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''The dominant factor in the emergence and 
spread of antibiotic-resistant microbial 
pathogens, whether in hospital wards or in 
the community, is clearly the intensive 
use of antibiotic agents to which resistance 
emerges and then spreads." 

Maxwell Finland, M.D. 



ACYCLOVIR 

Acyclovir [ACV, acycloguanosine, 9-(2-hydroxyetroxymethyl)guanine, 

. ®] . . h . h h . h . f Z.Dvlrax- IS a new anti- erpesv1rus agent tat as a un1que mec an1sm o 

action. Its structural formula is shown in Figure 1. 

STRUCTURAL FORMULA: 

(parent) 

Figure 1 

(Na salt) 

The sodium salt is highly soluble in water (6.24 gm/dl); the parent compound 

has lesser solubility (0.13 gm/dl). The solubility characteristics of the 

compounds have an important clinical implication. Parenteral administration 

involves the use of the sodium salt. When reconstituted, the salt can be 

administered intravenously in a small volume of fluid (water, normal saline, 

D5W, D5NS, etc.). Since 62-91% of the drug is excreted into the urine in-

tact as the parent compound, crystal Iuria may occur if the urine volume is 
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insufficient. For example, the dose presently used in the treatment trial 

of herpes simplex encephalitis (HSE) is 10 mg/Kg at 8 hour intervals for 10 

days. For a 70 Kg person, the daily dose is 2100 mg. If 62-91 % of the drug 

is delivered intact into the urine as the parent compound, crystalluria may 

result if the urine volume is less than 1000 ml/day. In actuality, sig­

nificant crystalluria resulting in blockage of the collecting ducts has oc­

curred only in bone marrow recipients being given large quantities of the 

drug for interstitial pneumonia due to cytomegalovirus (CMV). The blockage 

with resulting azotemia has, to date, always been reversible with the admin­

istration of fluid. The oral and topical forms of the drug involve the use 

of the parent compound. The solubility of adenine arabinoside 0.06 gm/dl 

is less than that of the parent compound, ACV (0.13 gm/dl). The solubility 

characteristics of Ara-A necessitate the administration of the drug in a 

large quantity of vehicle, viz., 1 mg. of the drug in 2 ml of vehicle. For 

example, the therapy of HSE in a 70 Kg person requires the administration of 

Ara-A at 15 mg/Kg over a 12 hour period of 1050 mg of drug in 2100 ml of 

fluid. Since patients with HSE are in danger from intracranial hypertension, 

limiting the volume of fluid intake is a significant factor in therapy. 

In man, the only significant metabolic breakdown product of ACV involves 

8-14% of the compound and appears as 9-(carboxymethoxymethyl)guanine (CMMG). 

This metabolite represents the oxidation product of the terminal CH20H group 

of the side chain to a COOH group. With impairment of renal excretion of 

ACV, there is increased formation of CMMG. 

MECHANISM OF ACTION 

The mechanism of action of ACV is novel and enables the compound to have 

a high therapeutic ratio. The mechanism of action shared by another new drug, 
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bromovinyldeoxyuridine (BVDU), is sufficiently distinctive that these com­

pounds have been termed second generation anti-herpesvirus agents. The active 

form of the compound is ACV-triphosphate (ACV-TP). The formation of the mono­

phosphate is the rate limiting step with the phosphate being added to the 

acyclic side chain . The viral coded enzyme, thymidine kinase (TK), converts 

ACV to ACV-MP. Cellular enzymes then convert ACV-MP to ACV-DP and ACV-TP. 

Cellular enzymes have a limited capacity to convert ACV to ACV-MP. The ACV-TP 

acts to inhibit viral DNA polymerase. ACV-TP is also incorporated into viral 

DNA where it acts as a chain terminator. ACV-TP has only a limited effect 

on cellular DNA polymerases . As a consequence of the action of viral TK, 

ACV-TP, the active form of the drug, preferentially accumulates in virus 

infected cells resulting in a high therapeutic index since uninfected cells 

have relatively small quantities of ACV-TP (Figure 2). 

The quantities of viral coded enzyme, TK, are greatest for herpes simplex 

virus, types 1 and 2 (HSV-1 and HSV-2) and varicella-zoster virus (VZV). The 

amount of TK coded for by Epstein-Barr virus (EBV) is apparently limited 

while CMV does not code for TK. Within the HSV group of viruses, there are 

quantitative differences in the amount of TK formed . Although EBV probably 

directs little or no TK formation and the accumulation of ACV-TP in EBV-trans­

formed cells is limited, there is an effect of EBV on viral replication since 

its DNA polymerase appears exquisitively sensitive to inhibition by ACV-TP. 

Except at very high concentrations of ACV, this drug has little effect on 

CMV replication. ACV has no effect on vaccinia virus, a DNA virus . If HSV 

is added to a vaccinia virus tissue culture system, however, vaccinia virus 

replication is inhibited because the HSV-TK can convert ACV to ACV-MP and 

then subsequently this compound can be converted to ACV - TP . 
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SPECTRUM OF ACTION 

ACV is most active against HSV-1 followed by HSV-2, VZV and EBV. It has 

marginal activity against CMV. Within each virus type, there also is a spec-

trum of activity. The most sensitive HSV-1 isolate was inhibited by 40 times 

less drug than the least sensitive isolate in one study. Achieveable ACV 

plasma concentrations generally exceed levels required to inhibit relatively 

resistant isolates of VZV, HSV-1 and HSV-2 (Figure 3). 

Relationship of Plasma Acyclovir Concentration in Patients Receiving a 
Single Intravenous Dose of 5 mg/kg to Susceptibility 
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DEVELOPMENT OF RESISTANCE 

In the laboratory, resistance to ACV can be produced by serial passage 

of virus isolates in the presence of sub-inhibitory concentrations of the 

drug . Most resistant isolates are TK , i.e., they do not code for the enzyme 

TK but use cellular TK for replication. In a few instances, the locus of 

resistance is related to failure to inhibit viral DNA polymerase. Recent 

studies have demon • trated the presence of natu ral resistance of certain 

genital isolates of HSV to ACV. In a study conducted in Seattle, Wash . , 

104 genital HSV isolates were tested for sensitivity to ACV by a colorimetric 

method in which reduction of the cytopathic effec t induced by the virus was 

measured. The 50% inhibitory dose of the drug (ID
50

) for each of the viruses 

How-was de termined. The median ID
50 

for the 104 iso;ates was 0.37 ~gm/ml. 

ever , the ID
50 

for 1 isolate was 9 ~gm/ml and for another 19 ~gm/ml. The 

measuremen t s we re made before the initiation of topical therapy with ACV. 

-
Both isola t es were TK . 

The re have now been 5 cases reported in which resistance to ACV has 

emerged during therapy . In one patient treated with topical ACV, the ID50 

changed from 0.4 ~gm/ml to 15 ~gm/ml. In three bone marrow transplant 

recipients rece iving intravenous ACV, the ID
50 

of isolates of HSV recovered 

at the end of therapy ranged from 5- 15 ~gm/ml. In a child with combined im-

munodeficiency caused by absence of the enzyme, adenosine deaminase and 

receiving prolonged oral and intravenous ACV, serial rectal HSV isolates re-

tained ACV sensitivity, with ID
50 

values of 0 . 01 and 0.02 ~gm/ml at the 

beginning and end of the treatment course . Oral HSV isolates from this child 

increased ID
50 

values from 0.025 to 4.25 ~gm/ml. Isolates from the eye 

changed ID50 values from 1.92 to 9 . 43 ~gm/ml. 
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There is reason to consider that TK mutants of HSV have reduced viru­

lence. In one study in mice the Lo
50 

for TK+ HSV was 10.9 plaque forming 

units (PFU) . In the same strain of mice, the to
50 

for TK- HSV was 1.86 x 104 . 

In another study, TK mutants of HSV produced less local disease and dim­

inished latent infection in ganglion cells. The authors of this study made 

the suggestion that such or comparable mutants might have utility as im-

munizing agents against HSV. 

TOXICOLOGY IN ANIMALS 

Topical ACV was well tolerated with no evidence of sensitization. At 

high dosage levels with prolonged treatment, ACV induced marrow hypoplasia 

and central nervous system side-effects consisting of sedation, depression 

and ataxia. Nephropathy due to crystal deposition in the collecting ducts 

was observed. At high dosage levels, inhibition· of T lymphocyte prol ifera-

tion and sheep red blood cell rosette formation occurred. There was no 

evidence of teratogenic effects nor any evidence of decreased reproduction 

or fertility. Given in high doses to neonatal rats, there was no evidence of 

retardation of CNS development. There were no carcinogenic effects. In 

human lymphocyte preparations, at very high ACV concentrations, minimal 

chromosomal breakage occurred . At doses contemplated for human use, ACV 

appears to be a very safe drug with a high therapeutic ratio. At higher 

doses, urine output must be maintained to avoid nephropathy. 

HUMAN PHARMACOLOGY 

For HSE in adults and HSV infection in neonates, a dose of 10 mg/Kg 

delivered over a 1 hour period every 8 hours for 10 days has been chosen for 

the clinical trials. ACV will be compared to Ara-A and Ara-AMP for HSE and 
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to Ara-A at an increased dosage level (25 mg/Kg) in ~eonatal herpes. Fol­

lowing infusion of ACV, there is a biexponential decline of drug concentra­

ti ons. The renal clearance of ACV exceeds the creatinine clearance, implying 

tubular secretion but probenecid does not affect ACV plasma levels or renal 

excretion. It should be recalled that the median 10
50 

for 104 HSV genital 

isolates was 0.37 ~gm/ml. Peak and trough values for ACV are given in Table I. 

CSF and plasma concentrations are also compared a~ varying times following 

infusion (Table 2). 

5 mg/Kg q 8 h 

10 mg/Kg q 8 h 

2 

2 

1. 5 

Table 1 

Plasma Levels of ACV (~gm/ml) 

Peak 

10.9 

23. 

Tab 1 e 2 

CSF and Plasma 

Trough 

0.8 

2.5 

Levels of ACV 

Time after infusion (hours) 

CSF Plasma 

4.2 9.3 

4.5 9. 

4.5 10.8 
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Since the drug is excreted by the kidneys, a modification of the 

dosage must be made in renal failure (Table 3). Sixty percent of the drug 

is removed by hemodialysis. 

Creatinine 

Clearance 

(ml/min/1.73 m2 ) 

>50 

25-50 

10-25 

0-10 

CLINICAL EFFICACY 

Table 3 

Interval between 

Doses (hours) 

8 

12 

24 

24-48 and 

after hemodialysis 

National collaborative trials organized by the NIAID are underway com­

paring ACV, Ara-A and Ara-AMP in HSE and ACV and Ara-A at a higher dose level 

(25 mg/Kg) for neonatal HSV infection. Double-blind trials of ACV (ACV vs 

placebo) have been undertaken by Burroughs Wellcome Co. for extending muco­

cutaneous HSV di.sease in immunosuppressed patients and herpes zoster and 

varicella in the same group of patients. Studies of HSV reveal preliminary 

effects on viral excretion in mucocutaneous disease in immunosuppressed pat­

ients that appear quite promising. Topical treatment of extending HSV disease 

in the immunosuppressed with 5% ACV in a polyethylene glycol base shortens 

virus excretion from 9.5 days (average for placebo controls) to 2.5 days 

(ACV therapy). 
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In recurrent herpes labial is, two centers (Salt Lake City, Boston), ACV 

influenced viral excretion but had no effect on clinical symptomatology. A 

patient initiated study is underway in both centers. In the patient initiated 

studies, the patient is given either ACV or placebo and asked to apply oint­

ment at the beginning of the prodrome. This type of study insures that the 

drug will be applied as early as possible to the lesions. In Seattle, in 

primary genital infection, patients receiving ACV experienced a shorter mean 

duration of pain, itching and viral excretion. In recurrent genital disease, 

ACV influenced the length of viral excretion but not clinical symptomatology. 

Patient initiated studies on recurrent genital HSV infections are now under­

way in several institutions. 

Oral ACV drug studies are in progress to determine if the course of 

recurrent genital herpes can be affected. Intravenous ACV is being studied 

in primary HSV genital infections to determine if latency can be prevented. 

Oral and intravenous ACV is being used in a test of prophylaxis to determine 

if HSV and VZV infections can be prevented in severely compromised patients 

(bone marrow transplant recipients, cancer chemotherapy patients). A trial 

of ACV vs placebo is being conducted in varicella pneumonia in normal persons. 

This trial is underway in Kuwait where army recruits generally from rural 

backgrounds have a high incidence of varicella after induction into the 

armed c;:; rvices. 

In HSV keratitis, ACV has been proven effective as has Ara-A, lOUR and 

TFT. A potential extra benefit of ACV is that it can be found in sufficient 

concentrations in the anterior chamber to influence the replication of HSV. 
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PRESENT AND FUTURE USES 

Ara-A has just been shown to reduce cutaneous dissemination in herpes 

zoster from 24 to 8% if administered early in the disease coures (<72 hours 

after onset) and visceral dissemination from 16% to 2%. There was only a 

I imited effect on post-herpetic neuralgia in the immunosuppressed patients 

on whom the drug was tried. In varicella in immunosuppressed patients, 

visceral complications were reduced from 40% to 5%. 

Most authorities consider that ACV will be licensed for certain indica­

tions by the FDA within a year. Given the efficacy of Ara-A, ACV must 

demonstrate superior efficacy or safety. Comparative trials are underway in 

HSE and neonatal herpes. There has been a discussion of a potential trial 

between Ara-AMP, administered intramuscularly and oral ACV in the outpatient 

treatment of herpes zoster in the immunosuppressed. Use of ACV in herpes 

labialis and genital herpes awaits further confirmation of results and needs 

to be balanced by the consideration that ACV resistant mutants can be induced. 
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KETOCONAZOLE 

K~toconazole is a new, orally absorbed imidazole derivative that has a 

wide-spectrum antifungal effect. Its structure is shown in Figure 4. 

The compound is soluble in acid solutions and gastrointestinal absorption 

is maximal when the contents of the stomach are at an acid pH. It has been 

shown that absorption is best when the drug is taken with meals. 

~~ 
~N/ Cl 

CH2 ... Q-'-' Cl 

o':><.o - o 

l I cH oO" ~-c-cH 
2 - \..._/ 3 

Figure 4 

MECHANISM OF ACTION 

The imidazoles (miconazole, clotrimazole, ketoconazole) inhibit fungal 

cell growth by interfering with the synthesis of fungal cell membranes. 

Specifically, this involves interference with the formation of ergosterol, 

the major sterol in the fungal membrane. This inhibition coincides with an 

accumulation of lanosterol-] ike sterols, i.e., sterols with a 14 -a -methyl 

group in their structure. The accumulation of Cl4 methylsterols suggests 

that miconazole and ketoconazole are potent inhibitiors of one of the meta-

bol ic steps involved in demethylation at the Cl4 site. At doses presently 

utilized, ketoconazole is fungistatic. It has been pointed out that the 
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utility of ketoconazole could not have been demonstrated if in vitro sensi­

tivity testing had solely been performed with conventional media. In Eagle's 

minimum essential medium (EMEM), Candida aZbicans forms germ tubes and then 

pseudomycel ial forms. In the presence of very low concentrations of keto­

conazole, e.g., 0.05 ~gm/ml, pseudomycelial formation is strikingly inhibited. 

If polymorphonuclear leukocytes and macrophages are added to cultures of 

C. aZbi·cans in the presence of low concentrations of ketoconazole, yeast 

forms predominate and phagocytosis occurs . Pseudomycelial formation effect­

ively stops phagocytosis (Figure 5). Interference with cell membrane forma­

tion enhances the permeability of the cell envelope; the drug is then able 

to penetrate into the cell where it interferes with RNA and protein synthesis, 

impairs lipid metabolism and finally leads to cell necrosis. With fungi­

cidal concentrations of miconazole, intracellular concentrations of hydrogen 

peroxide are increased leading to the degeneration of subcellular structures. 

Although imidazole derivatives theoretically may affect cholesterol 

synthesis, this only occurs at very high concentrations of the drugs. Any 

potential effect is also mitigated by the fact that host cells can utilize 

dietary cholesterol. At therapeutic concentrations, ketoconazole has been 

shown not to induce hepatic microsomal enzymes that could lead to its more 

rapid metabolic degredation. The practical implication of this fact is that 

steady s tate levels of the drug remain constant for long periods without any 

necessity for increasing the dosage of the drug. 

ANTI - FUNGAL SPECTRUM 

Ketoconazole has a wide spectrum of anti-fungal activity. Furthermore, 

its activity is also influenced by the culture medium used, e.g., inhibition 
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Figure 5 . Scanning electron micrographs of Candida albicans inoculated in the yeast form and grown in a 
mycelium-promoting medium (Eagle's minimal essential medium) for 24 hr without ketoconazole (top) and with 
w-' M ketoconazole (0.05 1-1g/ml) (bottom). Note that ketoconazole completely prevented the outgrowth of long 
branching hyphae like those seen in the untreated culture ( x 1 ,075). Ref . 3 . 
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Table 4 .. In vitro antifungal act1V1t1es of R41,400 and miconazole against 17 5 isolates of human pathogenic 
fungi as determined by an agar dilution· procedure. 

Geometric 
Cumulative percentages of isolates inhibited at mean 

indicated concentration (J.<g/ml) of drug MIC 

Organism (no. tested) Compound <:;;0.125 0.25 0.50 2 4 8 16 32 ;;.64 (J.<g/ml) 

Systemic and sub-
cutaneous pathogens 
Coccidioides immitis (10) R41,400 20 90 100 0.23 

Mrconazole 80 90 100 1.23 

Histoplasma :R4I,400 44 89 100 0.17 
capsulatum· (9) Miconazole 100 0.08 

Blastomyces R41,400 17 25 33 58 100 0.70 
derm.atitidis ( 12) Miconazole 25 42 58 92 100 0.37 

Sporothrix· R41,400 60 80 100 6.06 
schenclr.ii (1 O) Miconazole 30 100 1.62 

Allescher:a (Petriellidium) R41,400 18 55 100 1.66 
boydii(Il) Miconazoie 18 36 91 100 1.29 

.Aspergillus . ..R4I,400 7 79 100 8.83 
fumigatus ( 14) ·l\1iconazole 86 100 8.83 

Dematiaceous fungi (1 0)* R41,400 10 60 80 90 100 4.00 
Miconazole 20 40 80 90 100 3.25 

Pathogenic and 
commensal yeasts 
Cryptococcus R41,400 10 70 90 100 0.44 

neoformarrs { l Q) ·.Miconazole 50 100 0.35 

Candida albicans ( l 0) . R41,400 20 40 60 100 27.86 
Miconazole 20 50 100 19.70 

Candida tropicalis (5) R41,400 20 40 100 13.82 
Miconazole 20 100 12.13 

Candida parapsilosis (5-) R4.J,400 60 80 100 1.14 
Miconazole 60 80 100 4.60 

Torulopsis glabrata (5) R41,400 40 100 21.11 
Mkonazole 20 40 60 100 9.19 

Dennatophytic fungi 
Epidermophyton R41,400 100 0.06 

floccosum (9) l\1iconazole 100 0.06 

Microsporum R41,400 50 100 8.00 
audouinii (2) Miconazole 100 4.00 

l\1icrosporum canis (7) R41,400 17 50 67 100 6.35 
Miconazole 29 86 100 1.81 

.'Hicrosporum gypscum (4) R41,400 · 50 100 22.63 
Miconazole 50 75 100 9.51 

Trichophyton R41,400 12 25 100 5.19 
mentagrophytes (8} Miconazole 12 50 100 2.59 

Trichophyton rubrum (18) R41,400 6 17 22 56 78 94 100 7.70 
Miconazole 11 28 39 67 94 100 2.51 

Trichophyton R41,400t 25 42 67 100 3. 72 
tonsurans (16) l\1iconazole 12 25 56 94 100 4.36 

~Includes four isolates of Phialophora species and three isolates each of Cladosporium and Fonsecaea species. 
TOnly 12 isolates tested with R41,400. 

J. Infect. Dis. 138:247 
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of pseudomycelial formation by C. albicans in EMEM. Table 4 lists suscepti-

bil ity testing of ketoconazole (R4l ,400) using an agar dilution method with 

casein yeast extract glucose agar. Achieveable peak serum concentrations at 

a 400 mg. daily dose approximate 6 ~gm/ml and are usuall y at a 2-4 ~gm/ml 

level with 200 mg. per day. As noted, the effect on C. albicans in EMEM, 

animal studies or in human disease would not have been predicted using this 

system of susceptibility testing. Not included in this table is Paracoc-

cidiodes brasiliensis~ the cause of paracoccioidomycosis, a fungal infection 

highly prevalent in Brazil and for which effective therapy has been lacking. 

Two strains of this organism were inhibited by 0.002 ~gm/ml while another two 

strains were inhibited at 0.004 ~gm/ml. 

ANIMAL MODEL STUDIES 

Ketoconazole has been studied in multiple animal model studies including 

coccidioidomycosis and blastomycosis in mice infected intranasally, various 

forms of candidal infection in differing animals, and histoplasmosis and 

cryptococcosis in the nude mouse model. These studies all have demonstrated 

the efficacy of the drug. In Levine and Cobb's murine coccidioidomycosis 

model, treatment was effective if begun 4, 12, and 30 days after intranasal 

- inf_e_~_!l_o!]_ (Figure ~). 

Figure 6 . The influence of late 
treatment with ketoconazole on the 
survival of mice infected intranasally 
with 42 arthrospores of Coccidioides 
immitis. On the 30th day after infec­
tion, surviving animals were assigned 
to drug and placebo groups. Treat­
ment was begun on the 35th day after 
infection and was continued for 21 
consecutive days; thereafter, treat­
ment was given five days per week 
through the !20th day after infection. 
Drug and placebo were administered 
orally. b.i.d . = twice daily. *P = 
<0.05 (Fisher-Irwin-Yates' exact test 
for fourfold tables). 
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In the study of Graybill et.al. of histoplasmosis and cryptococcosis in 

athymic mice (nu/nu) and their heterozygous counterparts with thymuses 

(nu/+), ketoconazole and amphotericin were compared alone and together. In 

nu/nu mice with histoplasmosis after intravenous challenge, mortality was 

most delayed after AMB + KTZ therapy. All animals eventually succumbed but 

mortality was delayed over controls with KTZ being more effective than AMB. 

In nu/nu mice with cryptococcosis after intraperitoneal challenge, all animals 

eventually died but the combination of AMB + KTZ significantly delayed therapy 

over controls. Since ketoconazole is fungistatic, mortality could be pre-

dieted in nu/nu mice once the drug had been discontinued. Mortality curves 

for nu/+ mice with histoplasmosis and cryptococcosis are shown in Figures 7 

and 8. The authors concluded that in this model system amphotericin Band 

ketoconazole are not antagonistic and that the combination of the two drugs 

may result in a modest benefit. Previous studies had suggested an antagonism 

between miconazole and amphotericin B. No human studies testing the combina-

tion of drugs has been reported. Randomized clinical trials of ketoconazole 

vs. amphotericin B in deep mycotic infections in humans have also not been 

reported. 

Figure 7. Survival of nul+ mice 
after iv challenge with 5 x 10' Histo­
plasma capsulatum organisms and 
treatment with ketoconazole (KTZ), 
amphotericin B (AMB), both (AMB 
+ KTZ), or neither (control) . There 
were 10 mice per group. 
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Figure 8. Survival of nul+ mice 
challenged ip with 106 cfu of Crypto­
coccus neojormans and treated with 
no drug, with amphotericin B (AMB), 
with ~etoconazole (KTZ), or with 
both drugs. There were 18-20 mice 
per group. 
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When combined with 5-fluorocytosine, results did not differ in vivo or in 

vitro from results achieved with ketoconazole alone. 

FIGURE 9. . . Plasma levels of ketoconazole obtained by 200m& once 

daily in long -term treatment. 
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PHARMACOLOGY 

Ketoconazole is absorbed in the stomach at an acid pH. It is extensively 

metabolized by the 1 iver but at the concentrations achieved does not induce 

hepatic microsomal enzymes which might degrade it more rapidly. Accumulation 

does not occur and peak serum levels at a 200 mg. dose remain constant during 

the treatment course (Figure 9). The excretion of ketoconazole - 3H has been 

studied in 3 volunteers. After 4 days, about 70% of the dose had been ex­

creted: a bout 57% in feces and 13% in urine. Unchanged drug accounted for 

20 to 65% of the fecal radioactivity, as estimated by radio -HPLC, and for 

2 to 4% of the urinary radioactivity. Thus, no alteration of the dosage 

of the drug need be made with renal insufficiency. The urine concentration 

may be a limiting factor in treating fungal urinary tract infections. If a 

400 mg . dose is given, using the figures given above and assuming a urine 

volume of 1500 ml/day, it can be estimated that the urine concentration of 

the drug will only approximate 1-2 ~gm/ml. 

Penetration of ketoconazole into the CSF has been presumed to be 1 imited. 

In one patient, however, with candida] meningitis after 30 days of therapy 

with 400 mg. per day of the drug, CSF ketoconazole levels were 2.1, 1.9 and 

2.2 ~gm/ml, 4, 6 and 8 hours after administration of the drug. 

TOXICOLOGY 

In animals (rats) dosed with high quantities of the drug, changes were 

observed in the liver, kidneys, adrenals and ovaries. At these dosage levels, 

1 iver enzyme induction occurred, resulting in increased estrogen metabol ism. 

The drug produced both embryotoxic and teratogenic effects. In dogs, the 
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target organ was the liver. Alkaline phosphatase and SGOT levels increased 

and at 80 mg/kg after 2 to 4 weeks of dosing, clinical icterus developed. 

In man, nausea and vomiting are seen but are minimized when the drug 

is taken with meals. SGOT elevations occurred in 4 patients out of a total 

of 12 receiving ketoconazole for chronic mucocutaneous candidiasis. In three 

patients, the SGOT elevation was transient disappearing with further therapy. 

In one patient treated for 6 months, SGOT, SGPT, 5 1 -nucleotidase and alkaline 

phosphatase levels showed 11marked 11 elevations while the serum bilirubin 

remained normal. A reduction in ketoconazole dose was associated with im­

provements in the enzyme levels. A liver biopsy showed mild hepatitis; 

tests for evidence of infection with hepatitis A and B viruses were negative. 

A recent report showed that 3/40 men being treated with ketoconazole developed 

gynecomastia. 

At present, ketoconazole is considered a safe drug for human use. Nausea 

and vomiting usually respond to giving the drug with meals. Hepatic toxicity 

may evidently be seen as well .as a low incidence of gynecomastia. The drug 

should be avoided in women that are pregnant or in whom pregnancy has not 

been excluded. The drug has been licensed by the FDA and scheduled for 

release August 3, 1981. 

CLINICAL EFFICACY 

In considering human studies, various criteria for evaluating results 

need definition. The drug is fungistatic. In chronic mucocutaneous candid­

iasis, for example, cure may not be possible since the patient wi 11 almost 

certainly relapse when therapy is withdrawn. 
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Paracoccidioidomycosis. In vitro studies demonstrated the marked 

susceptibility of this fungus to ketoconazole. Of 13 patients treated with 

ketoconazole for 3 to 12 months at a dosage of 200 mg . per day, all patients 

were reported to have improved markedly, with healing of pulmonary, mucosal 

and skin lesions. Mycologic tests corroborated the clinical improvement. 

Five patients completed a year of therapy and were free of symptoms when 

therapy was discontinued (Table 10). 

Table l 0 .. Results of one year of ketoconazole therapy for five patients with paracoccidioidomycosis. fl.ef. 25 

Mycologic studies 

Paracoc-
Follow-up after 

cidioidin Total dose 
therapy (month) 

Decreased skin-test of keto- Died, 
Patient antibody conver- conazole Adverse other 
no. Clinical response Cultures titer* sion (g) effects Well cause 

Marked: chest X rays cleared Negative Yes Yes 60.4 None Yes (10) 
2 Marked: mucosal lesions and Negative Yes Yes 58.0 Slight nausea Yes (8) 

chest X rays cleared 
3 Marked : skin lesions and Negative NAt Yes 58.4 None Yes (8) 

chest X rays cleared 
4 Marked : chest X rays cleared Negative Yes 0 • • t 75.6§ None Yes (4) 
5 Moderate: partial clearing of Negative Yes Yes 73.2§ None Yes (1)11 

chest X rays 

* Includes CF and immunodiffusion tests with Paracoccidioides brasiliensis antigen. A decrease in titer was defined as a twofold 
or greater decrease or a diminished number of bands. 

t Results of serologic tests were not available for evaluation. 
t Patient was sk in-test positive before treatment. 
§ Patient received 200 mg of ketoconazole per day for the total period of treatment, whereas the other patients received 100 mg 

per day for the last six months . 
II This patient had tuberculosis . 

Coccidioidomycosis . Ketoconazole has been shown to be effective in the 

treatment of pulmonary and disseminated coccidioidomycosis by 3 groups of 

investigators, each treating more than 10 patients. The authors all re-

ported clinical successes in the majority of cases but also failure of 
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therapy in come cases (Tables 11 and 12). (see next page) 

Table 1 l. Results of ketoconazole therapy and sites of infection with Coccidioides immitis. Ref. 4 
No. of patients with infection at indicated site 

Soft Urinary 
Result* Bone Lung tissue/ skin Meninges tract Liver 

Responses 3 5 12 I 2 I 
Failures 0 0 0 2 0 0 
No change 5 4 0 I 0 
Could not be evaluated 2t I 2 0 0 

Total 10 10 14 5 3 

• If a patient had multiple sites of involvement, each site was evaluated separately. Total represents number of individuals st11died 
as of November 26, 1979. Seventeen of the 32 patients received 400 mg of ketoconazole per day. 

t Patients died of unrelated causes. 

Causes for the failures of therapy were often not apparent. It has been noted 

that ketoconazole may have 1 imited CSF penetration. Dosages of 200 mg/day 

were successful in some patients while others required 400 mg/day. The 

optimal duration of therapy had to be individualized depending on the re-

sponse of the patient. 

Histoplasmosis. Pulmonary and disseminated histoplasmosis has been 

treated successfully with ketoconazole but the experience is more limited 

than with coccidioidomycosis. 

Chronic mucocutaneous candidiasis. In a double blind study, 12 patients 

were treated either with ketoconazole or a placebo. All six recipients of 

ketoconazole has remission of symptoms and virtually complete regression 

of mucosal, skin and nail lesions, whereas only two of the six had even 

temporary mucosal clearing, and none had improvement of skin or nail disease. 

The six patients receiving placebo in the controlled trial were then treated 

with ketoconazole in an open trial, and al 1 responded favorably . 
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Superficial mycoses. Superficial mycotic infections have been treated 

with keotconazole. In a double-blind study of patients treated with either 

ketoconazole or griseofulvin, 24/29 (83%) of patients treated with ketocona-

zole and 6/19 (32%) of patients treated with griseofulvin were rated as cured. 

Overall Summary of Therapeutic Results. Table 13 lists the overall re-

sponse of patients with mycoses to miconazole therapy. 

Table l 3. Overall response of patients with mycoses to treatment with ketoconazole. Ref. 33 

Total 
Percentage of patients 

no. of With no Moderately Markedly 
Diagnosis patients response improved improved• Cured• 

Superficial mycoses 
Pityriasis versicolor 99 0 3 3 94 
Dermatomycoses due to yeasts 51 0 6 14 80 
Dermatomycoses due to dermatophytes 178 3 8 15 74 
Mycosis of hair and scalp 20 15 10 55 20 
Onychomycosis 21 5 19 19 57 
Oral thrush 45 7 2 7 84 
Chronic mucocutaneous candidosis 30 3 17 40 40 

Deep mycoses t 
Paracoccidioidomycosis 50 2 4 10 84 
Histoplasmosis 20 10 10 15 65 
Coccidioidomycosis 54 19 44 22 15 
Chromomycosis 12 25 33 25 17 
Systemic candidosis 7 29 0 43 28 
Aspergillosis 6 33 17 33 17 
Aspergilloma 7 43 43 14 0 
Mycetoma II 55 36 9 0 

• Patients in these two categories were considered to be good clinical responders; therefore, the sum of the percentages in these 
two categories is the total percentage of good responders. 

Ketoconazole has also led to reduce numbers of Candida albicans being 

shed in feces and sputum of patients with cancer. These patients were treated 

with 200 mg. of drug per day. Although vaginal candidiasis has been treated 

successfully with ketoconazole, it has not been licensed for that use because 

it should not be administered to women unless pregnancy can be excluded. The 

drug has been licensed for the treatment of chronic mucotaneous candidiasis, 



oral thrush, candiduria, paracoccidoidomycosis, coccidioidomycosis, chromo­

mycosis and histoplasmosis. Further studies on the safety of the drug need 

to be performed before it can be used in superficial mycotic infections 

although its efficacy may be greater than griseofulvin in the treatment of 

some of these disorders. Resistant isolates occurring during therapy have 

not been reported although resistant isolates (before or with no therapy) 

have been documented. 

28 
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THE THIRD GENERATION CEPHALOSPORINS. 

The cephalosporin antibiotics were discovered in 1945 by Giuseppi Brotzu 

who isolated the fungus Cephalosporium acremonium near a sewage outlet. He 

has reasoned, knowing the story of penicillin and its therapeutic properties, 

that antibiosis must be involved in the purification of the sewage effluent. 

The story extends to today; to the third generation cephalosporins, compounds 

with a broadened antimicrobial spectrum that hold great promise for their 

uti 1 i ty in c 1 in i ca 1 medicine. 

MECHANISM OF ACTION. 

Penicillin and cephalosporin antibiotics have similar mechanisms of 

action. They both require the integrity of a S-lactam ring and are seen as 

structural analogues of acyl-D-alanyl-D-alanine (Figure 10). Enzymes involved 

Figure 10. 0 
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in cell wall or peptidoglycan synthesis by forming peptide cross-links ac-

cept these antibiotics into their active sites and become acylated (Figure 11). 

Enz-OH Figure 11. 

0 coo~ 
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# N COOH COO~Ez En -OH 
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Further steps in the reaction involve deacylation in which the acyl group is 

transferred to water or to another receptor. The general model for the re-

action can be stated as follows: 

E (enzyme) + S (substrate) + ES + EP + E + P (product) 

The degree of enzymatic inhibition depends on the rate of formation of ES 

and EP and the reversibility of the reaction. 

It has now been established that each bacterial species contains multiple 

enzymes that are inhibited by the penicillins or cephalosporins. Other pro-

te i ns not involved in enzymatic activities can also bind these antibiotics . 

Collectively, these enzymes and proteins are termed penicillin binding proteins 

(PBP) (Table 14- next page). Different pen icillin and cephalosporin deriva -

tive s bind to these PBPs with varying avidity . Different morphological forms 

result depending on which enzymatic activities are primarily inhibited. Fo r 
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Table l 4 Summary of avai lable data on penicillin-binding proteins (PBP) of Escherichia coli K 12. Ref. 6 
·-------- --
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examp le, mecill inam preferentially binds to PBP 2 of E. coli~ an enzyme that 

per f orms a transpeptidase function and is responsible for maintenance of 

a rod shape. Mecill inam causes the formation of enlarged rounded forms with 

loss of viability but only slow lysis . The concept of PBPs explains how 

synergy might occur if another antibiotic such as cefoxitin is added. Cefox-

itin binds to PBPs lA, lBs and 3. The combination of mecill inam and cef-

oxitin thusly inhibits 4 enzymatic activities and synergy with this antibiotic 

combination has been demonstrated in vitro against multiple Gram negative 

bac i 11 i. 

Autolysins are naturally occurring enzymes that are engaged in the con-

tinuing normal process of cell wall breakdown. The bactericidal effects of 

penicillins and cephalosporins are dependent on continuing autolysis. To!-

erant organisms are defined as organisms that have stopped cell growth but 

remain viable in t he presence of the antibiotic because lysis has not occurred. 

Naturally occurring inhibitors of autolysins occur. It has been postulated 

that penicillins and cephalosporins may permit the continuing occurrence Df 

autolysis by allowing inhibitors to be lost from the bacterial cell by leakage 

through walls made poro~ by inhibition of cross-! inkage. 
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Two types of antimicrobial resistance to penicillins and cephalosporin 

compounds have been discovered. The first and least common is exemplified 

by methicillin resistance inS. aureus. Resistance is chromosomally mediated 

and is related to the fact that the cell wall is impermeable to the antibiotic. 

Methicillin cannot cross the cell wall and hence it cannot reach the PBPs which 

are located on the cytoplasmic membrane. Inhibition of peptidoglycan synth­

esis cannot occur . Resistance of this type extends to other penicillinase 

resistant semisynthetic penicillins (PRSP) and also to the cephalosporins. 

Treatment of a methicillin resistant S . aureus infections usually requires 

an antibiotic such as vancomycin . Although increasing in its frequency, 

methicillin resistance inS. aureus has been slow in . its development consider­

ing that PRSPs were first introduced into clinical medicine in the early 1960's. 

The second type of resistance is much more common and relates to the 

fact that enzymes that degrade penicillins and cephalosporins are present in 

the periplasmic space (between the cell wall and cytoplasmic membrane). These 

enzymes are B-lactamases and the end product reaction results in hydrolysis 

of the B-lactam ring. There are multiple B-lactamase enzymes, coded chromo­

somally and by plasmids. The enzymes vary in structure and substrate spec ­

ificity by bacterial species. The recent advances in the utilization of 

penicillins and cephalosporins relate to structural modifications of these 

antibiotics so that the B-lactam ring is protected from hydrolysis by these 

enzymes. (Table 15- next page). The efficacy of penicillins and cephalo­

sporins, in summary, in vitro relates to the capacity of these antibiotics 

to cross the cell wall, evade B-lactamase destruction and their avidity for 

PBPs involved in the synthesis of the cell wall. 
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Table 1,5 A comparison of the stabilities of cephaloridine (CER), cefoperazone (CPZ), cefazolin (CEZ), cephalothin 
(CET), cephalexin (CEX), cefamandole (CMD), and penicillin G (PC-G) against beta-lactamases. Ref. 9 

Relative Rate of Hydrolysis* 

Type of Specific 
Enzyme Source Beta-Lactamase Activityt CER CPZ CEZ CET CEX CMD PC-G 

E. coli GN5482 CSase 0.24 100 < 0.04 135 691 55 .5 < 0.04 28.7 
P. >~eruginosa GN918 CSase 0.24 100 0.04 160 480 62.9 0.04 24.8 
P. vu/garia GN76 CSase 0.40 100 7.00 375 204 52.0 276 21.0 
E. rloacae GN7471 CSase 3.68 100 0.80 50 402 54.0 1.70 83 .1 
C. freundii G N346 CSase 3.27 100 0.01 120 127 81.1 68 .9 7.0 
P. morganii GN5406 CSase 0.60 100 < 0.04 73 .5 242 31.0 < 0.04 121 
E. coli W3630 Rms212 + PCase Type I 2.10 18 .2 12.4 7.2 7.3 <1.3 20.5 100 
E. coli W3630 Rms 213 + PCase Type I I 0.23 18.8 < 3.9 4.6 9.2 < 2.6 11 .0 100 
E. coli W3630 Rte 16+ PCase Type I I I 0.29 68.0 7. 1 18 .0 9.8 1.6 12.9 100 
P. fJeruginosa M L4259 PCase Type IV 0.66 8.6 <0.4 < 0.05 < 0.5 < 0.6 < 0.4 100 

Rms 139+ 
K . pneumoniae GN69 PCase 0.97 15 . 1 13 .7 2.7 2.8 < 0.5 1.7 100 

* Hydrolysis of each substrate by PCase and CSase is expressed as relative rate of hydrolysis, assuming an absolute rate of PC-G and CER 
hydrolysis as I 00, respectively . 

Units per milligram of protein. 

THE CEPHALOSPORIN$; FIRST, SECOND AND THIRD GENERATIONS. 

The cephalosporin nucleus differs from the penicillin nucleus in having 

a 6 member ring structure instead of a 5 member ring structure attached to 

the S-lactam portion of the molecule. The first generation cephalosporins 

depicted in Figure 12 [next page] (cephalothin, cephaloridine, cephaloglycine, 

cephalexin, cefazol in, cephradine, cephapirin and cephacetrile) differ from 

the second generation cephalosporin, cefoxitin, in that the latter has a 

7-a-methoxy group in the nucleus protecting the S-lactam ring. 
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In general, the first generation 

cephalosporins have more similarities 

than dif f erences. 1). The antimic-

robial susceptibilities of the dif-

ferent compounds are essentially 

equivalent. In sensitivity testing 

in the laboratory, a single disc 

(cephalothin) can be used to determine 

the susceptibilities of different organ-

isms to all of the compounds. Cefaclor , 

an oral first generation drug does, 

however, possess activity against s-

lactamase +and - strains of H. infZuenzae . 

Cephalothin is the most stable drug to 

staphylococcal S-lactamases but this 

difference most probably is insufficient 

to separate it clinically from cephapirin 

and cefazol in, both of which have been 

used successfully in serious staphylo-

coccal infections. 2). With the exception 

of the Enterococcus, the development of resistance to the cephalosporins over 

time has not been marked. Obvious exceptions occur , e.g., multi-drug resistant 

K. pneumoniae . 3). The drugs do not penetrate the meninges in an active form. 

4) . With the exception of cephaloridine, the compounds are remarkably sa f e with 

the chief side-effects being allergic in nature. Cephaloridine is nephrotoxic 



38 

in humans. The therapeutic ratio for these drugs is correspondingly high. 

5). The first generation cephalosporins (excepting cefaclor for H. influenzae) 

are J.neffective against significant pathogens such as Enterobacter sp . , 

Pseudomonas aeruginosa~ most strains of H. influenzae~ Serratia marcescens~ 

indole+ Proteus sp., Bacterocides fragilis and the Enterococcus. 

The second generation cephalosporins (cefamandole, cefoxitin and cefur -

oxime) expanded the antimicrobial spectrum of these compounds. Cefuroxime 

is not available for use in the U.S. (Figure 13). To determine antimicrobial 

sensitivities, separate tests for cefamandole and cefoxitin had to be per-

formed. Cefamandole was effective against a broader spectrum of Gram negative 

bacilli, including 8-lactamase +and- strains of H. influenzae. 

Figure 13 
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The development of resistance in strains of Enterobacter sp. has been noted 

for cefamandole. A comparison of sensitivities of different bacteria to 

cefamandole and cefoxitin has been compiled at PMH by Dr. Paul Southern. 
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In total, between 1979 and 1981, development of resistance to the antibiotics 

has been slight. Serratia marcescens~ citrobacter diversus and citrobacter 

freundii have become increasingly resistant to cefoxitin. About 85% of B. 

fragilis isolates have been found to be sensitive to cefoxitin. Both anti­

biotics have emerged as useful additions to the therapeutic armamentarium. 

Although effective against S. aureus~ these drugs have moved away from the 

efficacy noted with the prototype drug, cephatothtn .. Tillotson has reported 

a series of seven consecutive patients with S. aureus endocarditis which 

represented therapeutic failures with cefamandole. Neither drug penetrates 

the meninges in therapeutic qualities. Organisms such as Pseudomonas aerug­

inosa~ Serratia marcescens~ acinetobacter cocalaceticus and the En.terococcus 

continue as therapeutic problems unsolved by these second generation drugs. 

The third generation cephalosporins represent further advances to broaden 

the antimicrobial spectrum of these drugs (Table 16). 

Table 16 

THIRD GENERATION CEPHALOSPORIN$ 

Cefot~xime 

Moxalactam 

Cefoperazone 

Ceftizoxime 

Ceftazidime 

Cefsulodin 

Thienamycin 

Cefotiam 

Ceftriaxone 

Ceforanide 

Placement of any of these drugs on the hospital formulary would necessitate 

the microbiology laboratory performing sensitivity studies for each drug. 
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TABLE 17 

SALIENT FEATURES OF THE THIRD GENERATION CEPHALOSPORIN$ 

Cefotaxime 

Moxalactam 

Cefoperazone 

Ceftazidime 

Ceftizoxime 

Cefsulodin 

Th i enamyc in . 

Cefot i am 

Ceftriaxone 

Ceforanide 
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N H,RGF 1.9 5-8 N No dosage adjustment 
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N RGF 1.8 

N R 1.3 

y y R 1. 7 

Nephrotoxic in humans 

N R 7.3 y CSF penetration in rats 
and rabbits > Moxalactam 

RGF T 
' 3.1 N 

Y yes, N no, H hepatic, R renal, 

GF glomerular filtration, T tubular secretion 

not affected by prebenecid, Tp tubular secretion 

affected by probenecid. 
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This would entail additional expense in addition to the considerable cost of 

the drug to the patient. It is estimated that the cost of cefotaxime to the 

patient per gram would approximate $25. One gram of moxalactam would cost 

the patient between $25 to $30. Compiling drug after drug of similar mech-

anism and type on the hospital formulary leads to confusion on the part of 

the physician so that dosage errors occur. An attempt must be made consider-

ing the different needs and usages of the major services of the hospital to 

arrive at a consensus of what constitutes a rational pol icy toward the third 

generation cephalosporins. Since the first drugs to be licensed in the U.S. 

are cefotexiroe, moxalactam and cefoperazone, analysis will be centered on 

these agents. Salient features of all the third generation cephalosporins 

are given in Table 17. Cefotaxime is metabolized to a microbiologically less 

active compound, desacetylcefotaxime. It is not significantly removed by 

hemodialysis and because of its metabolism there is no dosage adjustment ex-

cept with severe impairment of renal function. It has been suggested that 

there is no adjustment in dosage until the creatinine clearance <5; below 

this level the dosage should be reduced 50%. Moxalactam has the best penetra-

tion into the CSF. It has a longer half-life than cefotaxime, is removed 

significantly by dialysis and the dose must be adjusted in fenal failure. 

(Table 18- next page). Cefoperazone is excreted primarily into bile. High 

concentrations are reached in the biliary tract. There is no dosage adjust-

ment in renal failure. Cefoperazone does penetrate the CSF and a patient 

with pneumococcal meningitis has been treated successfully with that drug. 

The treatment of CNS infections has been limited but evidence indicates that 

moxalactam may be effective in sensitive Gram negative bacillary infections. 

A case of pneumococcal meningitis occurring during moxalactam therapy has 



TABLE 18 
-----·----- ··- --------- - - - ----

Maintenance Dosage Guide for Patients with Renal Impairment 

Creatinine Clearance 
ml/min/1.73 mf 

>80 

50-80 

25-50 

2-25 

Renal Function 

Normal 

Mild 
Impairment . 

Moderate 
Impairment 

Severe 
Impairment 

Life-Threatening 
Infections-­

Maximum Dosage 

4 gm q. 8 h. 

3 gm q. 8 h. 

2 gm q. 8 h. 
OR 

3 gm q. 12 h. 

Less Severe 
Infections 

0.5-2 gm q. 

0.5-1 gm q. 

8-12 h. 

8 h. 

0.25-1 gm q. 12 h. 

1 gm q. 8 h. 0.25-0.5 gm q. 8 h. 
OR 

1. 25 gm q. 12 h. 
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<2 0 1 gm q. 24 h. 0.25-0.5 gm q. 12 h. 

been reported. Ceftazidime and cefsulodin have enhanced activity against 

Pseudomonas aeruginosa. Thienamycin has remarkable in vitro antibacterial 

activity and there have only been a few isolates tested that have been re-

sistant (corynebacterium sp.). Human testing has not been reported because. 

of nephrotoxicity in humans. Ceftriaxone has a prolonged half-1 ife as has 

ceforanide. Ceftriaxone has an antibacterial spectrum similar to cefotaxime 

and in experimental animals penetrates the CSF as well or better than mox-

alactam. 

In vitro susceptibility testing reveals that S-lactamase +and- strains 

of H. infZuenzae are susceptible to cefotaxime, moxalactam and cefaperazone. 
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In general, moxalactam was the single best antimicrobial against aerobic 

Gram negative bacilli excluding P. aeruginosa (Table 19 ) . Cefoperazone was 
---- - ---- ·-- -·-· ------ -- - ----

Table i9. Number of strains examined and percentage of cultures inhibited by antibiotic concentrations of 32 
1-lg/ ml or more. Ref. 9 

Percentage of Strains Inhibited by~ 32 ~Jg/ml of Antibiotic 

No. of Cefo- Cefo- M6' I(; Jtf: JtNt Cefur- Cefa- Cefox- Cephalo-
Organism Strains perozvne taxime LYI27935 oxime mandole it in thin 

Escherichia coli 49 2 0 0 0 2 2 10.2 
Klebsiella sp. 37 5.4 0 0 5.4 13 .5 5.4 13.5 
Enterobacter sp. 35 0 11.4 0 22.9 34 .3 91.4 91.4 
Citrobacter freundii 6 0 0 0 0 0 83.3 83 .3 
Serratia sp 26 46.2 0 0 88.5 76.9 30.8 100 
Proteus mirabilis 43 1.6 0 0 14.0 4.7 0 34.9 
Proteus sp (indole-positiveY 18 0 0 0 77.8 50.0 11.1 100 
Salmonella/Shigella sp 29 0 0 0 10.3 3.6 6.9 17.:.! 
Pseudomonas I A eromonas sp 58 8.6 27.6 41.4 100 100 100 100 
Other oxidative-fermentative 

bacteria 21 71.4 28.6 52.4 61.9 61.9 71.4 81.0 

Total (percentage of all 
organisms) 322 11.2% 8.1% 3.4% 39.4% 37 .9% 38.8% 57.8% 

the most active of the three drugs against P. aeruginosa but had 1 imited 

activity against Serratia sp. and Acinetobacter sp. (not shown in the table). 

Moxalactam has lesser activity than cefotaxime and cefoperazone against Gram 

positive cocci (Table· 20). The Enterococcus and Listeria monocytogenes are 

not reliably inhibited by either cefotaxime, moxalactam or cefoperazone. 

Anaerobic bacteria are inhibited by all three antibiotics with perhaps mox-

alactam showing the greatest activity (Table 21). 
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TABLE 20 

-------~-----

Table20. Comparative in vitro activity of seven cephalosporinjcephalosporin-like antibiotics against gram-
positive cocci. Ref. 9 

Geometeric Mean of MIC and Range (~gjml) 

Organism Cefo- Cefo- Cefur- Cefa- Cefox- Cephalo-
(No. of Isolates) perozone taxi me LY127935 oxime mandole it in thin 

Staphylococcus aureus 1.71 1.37 4.41 0.94 0.4 1.78 0.24 
(P'nase positive) (31) 1-2 1-2 4-8 0.5-1 0.25-0.5 1-2 0.125-0.25 

Staphylococcus aureus 1.19 1.13 4.86 0.92 0.30 1.6 0.16 
(P'nase negative) (16) 1-2 1-2 4-8 0.5-1 0.125-1 0.5-4 0.06-0.25 

Streptococcus 0.036 0.003 1.19 0.024 0.092 0.48 0.013 
pneumomae (16) 0.015-0.25 < 0.003- 0.03 0.5-4 < 0.003-0.125 0.03-0.25 < 0.003-2 0.003-0.06 

Beta-hemolytic 0.12 0.002 0.62 0.01 0,07 0.81 0.035 
streptococci 0.06- 0.25 < 0.003- 0.007 1-4 0.007- 0.015 0.03- 0.125 0.5- 1 0.015- 0.06 
group A (13) 

Beta-hemolytic 0.25 O.D3 21.4 0.059 0.13 2.99 0.17 
streptococci 0.125- 0.5 < 0.003-0.125 1-32 0.007-0.5 0.03-0.5 0.5-8 0.015-0.5 
non group A (12) 

Enterococci (30) 14 .9 14.9 512 46.2 26 388 26 
8-32 1-> 250 > 250 8-> 250 8-64 32-> 250 8-> 250 

All three drugs appear safe but a summary of the published figures 

(Table 22) causes some skepticism that complications are being under-re-

ported . No cases of pseudomembranous enterocolitis were reported. The 

increased prothrombin time was corrected by vitamin K administration and 

was due to antibiotic induced altera tions in bowel flora in persons thought 

to have diminished body stores of that vitamin. Ethanol fntolerance with a 
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TABLE 21 

Table 2.l.Comparative activity of beta-lactam antibiotics against anaerobic bacteria. Ref. 9 

No. of MIC Range 50% MIC 90%MIC 
Organism Isolates Antibiotic (~o~gfml) (~o~g/ml) (~o~gfml) 

Bacteroides fragilis 86 Cefoperazone 0.5-128 16 32 
Cefoxitin 0.5-128 4 8 
LY127935 s .125-256 I 32 
Cefotaxime 0.5-256 4 64 
Cefamandole 2-> 256 64 256 
Cephalothin 2-> 256 64 256 

Bacteroides 10 Cefoperazone s 0.125-8 0.5 2 
melaninogenicu.s Cefoxitin 0.5-2 I 2 

LY127935 s 0.125-8 0.5 2 
Cefotaxime s 0.125-2 0.5 I 
Cefamandole s 0.125-64 4 16 
Cephalothin s 0.125-64 4 32 

Bacteroides biviu.s 20 Cefoperazone 0.5-8 I 4 
disien.s Cefoxitin 0.5- 8 2 4 

LY127935 0.5-16 2 8 
Cefotaxime s 0.125-8 0.5 8 
Cefamandole 0.5-16 2 16 
Cephalothin 0.5-32 4 16 

Other Bacteroides sp 9 Cefoperazone s 0.125-8 I 8 
Cefoxitin s 0.125-1 6 2 8 
LY127935 S0.125-1 0.5 I 
Cefotaxime s 0.125-8 I 8 
Cefamandole s 0.125-32 4 32 
Cephalothin s 0.125-64 8 64 

Fusobacterium sp 8 Cefoperazone s 0.125-0.5 S0.125 0.5 
Cefoxitin s 0.125- 1 s 0.125 I 
LY127935 s 0.125- 1 0.5 I 
Cefotaxime s 0.125-1 S0.125 I 
Cefamandole s 0.125-2 0.5 2 
Cephalothin s 0.125-2 I 2 

Clostridium sp 14 Cefoperazone s 0.125-0.5 s 0.125 0.5 
Cefoxitin S0.125-l s 0.125 I 
LY127935 s 0.125-1 0.5 I 
Cefotaxime s 0.125-1 s 0.125 I 
Cefamandole s 0.125-2 0.5 2 
Cephalothin s 0.125-2 I 2 

Peptostreptococcus sp 8 Cefoperazone s 0.125-8 I 8 
Peptococcu.s sp Cefoxitin S0.125-16 2 8 

LY127935 s 0.125-1 0.5 I 
Cefotaxime s 0.125-8 I 8 
Cefamandole s 0.125-32 4 32 
Cephalothin s 0.125-64 8 64 



TABLE 22 

THIRD GENERATION CEPHALOSPORIN$ 

SIDE - EFFECTS 

# patients 

Hypersensitivity reactions (%) 

Rash 

+ Coombs test 

Thrombophlebitis 

t SGOT, SGPT 

Diarrhea 

t prothrombin time 

Eosinophilia 

Leukopenia 

ETOH intolerance 

Overgrowth of resistant 

bacteria &/or fungi 

Cefotaxime 

2500 

2.2 

6.0 

0.5 

0.4 

0.1 

0.1 

Moxalactam 

1680 

3.2 

1.3 

2.4 

2.5 

2.1 

0.4 

1.5 

0.2 

0.1 
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Cefoperazone 

521 

2.9 

2.9 

0. 1 

2.3 

disulfuram mechanism was found in one person receiving moxalactam. More im­

portant is the overgrowth of resistant organisms and suprainfection. Supra­

infections with Enterococcus, Pseudomonas aeruginosa and fungi should be 

expected and may be a limiting factor in therapy. The development of resist­

ance during therapy has been poorly studied for each of the three drugs. 
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CONCLUSION. 

Cefotaxime, moxalactam & cefoperazone represent advances in the therapy 

of bacterial infections. To choose between them is difficult but requires 

setting up goals about what can and should be accomplished by placing one of 

these antibiotics on the for mulary at a particular institution. Two attain­

able goals at PMH are: 1) to diminish aminoglycoside usage and the attendant 

risks of nephrotoxicity and ototoxicity and 2) to treat Gram negative bacil­

lary infections of the central nervous system more effectively. Although 

moxa lactam is not without its drawbacks, it is the most effective antibiotic 

against aerobic Gram negative bacilli, except for P. aeruginosa. This would 

include bacteria presently that are resistant to aminoglycoside drugs. 

Moxalactam also penetrates the CSF most effectively and studies increasingly 

suggest its utility in neonatal meningitis and in Gram negative bacillary 

meningitis in the neurosurgical patient. 

P. aeruginosa is a pathogen that overall would not be treated well with 

moxalactam but the future addition of a drug like ceftazidime to the formulary 

or one of the ureide-penicillins (piperacillin, azlocillin or mezlocillin) 

plus continued usage of the aminoglycoside antibiotics should be considered as 

further steps to help contain that organism. 

If moxalactam is accepted on the formulary, its use should be restricted 

because of its expense and until further experience can be gained with the 

compound. One potential way to restrict its use initially would be to perform 

susceptibility studies only on Gram negative bacteria that are . isolated from 

the CSF and others that are found resistant to the first and second genera ­

tion cephalosporin compounds (cephalothin , cefamandole and cefoxitin). Since 

antibiotic audits have been mandated by the JCAH, the introduction of moxala­

ctam into the hospital would be an ideal setting for a prospective audit so 
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that physicians can learn in an ongoing manner how best to use the drug and 

to correct mistakes in its use. Further experience with the drug should 

enable physicians to select specific problems in which the drug might be 

used empirically. 



References 

l. Abstracts. 12th International Congress of Chemotherapy. Florence, 
Italy 19-24 July 1981. International Society of Chemotherapy, 1981, 
pp l-301 . 

49 

2. Cefoperazone: A Clinical Review. Program and Abstracts. Cefoperazone 
Symposium & ICAAC Abstracts, New Orleans, La. Sept. 21, 1980. Excerpta 
Medica 1980~ pp l-26. 

3. Cefotaxime: A New Cephalosporin Antibiotic. Eds. A.M. Geddes, J.F. 
Acar & H. Knothe. The J. of Antimicrobial Chemotherapy. 6(Suppl. A) 
The British Society for Antimicrobial Therapy. Academic Press (London) 
Sept. 6, 1980, pp 1-303 . 

4. Current Chemotherapy and Infectious Disease. Proceedings of the 11th 
International Congress of Chemotherapy and the 19th lnterscience Con­
ference on Antimicrobial Agents and Chemotherapy. Vol. 1. 1-5 Oct. 
1979, Boston, Mass. Eds. John D. Nelson and Carlo Grassi. The Amer­
ican Society for Microbiology, Washington, DC, 1980, pp 1-1764. 

5. FK 749 (SK&F 88373-Z) Investigational Use Circular. Confidential. 
Research & Development Division, Smith Kline & French Laboratories. 
Nov. 1979, pp 1-35. 

6. Future Prospect s and Past Problems in Antimicrobial Therapy: The Role 
of Cefoxitin. A Symposium Held at the Harvard Club of Boston, Boston, 
Mass. May 24-25, 1978. Eds. E.H. Kass, and D.A. Evans. Reviews of 
Infectious Diseases. l(l): Jan-Feb, 1979, pp 1-244. 

7. Moxalactam. Investigator's Monograph. Lilly Research Laboratories­
! nd i anapo 1 is, Indiana, pp l-116. 

8. Program and Abstracts. 20th lnterscience Conference on Antimicrobial 
Agents and Chemotherapy 22-24 Sept. 1980 New Orleans, La . American 
Society for Micropiology, pp 1- 768. 

9. Special Issue on Cefoperazone Sodium: Proceedings of the First Inter ­
national Symposium Boston, Oct. 1979 . Co-Chairmen: Dr. Harold Neu & 
Dr. Yasushi Ueda. Clinical Therapeutics l= 1980, pp 1-208. 

10. Symposium on Cefamandole . Boca Raton, Florida March 17-19, 1977. 
Ed. Robert C. Moellering, Jr. J . Infect. Dis . .!l_(Suppl): .'_ May 1978, 
pp Sl-S194. 

11. Brogden, R.N., Heel, R.C. et al. Cefoxitin: A review of its anti­
bacterial activity, pharmacological properties and therapeutic use. 
Drugs .!l_, 1979, pp 1-37. 

12. Delgado, D.G., Brau, C.J. et al. Clinical and laboratory evaluation of 
cefamandole in the therapy of Haemophilus spp. bronchopulmonary infec­
tions. Antimicrob. Agents & Chemother. li(6): June 1979, pp 807-812. 



50 

References - cont 1 d. 

13. Farrar, W.E., Jr. and Gram] ing, P.K. Anti staphylococcal activity and 
S-Lactamase resistance of newer cephalosporins. The J. of Infect. Dis. 
133(6): June 1976, pp 691-695. 

14. Greenberg, R.N., Scalcini, M.C. et al. Cefamandole therapy in anaerobic 
infections. Antimicrob. Agents & Chemother. li(3): Mar. 1979, pp 337-
341. 

15. Greenwood, D., Pearson, N.J. & 0 1 Grady, F. Cefuroxime: a new cephalo­
sporin antibiotic with enhanced stability to enterobacterial S-lact­
amases. J. Antimicrob. Chemother. ~. 1976, pp 337-343. 

16. Griffith, R. S., Black, H.R. e t al. Cefamandole: In Vitro and clinical 
pharmacokinetics. Antimicrob. Agents & Chemother. ~(5): Nov. 1976, 
pp 814-823. 

17. Hall, W.H., Opfer, B.J. & Gerding, D.N. Comparative activities of the 
Oxa-S-Lactam LY 127935, cefotaxime, cefoperazone, cefamandole, and 
ticarcillin against multipe-resistant gram-negative bacilli. Antimicrob. 
Agents & Chemother. l[(2): Feb. 1980, pp 273-279. 

18. Hinkle, A.M., LeBlanc, B.M. & Bodey, G.P. 
perazone. Antimicrob. Agents & Chemother. 
427. 

In Vitro evaluation of cefo­
l[(3): Mar. 1980, pp 423-

19. Hoesprich, K.D. & Huston, A.C. Induction of resistance in staphylococcus 
aureus and KZebsieZZa pneumoniae by exposure to cephalothin and cefotoxin. 
The J. Infect. Dis. 133(6): June 1976, pp 681-685. 

20. Lang, S.D.R., Edwards, D.J. & Durack, D.T. Comparison of cefoperazone, 
cefotaxime, and moxalactam (LY127935) against aerobic gram-negative 
bacilli. Antimicrob. Agents & Chemother. l[(3), Mar 1980, pp 488-493. 

21. Markowitz, S.M. and Sibella, D.J. Comparative susceptibilities of 
clinical isolates of Serratia marcescens to newer cephalosporins, alone 
and in combination with various aminoglycosides. Antimicrob. Agents & 
Chemother. ~(5): Nov. 1980, pp 651-655. 

22. Miki, F. and Shiota, K. Cefotaxime in lower respiratory tract infec­
tions compared to cefazolin. J. Antimicrob. Chemother. ~(Suppl. A), 
pp 169-175. 

23. Minor, M.R., Sande, M.A., et al. Cefamandole treatment of pulmonary 
infection caused by gram-negative rods. J. Antimicrob. Chemother. 2: 
1976, pp 49-53. 

24. Mohr, J.A., Griffiths, W., et al. 
during cephalosporin prophylaxis. 

Clostridial myonecrosis (•Gas Gangrene•) 
JAMA 239(9), Feb. 27 1978, pp 847-849. 



51 

References - cont'd 

25. Neu , H. C., Aswapokee, N. et al. Antibacterial activity of a new 1-0xa 
cephalosporin compared with that of other S-Lactam compounds. Antimicrob. 
Agents & Chemother. ~(2): Aug. 1979, pp 141-149. 

26. Norrby, R. Newer cephalosporins and cephamycins--A review . Scand. J. 
Infect. Dis . Suppl . ll• 1978, pp 83-87. 

27. Schurman, D.J., Hirsham, H.P. & Borton, D. S. Cephalothin and cefamandole 
penetration into bone, synovial fluid , and wound drainage fluid. The J. 
Bone & Joint Surgery~ Inc. 62-A(6): Sept. 1980, pp 981-985. 

28. Shelton, S. , Nelson, J . D. & McCracken, G.H., Jr . In Vitro susceptibility 
of gram- negative bacilli from pediatric patients to moxalactam, cefo­
taxime, Ro 13-9904, and other cephalosporins. Antimicrob. Agents & 
Chemother. ~. Sept. 1980, pp 476-479. 

29. van Winzum, C. Clinical safety and tolerance of cefoxitin sodium: an 
overview. J. Antimicrob. Chemother. ~(Suppl. B), 1978, pp 91-104. 

30. Watanakunako r n , C. and Glotzbecker , C. Comparative In Vitro activity of 
LY 127935 (60 59-S ), seven cephalosporins, three aminoglycosides , carbeni ­
cillin, and ticarcill in. The J. of Antibiotics XXXI I :10, Oct. 1979, 
pp 1019- 1024. 

31. Young, J.P.W., Husson, J . M. et al. The evaluation of efficacy and safety 
of cef otaxi me : a review of 2500 cases. J. Antimicrob. Chemother. ~:Suppl. 
A. , 1980, pp 293-300. 


