Serious and fatal blood dyseruslas :
1 f

anemia, hyp ne-
mia, ﬂ-rombncy'opemu. “and 9ram|-
locytopenia)l are known to occur
after the administration of chloram-
phenicol. In addition, there have
been reports ef uplas’ic cm.-nnc

" tions of the throat; or as a prophy-
lactic agent to _prevent bacterial *

infections.

Precautions: It is essential that ade-
quate blood studics be made during

attributed to chlor I which

Iater terminated in-lcukemia. Blood .

dyscrasias have occurred ofter both
short term ond prolonged ﬂlerapy
with this drug. Chlor

treat t with the drug. While
blood studics may - detect carly
peripheral blood changes, such as
leukopenia, rchculocyiopcniu \Lor

must not be used when less poten.
tially dongerous agents will be
cffective, as described in the “Indi-
cations” section. It must not be
used in the treatment of trivial
Intections or where it Is not indi-
cated, as in colds, influenza, infec-

before they

.gr
come lrreversnlzlc. such studics can-

not be reclicd” on to dctect bone
marrow depression prior to develop-

" ment of aplastic ancmia, To facili-
. tate oppropriate studies and obser-

vation during therapy, it is desirable
that patients be hospitalized.
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To clarify further the status of this drug in the therapy of infectious disease,
the indications 'for use have been stated in the recently revised labeling as
follows:

INDICATIONS: IN ACCORD WITH | AGUTE INFECTIONS CAUSED BY

BOS ARD THIS INDICATIONS SEG. SUSCEPTIBLE STRAINS OF SAL-
TION, CHLORAMPHENICOL MUST | Cilo e L.
BE USED ONLY IN THOSE SERIOUS . hloramphenicol is a drug of choice.
INFECTIONS FOR \WHICH LESS It is not recommended for the routine
POTENTIALLY DANGEROUS DRUGS lrc'\tmcnt of the typhoid “carricr

HE MHE ST

IND ED. 5 M- o ! .
PIENICOL MAY BE CHOSEN TO 2 ;l\‘mgus INFECTIONS CAUSED
INITIATE ~ ANTIBIOTIC THERAPY Atcon BLE STRAINS IN
ON THE CLINICAL IMPRESSION CORDANCE WITH 111E CON-
THAT ONE_OF THE CONDITIONS CEPTS EXPRESSED ABOVL:
BELOW 1S BELIE\'ED TO BE PRES- a. Salmonella specices

ENT; IN VITRO SENSITIVITY TESTS L. H. in{lucn-nc specifically men-
STIOULD BE PERFORM ED CONCU - ingeal infections

RENTLY SO THAT THE DRUG MAY . _Rickettsia

. Lymplwgr'\nulom1-puthcosns
group

.. Various iz)'zm-ncg'mve bacteria
- . causing 1Ltercrnfn, meningitis}
i or_other - scrious gnm-negnhvc

BE DISCONTINUED AS SOON AS .
. POSSIBLE IF LESS PO'I'ENTIALLY
: DANGEROUS AGENTS "'ARE |

. STS. THD

[=Nel

infections
- 77: £ Other suscepiible organism:
WHEN BOTH ARE SUGGESTED BY which have been demonstrated
IN VITRO STUDIES TO BE EFFEC- -to be resistant to’ all other a
TIVE AGA]\ST A sm;cmc PATHO. propriate anti-microbial agen
GEN SH BASED UPON - o

SEVERTTY O THE LNF%C‘AT'I{EOIBI
g%i?%ﬂg%&?}ng%s&,fﬂMmo: 5. CYSTIC FIBROSIS REGIMENS ~
IAL _DRUGS, EFFICACY OF THE

VARlOUS DRUG > N THE legi:)(;- . °In the treatment of Iy‘pho:d lgver some
TION, AND THE IMP RTANT - B
TIONAL CONCEPTS CONTAINED IN :ol be admmlsteredhat thcrap:uhc levels
THE “WARNING BOX” ABOVE: - eile et e Ry ot reraore

The revised labeling suggests that patients being treated with chloramphenico f
be hospitalized where indicated to facilitate observation during therapy. :It.;
also includes cautionary information regarding use in pregnancy and lactationy”

and the listing of leukemia as an additional adverse reaction. An estlmate of

the incidence of fatal aplastic anmemia is included based on a report to the ;
California State Assembly and Senate by the California Medical Assocxatlon

State Department of Public’ Health January 1, 1967. .
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The revision of the labeling of ‘chloramphenicol was approved by .a special.com=.
mittee of experts in hematology, infectious-diseases and othe# medical flelds

convened by- the Food and Drug Administration om Eebruarj 26, 1968.° A copy of "
the ‘revised dabellng is enclosed for your attention. T

1o assist us in further evaluation of this problem, the Food and Drug Adnlnls- _f
tration requests that you report to us any -adverse reactions associdted with ¥
the use of chloramphenicol. A facsimile of our Drug Experience Report .(FD 1639)4 7
is reproduced on the reverse side for ypur information. If you wish a oupply, ?;
please write to the Food ‘and Drug Admlnlstratlon Bureau of Med1c1ne, Washzngton

D.C. 2020u

Sincerely yours,

' ) // Jarnes L. ZGod{"é: M (

/ e Comm1531oner of-food and Drugs

‘Enclosure: B
Revised Labeling e
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“.| ‘Precautions: 1t is essential that ade-

~J]_bren reports of cplastic oncmia

COMPETITIVE

PACKUAGE INSERT FOR
-CHLORAMPHENICOL

WARNING

nd fatel bloed dyscrasias
p ancmia, hypoplastic ane-
mia, -thrombocytopenia, and granu.
focytopenia)l are known to occur
eftcr the administration of chloram.
-] -phenicol. In addition, there have

Serious a
taplasti

“atributed to chloramphenicol which
“loter terminated in leukemia. Blood
dyscrasias have occurred after both
short tcrm end prolonged theropy
with this drug. Chloramphenicol
must not be used when less poten.
tiolly dangerous agents will be
cffective, as deseribed In the “Indi-
cations” scction.. J# must not be
used in the® trecotment of itrivial
infcctions or where it Is not indi-
cated, as in colds, Influcniza, infee.
tions of the threat; or as a prophy-
factic agent to prevent bacteriol
infections.

quote blood studics be made during
treatment  with the drug. While
blood' studies may detcet early
peripheral blood changes, such os
leukopenia, reticulocytopenia, or
“granulocytopenia, before they be-
come-irreversible, such studies con.
not be relicd on #o detect bone
" marrow depression prior fo develop-
ment of aplastic enemia, To facili-
tate appropriote studies and obsers
vation during therapy, it is desirable
that patients be hospitalized.

I

DESCRIPTION: Chloramphenicol is an
antibiotic that is clinically useful for,
and should bc reserced for, scrious in-
fections caused by organisms susceptible
to il

antimicrohial “effects when less

hazard th agents
tive or contraindicated. Sensi-
i to determine its
ed  use, v be performed
utly with therapy initiated  on
clinical impression that one of the indi-
cated  conditions exists  (sce  “Indica-
tions” section).

ACTIONS AND PIIARMACOLOGY: In
titro chloramphenicol exerts mainly a
bacteriostatic cffect on a wide range of
gramenegative and  gram-positive bac-
teria. and is active in titro against
rickettsias, the lvmpl )] psitt:

cosis group and’ Vibrio cholerae. 1t is
particularly  active against  Salmonclla
tphi and Hemophilus influenzac, The
made of action is through interference
or inhibition of protein synthesis in intact
cells and in cell-frec ‘systems,
Chl henicol admini 1 orally is
absarbed rapidly * from the intestinal
tract, In controlled studies in adult
volunteers using  the recommended
dosage of 50 mp./kg./day, a dosage of
1 gm. cvery 6 hours for 8 doses was
given. Using the microbiological assay
method, the average peak serum Jovel
was 11.2 meg./ml. onc hour after the
first dosc. A cumulative efiect gave a
ka tisc to 184 meg./ml. after the
g:,h (}nxn af 1 ;ir;m Mecan s‘cmm levels
ANEC meg./ml.
48-hour nerind. Total cgﬁnnr,v

~

excretion

PROBLEMS IN THE DR

of ehloramphenico!  in  these ™ studies
ranged from a low of 68 pereent to s
high of 99 pereent over a tireg-day
period. From 8 to 12 percent of the
antibiotic cxcreted is in the form of
ree chl hienicol; the i con-
sists of microbiologically inactive metah-
olites, principally  the conjugate :vith

UG INDUSTRY 2751

2, SERIOUS 1 CTIONS CAUSED
BY SUSC S STRAINS IN -
ACCORDA |

DANCE, WITH THF,_CON- -
CEPTS EXPRESSED ABOVE: .
a. Salmonclla species

n. in(luen:nc, specifically men-

ingeal infections
Tiakottsi

glucuronic acid. Since the is
exercted vapidly, most chloramphenicol
detected in_ the blood ‘is: in the miero-
bhiologically  active free form. Despite
the small proportion of unchanged drg
excreted in the urine, the concentration
of frec chloramphenicol ! is relatively
high, amountings 10 several hindred
meg./ml._in patients_ receiving * divided
doses of 50 mg./kg./day. Small amounts
of active drug are found: in bile and
cees, Chloramphenicol diffuses rapidly,
bt its  distributi is not uniform.-
Highest concentrations are found in liver
and kidney, and lowest concentrations

c.
d,

Lymphogranuloma-psittacosis
group

Various gram-negative bacteria
causing hacteremia, meningitis,
or other serious gram-negative
infections

Other susceptible organisms
which have been demonstrated
to e tant 1o all other ap-
propriate anti-microbial agents,

e.

3. CYSTIC FIBROSIS REGIMENS
C:ONT'I?/\IA’DIQI‘\'TIOA’S: Chloram-
is 1

are found .in brain and
luid. Chl henicol enters 1

spinal fluid even in the absence of men-
ingeal inflammation, appearing in con-
centrations about half of those found in
the blood. Measurable levels are also
detected in pleural and in ascitic fluids
saliva, milk and in the aqueous and-
vitreots  humors. Transport across the
Flaccntal barrier occurs with somewhat
ower concentration in cord: blood of
newborn infants than in matemal blood.

INDICATIONS: IN ACCORD WITH
THE CONCEPTS IN THE “WARNING
BOX” AND THIS INDICATIONS SEC-|
TION, CHLORAMPHENICOL MUST
BE USED ONLY IN THOSE SERIOUS
INFECTIONS FOR WHICH LESS
POTENTIALLY DANGERQUS DRUGS
ARE INEFFECTIVE OR CONTRA
INDICATED. HOWEVER CHLORAM-
PHENICOL MAY BE CHOSEN TO
INITIATE ANTIBIOTIC THERAPY

ENSITIVITY TESTS
SHOULD BE PERFORMED CONCUR-
RENTLY SO THAT THE DRUG MAY
BE DISCONTINUED AS SOON AS
POSSIBLE IF LESS POTENTIALLY
DANGEROUS AGENTS ARE IN-
\DICATED BY SUCH TESTS. THE
DECISION TO CONTINUE ~USE
OF CHLORAMPHENICOL RATHER
THAN ANOTHER ANTIBIOTIC
WHEN BOTH ARE SUGGESTED BY
IN VITRO STUDIES TO BE EFFEC-
TIVE AGAINST A SPECIFIC PATHO-
GEN SHOULD -BE BASED UPON
SEVERITY OF THE INFECTION,
SUSCEPTIBILITY OF THE PATHO-
GEN TO THE VARIOUS ANTIMICRO-
BIAL DRUGS, EFFICACY OF THE
VARIOUS DRUGS IN THE INFEC-
TION, AND THE IMPORTANT ADDI-
TIONAL CONCEPTS CONTAINED IN
THE “\WARNING BOX" ABOVL:.

1. ACUTE INFECTIONS CAUSED BY
SUSCEPTIBLE STRAINS OF SAL-
MONELLA TYPII
Chloramphenicol is a drug of choice.®
It is-not recommended for the routine
treatment of the typhoid “carrier

state”,

*1n the treatment of {y?‘hgld‘!w'er some
15

col be sdministered at therspeutic levels
for 8-10 days after the patient has become

0 eCO
afebrile 10 lassen the possibility of retapse.

< in individnals
with a history or previous hypersensi-
tivity and/or” toxic reaction to it. K
must not be wused in the trcatment of
trivial infections or where it is not indi- .
cated, as in colds, influcnza, infections
of the throat; or as a prophylactic agent
to precent bacterial infections,

PRECAUTIQNS:

1. Baseline blood studies should be
followed by periodic blood studics .
approximately every two days during
therapy. The. drug -should be dis

. Iconlinucd upon appearance of re(icu
oeyt ) eni
top}énia. anemia, or any other blood >
study findings attributable to chlor-'
" amphenicol. However, “it should be :,
noted that such studics do not ex-
clude the possible later appearance
of the irreversible type of - bone
marrow depression,

Repeated courses of the drug should
be avoided if at all possible, Treat-
ment shounld not be continued longer
than required to produce a cure
with little or no risk of relapse of
the disease. .
Concurrent therapy with other drugs
Ahat may cause bone marrow depres-
sion should be avoided. R

Excessive Dblood levels may  result
from_ administration of the recom-
mended dose to patients with im-
paired liver or kidney function, in-
cluding  that duec to immmature
metabolic processes in the infant. The
dosage should be adijusted accord-
ingly or, preferably, -the blood con-
centration should be' determined at
appropriate intervals,

There are no studics to establish the
safety of this drug in pregnancy. .
. Since chloramphenicol readily crosses -
-the placental Darrier, caution in use
of the drug is particularly impostant
during pregnancy at term or during
Iabor heeanse of potential toxic efleets
on the fetus” (gray syndrome). -
Precaution should be used in therapy
of premature and full-term infants
to avoid “gray syndromc] toxicity.
Sce “Adverse Reactions”) Serum
drug levels should be “carefully fol-
lowed during therapy of -the new-
bom infant. S - :

7.

.
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8. Precaution should be used in therspy
during lactation because of the pos-
sibility of toxic effects on the nursing
infant.

The use of this antibiotlc, as with
other antibiotics, may result in an
overgrowth of nonsusceptible orga-
nisms, including fungi. If infections
caused by ib] i

or

ioed urticaria,and hylaxi:

may occur. Herxheimer reactions have
occurred during therapy for typhoid
fever.

5. "Gray Syndrome"
Toxic reactions including fatalities
have occurred in the premature and
ne\v'b.om;J the signs and symptoms

appear during therapy,
tak

appropriate
measures should be -

en,

ADVERSE REACTIONS:

1. Bleod Dyscraslas

The most serious adverse effect of
chloramphenicol is bone marrow de-

ression. Serious and fatal blood
yscrasias (aplastic anemia, hypoplas-
tic anemia, bocytopenia, and
granulocytopenia) are own to
occur after the administration of
chioramphenieol.

An irreversible type of marrow de-
pression leading to aplastic anemia
with a high rate of mortality is char-
acterized by the appearance weeks
or months after therapy of bone
marrow aplasia or hypoplasia, Pe-
ripherally, pancytopenia is most often
o servec{ l‘;ut in a small number of
cases only one or two of the three
major celf tvpes (erythrocytes, leuko-
cytes, platelets) may be depressed.
A reversible type of bone marrow
depression, which is dose related,
may occur. This type of marmow
depression is characterized by vacu-
olization of the erythroid cells, re-
duction of reticulocytes and leuko-
penia, and responds promptly to the
withdrawal of chloramphenicol.
An exact dctermination of the risk
of serious and fatal blood dyscrasias
is not possible because of lack of
accurate information regarding 1) the
size of the population at risk, 2) the
total numger of _drug-associated
dyscrasias, and 3) the total number
of non-drug associated dyscrasias.

In a report to the California State
Assembly by the California Medical
Association and the State Department
of Public Health in Januvary 1967,
the risk of fatel aplastic anemia was
estimated at 1:24,200 to 1:40,500
based on two dosage levels. .
There are reports of aplastic anemia

inating in leukemi ibuted to

chloramphenicol. . .
Paroxysmal nocturnal hemoglobinuria
has a{so been reported.
Gastrointestinal Reactions

Nausea, vomiting, glossitis and stoma-
titis, diarthea and_ enterocolitis may
oceur in low incidence.

Neurotoxic Reactlons

Headache, mild _depression, mental
confusion, and delirium have been
described in patients receiving chlor-
amphenicol. Optic and - peripheral
neuritis have been reported, usually
following long-term therapy. If this
oceurs, the drug should be promptly
withdrawn.
4. Hyporsensitivity Reactions

Fever, macular and vesicular rashes,

with these Teactions have
been referred to as the “gray syn-
drome”. One case of “gray syndrome”
has been reported in an infant bom
to a mother having received chlor-
amphenicol during labor. One case
has been reported in a 3-month
infant. The following izes the

COMPETITIVE PROBLEMS IN THE DRUG INDUSTRY

if other factors in the clinical situation *
permit. :
Adults—Adults should receive 50 mg./
kg./7day (approximately one 250 mg.
capsule per each 10 lbs. body weight
in divided doses at 6-hour  intervals.
In exceptional cases patients with in-
fections due to moderately resistant orga-
nisms may require increased dosa%’e up
to 100 mg./kg./day to achieve blood
levels inhibiting the pathogen, but these
high doses should be decreased as soon
as possible. Adults with impairment of
hepatic or renal function or both may
have redi ability to bolize and
excrete the drug. In instances of impaired

P should be
Jd d Airr ol 1+ "

clinical and laboratory studies that
have been made on these patients:

(1) In_ most cases therapy with
chloramphenicol had been insti-
tuted within the first 48 hours
of life.

(2) Symptoms first appeared after
3 to 4 days of continued treat-
ment with high doses of chlor-
amphenicol.

(8) The symptoms appeared in the
following order:

(a) abdominal di: with

under “Newbom Infants.”) Precise con-
trol of concentration of the drug in the
blood should be carefully followed in
paticnts with impaired metabolic
processes by the available microtech-
niques’ (information available on re-
quest).

Chlldrcn—Dosage of 50 mg./kg./day
divided into 4 doses at 6-hour intervals
yields blood levels in the range effective
against most susceptible organisms.
Severe infections (e.g., bacteremia or

re ! e when  8d

or without emesis;

1 Faad

§b) progressive pallid is;

¢} vasomotor collapse, fre-

quently accompanied by

irregular respiration;

{d) death within a few hours

of onset of these symptoms.

(4) The progression of symptoms

from onset to_exitus was acceler-
ated with higher dose schedul

T q!
fuid rations are
require dosage up to 100
mg./kg,/day; however, it is recom-
mended that dosage be reduced to 50
mg./kg./day as soon as possible, Children
with impaired liver or kidney function
1('1!13}' retain excessive amounts of the

rug.

..
desired, may

infant:

(5

Preliminary blood serum level

studies revealed unusually high
rations of chl sheni-

col (over 80 meg./ml. after re-

peated doses).

Termination of therapy upon

early evidence of the iated

(6

<

Newborn (See section titled
“Gray Syndrome” under “Adverse Re-
actions.”) A total of 25 mg./kg./da
in equal doses at 6-hour intervals
usually produces and maintains concen-
trations in blood and tissues adequate
to control most i;:fcslions for which the

symptomatology frequently re-
versed the process with com-
plete recovery,

DOSAGE AND ADMINISTRATION

DOSAGE RECOMMENDATIONS FOR
ORAL CHLORAMPHENICOL
PREPARATIONS

The jority of .mi i sus-
ceptible to chloramphenicol will respond
to a concentration between 5 an
meg./ml. The desired concentration of
active drug in blood should fall within
this range over most of the treatment
period. Dosage of 50 mg./kg./day di-
vided into 4 doses at intervals of
hours will usually achieve and sustain
levels of this magnitude.

Except in certain circumstances (e.g.,
premature and newbomn infants and
individuals with impairment of hepatic
or renal function) lower doses may not
achieve these concentrations. Chlor-
amphenicol, like other potent drug§
should be prescribed at ded

drug is 5 d dosage in
these individuals, demanded by severe
infections, should be given only to main-
tain the blood concentration within a
thcrapeuﬁcal]{seﬂecﬁve range. After the
first two weeks of life, full-term infants
ordinarily may receive up to a total of
50 mg./kg./day equally divided into 4
doses at 6-hour intervals. These dosage
recommendations are extremely import-
ant b bloo tration - in all
premature infants and full-term infants

ol under two weeks of age differs from

that of other infants. This difference is

due to variations in the maturity of the
metabolic functions of the liver and the
idneys.

6| When these functions are immature, (or

seriously impaired in adults), high con-
centrations of the drug are found which
tend to increase with succeeding doses.
Infants and Chiidren with Immature
Metabelic Processes—In young infants
and other children in whom

metabolic functions are suspected, a
dose of 25 mg./kg./day will usually pro-
duce th tic i of the

doses known to have therapeutic ac-
tivity, Close observation of the patient
should be maintained and in the event
of any adverse reactions, dosage should
be reduced or the drug discontinued,

O

drug in the blood. In this froup ar-
ticularly, the concentration of the dru
in the giood should be carefully followe
by mi Tt (Inf fon availa-

b{e on request.)




