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TH E problem of adverse antibiotic reactions should be a concern to all 
physicians. Life-threatening and morbidity-causing factors of antibiotic 

therapy are largely direct toxic or allergic reactions. Idiosyncratic reactions 
and individual intolerance to antimicrobial agents may be serious, and aware-
ness of these phenomena may often prove lifesaving. T h e possibility of 
adverse effects of antimicrobial agents must be considered at the time of 
initiating administration. Physicians must now be concerned not only with 
the infections they are treating but also with the diseases that may be created 
by treatment. 

It is not within the scope of this paper to consider all the adverse reactions 
to antibiotic therapy. Rather than the usual approach to the subject of 
antibiotic complications whereby the antimicrobial agents are itemized 
with their numerous individual toxic effects, specific major organ systems 
were selected and the significant untoward reactions related to them (Table 
1) are discussed. 

Neurotoxicity 

Vestibular ototoxicity. Vestibular dysfunction of the eighth cranial nerve 
may be produced by streptomycin and gentamicin. This toxic effect manifests 
itself on the sensory cells of the vestibular organ. Vertigo and its accompany-
ing signs and symptoms occur in the acute stage that is followed by a chronic 
phase with ataxia as the most prominent feature. Fortunately, adaptat ion to 
the dysequilibrium is accomplished by the use of visual cues and deep 
proprioceptive sensation for determining movement and position. Recovery 
may be delayed for many months and in some patients there may be per-
manent residual damage. T o avoid this complication, both total daily 
dosage and durat ion of therapy must be carefully considered. W i t h gen-
tamicin therapy this complication appears to be related to excessive con-
centrations of the drug in plasma, rather than to the duration of therapy or 
to the total quantity of drug administered.1 ' 2 Existing renal impairment 
predisposes to elevated concentrations in plasma of both streptomycin and 
gentamicin, and great care must be observed in using these antibiotics in 
uremic patients. 

Auditory ototoxicity. Deafness is a potentially catastrophic complication 
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f r o m a significant n u m b e r of antibiotics. Dihydrostreptomycin was one of 
the early agents no ted to have this effect. Since deafness is a more calamitous 
complicat ion than vest ibular dysfunct ion, d ihydrost reptomycin has largely 
been a b a n d o n e d for s t reptomycin when there is clinical indica t ion for the i r 
use.3 

Neomycin when parentera l ly adminis tered causes irreversible audi tory 
dysfunct ion. In t ramuscu la r use of neomycin has decl ined since the advent of 
more appropr i a t e agents. I t mus t also be apprec ia ted tha t ototoxicity is a 
possibility wi th the use of neomycin as an aerosal, i r r igat ing agent, and 
topical appl ica t ion to absorpt ive surfaces such as cutaneous burns . I t should 
no t be adminis tered orally in doses of more t han 4 g, especially in pa t ien ts 
wi th ulcerat ive bowel disease or renal disease, since concentrat ions in the 
serum may reach sufficiently h igh levels to cause toxic effects. 

Kanamycin also has the capacity to cause irreversible deafness which 
may be delayed in onset. Even wi th no rma l rena l func t ion the r ecommended 
dosage of 12 to 15 mg per k i logram of body weight pe r 24 hours may prove 
to be ototoxic when the d u r a t i o n of therapy and total dosage of the d r u g 
are excessive. O n e should be re luc tan t to use this agent for more t han two 
weeks o r in doses of more t h a n 500 mg at 12-hour intervals. Pat ients wi th im-
pai red renal func t ion accumula te h igher concentrat ions in the serum and 
consequent ly have a m u c h higher risk of ototoxicity. Grea t care must be 
taken in the adminis t ra t ion of this agent to pat ients wi th renal dysfunct ion, 
and the recommended guidel ines for therapy should be careful ly observed.4 

Vancomycin is a highly effective agent for t rea t ing severe staphylococcal 
infections, b u t current ly is i n f requen t ly used since the advent of penicillinase-
resistant penicil l ins and cephalo th in . Vancomycin also can cause total a n d 
p e r m a n e n t deafness, and rena l func t ion must be carefully moni to red d u r i n g 
therapy wi th this agent. 

I t is recommended tha t these ototoxic drugs should n o t be used concur-
rent ly or sequentially if avoidable, because of possible po ten t i a t ing effects. 

Optic neuritis. I m p a i r m e n t of vision secondary to optic neur i t i s has been 
repor ted af te r the use of streptomycin and also chloramphenicol. Wa lke r 5 

reviewed the l i te ra ture concerning this complicat ion associated wi th these 
two antibiotics. T h e visual complaints ranged f rom b lur red vision to com-
plete loss of sight. For tunate ly the significant complicat ion was largely rever-
sible i n most pat ients bu t there was some residual impa i rmen t in a small 
n u m b e r of patients. 

Neuropathy. Chloramphenicol, a f ter prolonged admin is t ra t ion of large 
doses, may cause per iphera l neurotoxici ty manifes ted by paresthesias a n d 
hyperesthesias.6 Po lyneuropa thy is a ra re manifes ta t ion of nitrofurantoin 
toxicity, which appears to be re la ted to high dosage and prolonged therapy, 
par t icular ly in pat ients wi th impai red renal function.7- 8 

Per iphera l neuri t is has also been a t t r ibu ted to the use of streptomycin, 
neomycin, kanamycin, polymyxin B, colistin, and amphotericin B. Pares-
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thesias usually affecting the cicumoral and acral regions may be an adverse 
effect of these drugs. This reaction is a reversible and not serious complica-
tion but is of considerable annoyance to the patient. 

Neuromuscular blockade. Neuromuscular blockade is a significant and 
potentially life-threatening complication when it progresses to respiratory 
paralysis. This was initially observed after the intraperitoneal administration 
of neomycin during surgery, and was the result of absorbed neomycin and not 
of the intraperitoneal route of administration.9 Streptomycin as well as 
neomycin potentiates the effects of other neuromuscular blockading agents 
such as ether and d-tubocurare and these effects are antagonized by neo-
stigmine. 

T h e neuromuscular blockade produced by kanamycin differs in that it 
is similar to that produced by succinylcholine and therefore neostigmine may 
worsen the blockade. Polymyxin B and colistin also produce a noncom-
petitive blockade which is neostigmine-resistant. Polymyxin B10 and colistin11 

cause respiratory arrest after as little as a single dose or after prolonged 
treatment. I t is often preceded by dyspnea and restlessness and other central 
nervous system symptoms. Intravenous injections of calcium have been re-
ported to be effective in the treatment of respiratory paralysis associated with 
these two antibiotics, but the primary treatment is controlled ventilation 
unti l the effect subsides. 

All the antibiotics capable of causing neuromuscular blockade should 
be avoided in anesthetized patients, and care used in the concomitant ad-
ministration of sedatives and narcotics; they are contraindicated for patients 
with myasthenia gravis. 

Miscellaneous neurotoxic reactions. Tetracycline may be a cause of in-
creased intracranial pressure as manifested by bulging of the fontanel in in-
fants.12 This benign but alarming reaction disappears promptly on cessation 
of therapy with the drug. Knowledge of this possible complication with 
tetracycline therapy is important since the differential diagnosis of this con-
dit ion often involves life-threatening diseases. 

Cerebral toxicity may be associated with massive intravenous injections 
of penicillin,13 It is well known that penicillin is epileptogenic when injected 
directly into the central nervous system, and this has restricted its subarach-
noid and intraventricular administration. Intravenous doses of penicillin in 
excess of 25 million units daily, particularly in the elderly and in those with 
renal impairment, may produce a syndrome of decreased consciousness, 
myoclonic jerking, and grand mal seizures.14-15 When penicillin therapy is 
discontinued or the dosage reduced, improvement usually occurs dur ing the 
subsequent 24 hours. 

Amphotericin B has been reported to cause a neurotoxic syndrome that 
consists of tremor, incontinence, mental clouding, flaccid paralysis of arms 
and legs, and weakness of respiratory muscles.16 
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Hematotoxicity 

Among the blood dyscrasias that may be associated with the use of anti-
biotics are aplastic anemia, agranulocytosis and leukopenia, thrombocyto-
penia, and hemolytic anemia. T h e most serious of these are aplastic anemia 
and agranulocytosis because of their frequency of occurrence and their high 
fatality rate. 

Aplastic anemia. Chloramphenicol is now the leading single cause of drug-
induced aplastic anemia in man. A distinction, however, should be made 
between the reversible hematopoietic depression that frequently accompanies 
chloramphenicol therapy and the aplastic anemia that results f rom the 
administration of this drug.17 Reversible toxicity from chloramphenicol is 
a pharmacologic action of the drug which can be induced in most if not 
all patients receiving large doses of the antibiotic, and is characterized by 
anemia with or without leukopenia or thrombocytopenia, all of which are 
usually reversible when administration of the drug is discontinued.18 There 
may be temporary morphologic changes in the erythrocyte maturat ion series 
including intranuclear and cytoplasmic vacuolization. T h e biochemical 
mechanism for this effect is not well understood. Monitoring of certain blood 
tests such as the leukocyte and differential count and the serum concentra-
tion of iron may alert the physician to the development of this complication. 
Depression of the bone marrow may be more prevalent in patients receiving 
chloramphenicol who have hepatic and renal insufficiency.19 

Even less understood is the mechanism by which chloramphenicol causes 
irreversible bone marrow aplasia. This type of toxicity may have a late onset, 
is not necessarily related to dosage, and is characterized by an aplastic bone 
marrow, pancytopenia, and often a fatal outcome. Oxymethalone therapy may 
help to promote a reversal of the aplasia due to chloramphenicol. There is 
no indication that this disastrous complication of chloramphenicol therapy is 
related clinically or pathogenetically to the reversible erythropoietic lesion 
from the drug. Bone marrow aplasia is rare, with no definite relationship to 
drug dosage, and an individual susceptibility is the more likely basic mecha-
nism involved. Precautionary blood monitoring determinations are of little 
predictable value. T h e most important step, therefore, in preventing bone 
marrow aplasia f rom chloramphenicol is not the monitoring of its administra-
tion but the careful selection of the use of this agent for serious infections for 
which no other drug is likely to be effective, and repeated courses should be 
avoided if possible. Chloramphenicol is a highly effective antibiotic, but 
fortunately there are now a number of available substitutes for this agent. In 
the rare life-threatening situation for which there is no satisfactory substitute, 
chloramphenicol must certainly be employed. 

Agranulocytosis and leukopenia. T h e sulfonamides cause agranulocytosis 
by an immune phenomenon, with a direct myelotoxic effect evident in the 
arrest of bone marrow maturat ion at the myeloblast stage. T h e granulocyto-
penia is not related to dosage or blood content of the drug, and the reaction 
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may appear suddenly or after a period of progressive neutropenia. Fortu-
nately, most patients recover spontaneously with supportive care, but the 
return of granulocytes to normal levels may be considerably delayed after 
withdrawal of drug administration. 

Chloramphenicol may at times cause this selective bone marrow depres-
sive reaction without effect on the other marrow elements. 

Bone marrow depression with significant neutropenia has been reported 
secondary to methicillin administration.20- 21 This toxic effect was reversible 
in all patients after cessation of therapy. 

Thrombocytopenia. T h e sulfonamides and chloramphenicol have been 
noted to cause thrombocytopenia, which is infrequent and usually a minor 
adverse hematologic drug reaction. T h e exact mechanism is not always 
understood, bu t in many instances is caused by an immune reaction. T h e 
presenting signs usually are petechiae, easy bruising or bleeding. Bleeding 
f rom drug-related thrombocytopenia seldom is severe, and recovery is usually 
rapid after use of the drug has been discontinued. 

Hemolytic anemia. Sulfonamides and nitrofurans are the notable anti-
biotics causing hemolytic anemia. These agents are among a long list of 
hemolytic oxidant drugs that activate this process in patients whose erythro-
cytes are deficient in the enzyme glucose-6-phosphate dehydrogenase. Patients 
with this genetic deficiency in the erythrocytes are unable to generate tri-
phosphopyridine nucleotide in its reduced form, and as a result are unable 
to produce reduced glutathione, and these metabolites are necessary to 
reverse the oxidation of hemoglobin. T h e erythrocytes are unable to tolerate 
the concentration of the drugs produced by ordinary therapeutic doses. 
Hemoglobin is oxidized and, by mechanisms not entirely understood, the 
erythrocyte is hemolyzed.22 Hemolysis by these drugs is not entirely limited to 
patients with this enzyme deficiency and can occasionally occur in other 
patients when the concentration of the drug is sufficiently high.23 High 
concentrations of the drug in the blood may be related to excessive dosage or 
to delayed excretion due to renal insufficiency. In addition to causing hemol-
ysis, ni t rofurantoin may occasionally cause an associated megaloblastic 
erythropoiesis.24 

Penicillin-induced immunohemolytic anemia with the administration of 
large doses of penicillin has been reported.2®- 26 This anemia is accompanied 
by reticulocytosis, hyperbilirubinemia, a decrease in the erythrocyte life span, 
and a strongly positive direct Coombs' test. T h e serum of these patients is 
found to have a circulating antipenicillin antibody that is capable of 
mediating a hemolytic anemia. 

Cephalothin has been noted to cause a positive direct Coomb's test in 
many patients and particularly in those with poor renal function.2 7 T h e 
significance of this reaction as a cause of hemolytic anemia is not clear at this 
time. 

Miscellaneous hematotoxic reactions. In most patients receiving ampho-
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tericin B therapy a severe anemia develops. T h e anemia appears to be re la ted 
to therapy and no t to the under ly ing funga l infection, since it develops 
despite clinical improvement and remits when use of the d r u g is s topped. 
Anemia also precedes the azotemia tha t may occur du r ing t rea tment . I t has 
been pos tu la ted tha t this anemia is a consequence of defective reut i l iza t ion of 
iron.2 8 

T h e tetracyclines have been shown to be able to in ter fere wi th b lood 
coagulation, par t icular ly in pat ients w h o have o ther intr insic tendencies to 
bleed. T h e s e agents apparent ly alter the physicochemical characteristics of 
the blood l ipoproteins and thereby affect l ip id factors essential for the nor-
mal blood-clott ing process.29 Ant imicrobia l agents tha t have been associated 
wi th a slight increase in the p r o t h r o m b i n t ime include the penicil l ins, novo-
biocin, and sulfonamides. 

Hepa to tox ic i ty 

Numerous agents inc luding several antibiotics used in the t r ea tmen t of in-
fectious diseases may produce hepat ic dysfunct ion with or wi thou t j aundice . 
I t has been observed tha t the tetracyclines may i n j u r e the liver, and t h a t i n 
pat ients receiving large doses orally or intravenously clinical evidence of 
hepat ic dysfunct ion developed, and tha t microscopic study of the liver re-
vealed fine vacuoles, cytoplasmic changes, and an increase in fat .3 0 Most 
reactions of this type develop in pat ients receiving 2 g or more of the d r u g per 
day parenteral ly; however, this effect may also occur when large quant i t i es 
are adminis tered orally or wi th a combina t ion of the two modes of admin-
istration. 

Six obstetric pa t ien ts t reated wi th large in t ravenous in jec t ions of 
tetracycline all died af ter the development of nausea, vomit ing, fever, 
jaundice, acidosis, azotemia, and terminal hypotension.3 1 Necropsy revealed 
fine-droplet fat ty metamorphosis of all por t ions of the liver lobule, b u t 
no evidence of in f lammat ion or bil iary obstruct ion. 

Azotemia may considerably increase the content in serum of the tetra-
cyclines, and therefore great care mus t be taken in their adminis t ra t ion in 
pat ients wi th renal insufficiency, so as to protect against the possibility of 
hepatotoxici ty. Pat ients wi th preexis t ing hepat ic disease w h o received tetra-
cycline were f o u n d on biopsy to have an increase in fat in the liver.32 T h e 
chances of hepatotoxic i ty f r o m tetracycline adminis t ra t ion appear to be 
related to daily dosage, du ra t i on of therapy, pregnancy, under ly ing hepa t ic 
disease, con jo in t use of other hepatotoxic drugs, and impai red rena l func-
t ion. 

Erythromycin estolate, which is the lauryl sulfate salt of erythromycin 
propr ionate , may p roduce hepat ic dysfunct ion which generally has occurred 
af te r one or two weeks of cont inuous therapy or af ter several courses of the 
drug.3 3 T h e absence of reports of j aundice wi th o ther forms of erythromycin 
suggests tha t the hepatotoxici ty is specific for this ester. Jaundice , a b n o r m a l 
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results of liver f u n c t i o n tests, and eosinophil ia may occur which usually sub-
side rap id ly w h e n use of the d r u g is discont inued. T h e effect seems to be one 
of in t rahepa t ic cholestasis resul t ing f r o m a f o r m of sensitization. T h a t hyper-
sensitivity is responsible for this syndrome is suggested by its rar i ty, t ha t it 
usual ly does n o t appear wi th first exposure to the d r u g unless i t is con t inued 
for 10 or more days, and because it is no t related to dosage. 

Triacetyloleandomycin has been f o u n d to impa i r hepat ic func t ion in 
a r a the r large n u m b e r of pat ients receiving this d r u g for two weeks or 
longer, a l though the deve lopment of j aund ice is in f requen t . 3 4 T h e dosage 
of medicat ion in these pat ients was not above the a m o u n t usually recom-
mended . T h e abnormal i t ies were demonst ra ted by impa i red sulfobromo-
ph tha le in excretion, abno rma l cephal in flocculation test, and elevated serum 
g lu tamic oxalacetic t ransaminase and serum glu tamic pyruvic t ransaminase 
concentrat ions. I n pa t ien ts w i thou t jaundice, these liver f unc t i on tests 
rap id ly r e t u r n to no rma l wi th in a week af te r wi thdrawal of use of the drug, 
a l though the cepha l in flocculation test may remain abno rma l in some pa-
tients for a few add i t iona l weeks. Labora tory tests and biopsy studies indicate 
t ha t the type of hepat ic abnormal i ty and the j aund ice have hepatocel lu lar 
as well as cholestatic features. 

Novobiocin in a small percentage of pat ients may cause a yellow dis-
colorat ion of the skin, sclera, and serum, with this effect being ascribed to the 
presence of a yellow p igmen t p roduced by the metabol i sm of novobiocin.3 5 

I n infants , though, there appears to be some possibility of neona ta l hyper-
b i l i rub inemia d u r i n g novobiocin adminis t ra t ion, suggestive of interference 
of the d r u g wi th b i l i rub in metabolism. 3 6 

Sulfonamides and amphotericin B may occasionally provoke hepat ic in-
ju ry a n d fai lure, and the available da ta suggest tha t the hepa t ic lesion is 
characterized by hepatocel lu lar damage wi th toxic degenerat ion.3 7 ' 38 

Elevation of the se rum glutamic pyruvic t ransaminase concent ra t ion 
has been repor ted wi th the use of a considerable n u m b e r of antibiotics, in-
c luding ampicillin, oxacillin, cloxacillin, lincomycin, colistin, cephalothin, 
and nalidixic acid, b u t the exact significance is no t clear. 

Nephro tox ic i ty 

A large n u m b e r of antibiotics currently in clinical use have a potent ia l ly 
nephro tox ic effect. These ant imicrobia l agents are of great va lue i n t rea t ing 
pat ients wi th serious sepsis. I t is fo r tuna te tha t the nephrotoxic i ty of these 
drugs appears to be largely reversible, providing their adminis t ra t ion is dis-
con t inued soon enough. I t is essential tha t when these agents are admin-
istered tha t r ena l f unc t i on be regularly moni tored . Pat ients having preexist-
ing rena l disease appear to be par t icular ly sensitive to many of these agents, 
b u t even uremic pat ients should not be denied the lifesaving effects of these 
drugs when they are indicated, and they can be given unde r these circum-
stances p rov id ing the principles of modif ied dosage schedule are closely 
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followed. T h e concomitan t use of renal toxic agents should be avoided or 
should be unde r t aken wi th great caut ion. 

Kanamycin a n d neomycin are closely related both chemically and in 
ant imicrobial action. Since neomycin has a higher degree of toxicity in 
general, kanamycin has vir tually replaced neomycin for paren te ra l use. T h e 
renal lesion p roduced by these antibiotics pr imar i ly involves the p rox ima l 
convoluted tubules, a n d clinically is evidenced by a decrease in g lomerular 
filtration rate, in p a r a a m i n o h i p p u r i c acid clearance, and in max imal t u b u l a r 
concentrat ion. 

Polymyxin B a n d colistin, chemically closely related antibiotics, may be 
considered together. Bo th are potential ly nephrotoxic , and the m a i n differ-
ences are in s t ruc ture and dosage. These drugs also p roduce p rox imal t u b u l a r 
necrosis, a l though they are fairly well tolerated in pat ients wi thou t preexist-
ing rena l impa i rmen t . I n azotemic pat ients receiving these drugs an a l a rming 
increase in serum creat in ine and blood urea n i t rogen may develop, wi th 
only a slow r e t u r n to no rma l values af ter therapy has been discont inued or 
reduced.3 9 . 4 0 

Gentamicin was observed to cause renal t ubu la r necrosis i n dogs d u r i n g 
acute toxicity studies.4 1 Adverse renal reactions have also been observed in 
a small percentage of pat ients receiving this antibiot ic.4 2 Mon i to r ing of rena l 
func t ion should be carried out when adminis ter ing this ant ibiot ic , and 
considerable cau t ion exercised in its use when there is preexis t ing rena l 
impai rment . 

Cephaloridine is capable of p roduc ing adverse effects on the kidneys; 
however, such effects are i n f r equen t when the r ecommended dosages of 4 g 
or less daily are adminis te red to pat ients wi thou t preexist ing renal impair-
ment . 4 3 Rena l func t ion should be followed d u r i n g therapy and use of the 
d r u g discont inued should impa i rmen t develop. Cephalor id ine should be used 
cautiously in pa t ien ts wi th azotemia. 

Bacitracin has no tab le nephrotoxic propert ies destructive bo th of the 
p rox imal and of the distal convoluted tubules. Formerly it was f requen t ly 
used parenteral ly in the t rea tment of penicill in-resistant staphylococcal in-
fections, however, w i th the cur ren t availabili ty of more effective a n d less 
toxic agents the therapeut ic role of bacitracin for paren te ra l therapy has 
largely been supplan ted . 

Amphotericin B is the only available d r u g effective in p revent ing dea th 
f r o m a n u m b e r of serious systemic funga l infections and therefore cont inues 
to be widely used despite numerous toxic propert ies . T h e accepted nephro-
toxicity of amphote r i c in B is under l ined by the fact tha t the daily dosage 
of the d rug is usually governed by the degree of azotemia present r a the r t h a n 
by the therapeut ic response of the pat ient . T h e clinician's decision to use 
this d r u g must be m a d e wi th the fu l l unde r s t and ing tha t impa i red rena l 
func t ion and damaged rena l s t ructure occur in most patients . Amphote r i c in 
B produces renal vasoconstriction and reduc t ion in renal blood flow, which 

All other uses require permission.
 on May 24, 2023. For personal use only.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


68 VanOmmen 

may be an i m p o r t a n t factor in the g lomerular and tubu la r damage and cal-
c ium deposi t ion no ted in pat ients a f te r they have received this agent.4 4 R e n a l 
func t ion may improve af ter cessation of therapy, bu t there of ten are various 
degrees of p e r m a n e n t residual damage. 

T h e ingest ion of deter iorated ou tda ted tetracycline has been observed 
to cause a syndrome of nausea, vomit ing, pro te inur ia , acidosis, glycosuria, a n d 
amino-acidur ia in patients.4 5 ' 46 R e n a l biopsy in such cases47 reveals severe 
t ubu la r changes. T h e glomerul i are also afEected, and this explains the 
massive pro te inur ia . T h i s pathologic process resembling the Fancon i syn-
d rome appears to be entirely reversible in f r o m four to six weeks af ter 
wi thdrawal of use of the antibiotic. T h e possibility of this potent ia l ly serious 
renal toxic effect dictates tha t the physician no t prescribe tetracycline in an 
a m o u n t to exceed tha t needed for a single illness, and tha t the pa t i en t be 
instructed to discard leftover medicat ion. 

N e p h r o p a t h y associated with penicillin and its homologues, par t icular ly 
methicillin, has been repor ted in recent years .4 8 '4 9 T h i s adverse change is 
believed to be on the basis of a hypersensitivity reaction. T h e syndrome is 
o f t en ushered i n by spiking fever, malaise, anorexia, abdomina l aching, and 
may be associated wi th eosinophil ia and skin rash. T h e renal manifes ta t ions 
most f requen t ly include hematur ia , pyur ia , a lbuminur ia , and oliguria. For-
tunately the pa t ien ts recover fairly rap id ly when this complicat ion is 
recognized a n d therapy discont inued. 

Cer ta in sulfonamides may cause severe renal damage by deposi t ion of 
crystalline aggregates leading to development of i r r i ta t ion and obstruct ion. 
T w o other mechanisms, toxic nephrosis and hypersensitivity react ion, rarely 
are factors in the p roduc t ion of tubu la r necrosis or necrotizing angiit is of the 
kidneys. 

Summary a n d conclusion 

T h e adverse ant imicrobia l reactions on m a j o r organ systems have been 
reviewed to aler t the physician again to the significant and of ten life-threaten-
ing effects of these widely used a n d effective therapeut ic agents. Potent ia l ly 
h a r m f u l effects in the use of antibiotics must never discourage a physician 
f r o m their admin is t ra t ion for any condi t ion in which they are clearly in-
dicated, since the use of any po ten t therapeut ic agent is accompanied by a 
calculated risk. T o be concerned only wi th their potent ia l danger is n o less 
unrealist ic a n d unwise t han to accept them as invariably applicable, com-
pletely beneficial, a n d entirely harmless. 
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