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59 
I. DESCRIPTION 

Ilotycin (CAS number: 114-07-8), thereafter renamed erythromycin 
A, was first isolated at Eli Lilly from a strain' of Streptomyces erythreus 
(McGuire et al., '1952). It is the first representative of the class of 
macrolide antibiotics introduced for clinical use. Macrolides are 
characterized by a macro cyclic lactone ring substituted by two sugars, 
among which a desosamine confers a character of weak base 
responsible for their ability to accumulate inside ~he cells. Erythromy­
cin is made of a 14-membered ring, substituted by a desosamine fu 
position 5 and a cladinose in position 3. The empirical formula is 
C37H67N013 and the molecular weight is 733.93; the chemical 
structure is shown in Figure 59.1. 

Erythromycin A base is very bitter, insoluble in water, and 
inactivated by acid (including gastric secretions) as a result of an 
intramolecular cyclization reaction leading to the formation of an 
inactive spirocetal compound (Kirst and Sides, 1989). Effort has thus 
been made to develop gastro-resistant formulations or ester prodrugs 
to improve oral absorption. Current formulations of erythromycin base 
include different formulations to be administered by the oral route and 
a powder to be reconstituted for intravenous administration. The 
availability of these differs from one country to another (tablets, 
gastro-resistant capsules with delayed release, and granules or powder 
for reconstitution of oral solutions). Erythromycin is also an active 
ingredient in several preparations for topical applications. Stearate, 
estolate, ethylsuccinate, lactobionate, and gluceptate are the salt and 
ester forms used for clinical use. Most of the oral formulations need to 
be administered 1 hour before a meal to ensure optimal oral absorption 
because food affects drug absorption. 

There are four key erythromycin compounds that have been used 
clinically: 

1. Erythromycin stearate (a salt). 
2. Erythromycin ethyl succinate (an ester). These two preparations 

are still susceptible to acid inactivation. Despite the fact that they 
are marketed with a buffering agent or as film-coated or enteric­
coated tablets, they should be administered at least 1 hour before 
a meal. 

3. Propinyl erythromycin ester lauryl sulfate (erythromycin estolate) 
(the salt of an ester). 

4. Stearate salt of 2/-acetyl ester of erythromycin (erythromycin 
as citrate) (Tuominen et al., 1988). These last two formulations are 

2. ANTIMICROBIAL ACTIVITY 

2a. Routine susceptibility 

Erythromycin, and macrolides in general, are characterized by a 
moderately broad spectrum of activity, which includes most Gram­
positive but only selected Gram-negative organisms, as well as several 
bacteria responsible for intracellular infection such as Mycobacteria 
spp. Chlamydia spp., and Legionella spp. Erythromycin is somewhat 
active against some strains of Neisseria spp., Coryneform bacteria, and 
Haemophilus spp., but relatively inactive against most coliform a~d 
enteric bacteria (Haight and Finland, 1952a). Table 59.1 sumtparizes 

Erythromycin 
Fran~oise Van Bambeke 

Figure 59.1 Chemical structure of erythromycin A. Chemical instability 
in acid medium is due to the reaction between the keto,ne in position 9 and 
the hydroxyl in position 6 to form a hemicetal, followed by the reaction of 
this hemicetal with the hydroxyl in position I to form acetal. 

more resistant to inactivation by gastric acid and can be 
admtnistered in the fastin~ state or after food. 

Subsequent to the development of erythromycin, a series of semi­
synthetic compounds with improved stability in an acidic environment 
and oral bioavailability, as well as markedly improved pharmacologic 
profiles, have been developed - these include clarithromycin, 
roxithromycin, and azithromycin. In addition, some older macrolides, 
including spiramycin, josamycin, and rosaramycin, remain available in 
some regions. The availability of clarithromycin, roxithromycin, and 
azithromycin has substantially reduced the use of erythromycin 'over 
the last decade. 

Erythromycin is mainly active against Gram-positive cocci, as well as 
against a few Gram-negative bacteria" including Neisseria spp., 
Haemophilu.s spp., Legionella spp., as well as Chlamydia spp. and 
Mycoplasma spp. 

the susceptibility patterns observed for wild-type strains and clinical 
isolates .of the most relevant target organisms. 

Gram-positive bacteria 

Erythromycin is active against organisms such as Staphylococcus aureus 
(including beta-Iactamase-producing strains) and coagulase-negative 
staphylococci, Streptococcus pyogenes, Groups B, C and G strep,tococci, 
S. pneumoniae, S. viridans and Streptococcus bovis. Eriterococcus faecalis'is 
somewhat less susceptible. Nutritionally variant strains of·streptococci 



Table 59.1 Activity. of erythromycin (MIC, J..lg/ml) against key targ~t pathogens compared with susceptibility breakpoints. 

Staphylococcus aureus 0.25-1 0.5 0.5 1998-2004 ~0.06 to >8 0.5 >8 0.5/8 1/2 Jones et a/., 2007 
(methicillin (North 
susceptible) America) 

Staphylococcus aureus 0.125-1 0.5 0.5 2005 (China) 0.125 to >256 >256 0.5/8 1/2 HA- MRSA Wang et al., 
(methicillin >256 frequently 2008 
resistant) multiresistant 

Streptococcus 0.032-0.25 0.064 0.125 1998-2004 ~0.25 to 0.25 32 0.25/1 0.25/0.5 High prevalence Jones et a/., 2007 
pneumoniae (North >32 in many 

America) countries; 
often 
multiresistant 
strains 

Streptococcus 0.032-0.25 0.064 0.125 1999-2000 0.03-128 0.06 0.06 0.25/1 0.25/0.5 Canton et a/., 
pyogenes (worlwide) 2002 

Haemophilus 1-16 4 8 2002-2003 (UK) 0.25 to > 128 4 16 0.5/16 Morrissey et al., 
influenzae 2005 

Moraxel/a catarrha/is 0.016-0.125 0.064 0.125 2002-2003 (UK) 0.03-0.25 0.125 0.125 0.25/0.5 Morrissey et a/., 
2005 

Legionel/a pneumophila 0.25-0.5 0.25 0.5 1999-2004 ~0.25-0.5 ~0.25 0.5 Dunbar and 
(Europe-USA) Farrell, 2007 

Neisseria gonorrhoeae 0.032-0.5 0.5 0.5 1996 (Indonesia) 0.03-2 <0.125 Lesmana et aI., 
2001 

Campylobaeter jejuni 0.125-4 2 2004-2005 0.5 2 Papavasileiou 
(Greece) 

0:125 
et a/., 2007 

Chlamydia trachomatis 0.06-la 1997-1999 .0.06-0.25 0.25 Samra et aI., 
(Israel) 2001 

aMulazimoglu et al. (2005). 
CLSI: Clinical Laboratory Standards Institute; EUCAST: European Committee on Antimicrobial Susceptibility Testing; R: resistance; S: susceptibility. 



are usually sensitive. The minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) of erythromycin for 
90% of these organisms in one series·' were 0.13 and 2.0 Ilg/ml, 
respectively (Gephart and Washington, 1982). Most hospital-acquired 
methicillin-resistant S. aureus (MRSA) strains have now acquired 
resistance to macrolides. 

Other susceptible Gram-positive' organisms include Listeria mono­
cytogenes, Bacillus anthracis (Wiggins et al.; 1978), Corynebacterium 
diphtheriae (Zamiri and McEntegart, 1972; Maple et al., 1994), and 
Rhodococcus equi (Decre et al., 1991; Verville et al., 1994); whereas 
Nocardia spp. are variable in their susceptibility (Bach et al., 1973; 
Yazawa et al., 1994). As erythromycin and penicillin are antagonistic in 
vitro, the combination is not recommended for the treatment of L. 
monocytogenes infections (Winslow et al., 1983). 

Gram-positive anaerobic bacteria 

Erythromycin shows 'a wide range of activity against Gram-positive 
anaerobes, including Eubacterium, Propionibacterium, Bifidobacterium, 
Lactobacillus, and Peptostreptococcus spp., and also against most strains 
of Pep to coccus spp. (Sutter and Finegold, 1976). Actinomyces israeli (the 
causative agent of human actinomycosis) is also susceptible (Sutter 
and Finegold, 1976; Holmberg et al., 1977). Clostridium tetani and 
C. perfringens are also usually susceptible (Brazier et al., 1985). Some 
strains of C. perfringens are resistant owing to the presence of a gene 
which results in erythromycin-target site modification (Berryman et al., 
1994). In one study of 308 C. difficile isolates, almost all of the 161 
isolates of serogroups A, F, G, H and X were erythromycin sensitive, 
but most of 32 toxigenic is~lates of serogroup C were resistant. Other 
serogroups showed variable patterns (Delmee and Avesani, 1988). The 
main resistance mechanism for C. difficile is, again, target site 
modification (Hachler et al., 1987; Berryman and Rood, 1989). 

Gram-negative aerobic bacteria 

Erythromycin is active against some Gram-negative bacteria respon­
sible for respiratory tract infections (Moraxella catarrhalis, Legionella 
spp., Bordetella pertussis), genital infections (Neisseria gonorrhoeae, 
Haemophilus ducreyi, and Gardnerella vaginalis) , digestive tract infec­
tions (Helicobater pylori and Campylobacter jejuni) , and meningitis 
(N. meningitidis). However, H. influenzae is only moderately susceptible 
(McCarthy et al., 1979; Vanhoof et al., 1980; Brorson et al., 1981; 
Karmali et al., 1981; Ringertz et al., 1981; Bannatyne and Cheung, 
1982; Bilgeri et al., 1982; McNulty et al., 1985; Righter and 
Luchsinger, 1988). Although N. gonorrhoeae is usually susceptible, 
some strains with diminished sensitivity, or which are completely 
resistant, occur. In clinical isolates of N. gonorrhoeae, there is usually a 
correlation between the degree of susceptibility with penicillin G, 
tetracycline, erythromycin, and chloramphenicol (Report,'~'1978). In 
the 1970s, approximately 35% of beta-Iactamase-producing strains 
isolated in the USA and East Asia 'were resistant to erythromycin 
(MIC 1.0 Ilg/ml) (CDC, 1978), and in the 1980s, Ng et al. (1983) 
found that, among'strains of N. gonorrhoeae from various Southeast 
Asian countries, 80% of the beta-Iactamase-producing strains and 75% 
of the non-beta-Iactamase-producers had MICs 2:: 2llg/ml. 

Escherichia coli, Pseudomonas aentginosa, Enterobacter spp., Klebsiella 
spp., Proteus spp., Salmonella spp., and Shigella spp. are not susceptible 
(Arthur and Courvalin, 1986; Arthur et al., 1987b). Antibacterial 
activity of erythromycin against Gram-negative bacilli is influenced by 
pH, and it increases markedly as the pH rises to 8.5. Most E. coli and 
Klebsiella spp. strains can be inhibited by erythromycin concentrations 
attained in urine with ordinary therapeutic doses, provided the urine is 
made alkaline (Sabath et al., 1968). Some strains of Brucella spp. are 
sensitive to erythromycin (Abbott Laboratories, 1966). 

Early in vitro and animal studies on Legionella pneumophila in:di­
cated that erythromycin might be effective against this organism 
(CDC, 1977a; CDC, 1977b). Subsequent in vitro and in vivo studies in 
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guinea-pigs confirmed that erythromycin is one of the most active 
drugs against this. organism (Fraser et al., 1978; Thornsberry et al., 
1978; Edelstein and Meyer, 1980; Moffie and Mouton, 1988) and 
embryonated eggs (Lewis et al., 1978). This agent is also active against 
L.pneumophila within human monocyte-derived macrophages (Vilde 
et al., 1986). Other members of this genus, L. micdadei (the Pittsburg 
pneumonia agent), L. bozemanii, L. gormanii, L. dumoffii, 
L. longbeachae, and L. anisa are also sensitive to erythromycin (Pasculle 
et al., 1981; Dowling et al., 1982; Fallon and Stack, 1990; Nimmo and 
Bull, 1995). 

Flavobacterium spp. may also be sensitive to erythromycin (Lee et al., 
1977). Bartonella (formerly Rochalimaea) quintana and B. henselae, the 
agents which cause bacillary angiomatosis and bacillary peliosis in 
patients with AIDS, are erythromycin sensitive (Koehler and Tappero, 
1993; Maurin and Raoult, 1Q93; Regnery and Tappero, 1995). 
Pasteurella multocida is resistant (Goldstein et al., 1988). 

Gram-negative anaerobe bacteria 

Erythromycin has a variable activity against anaerobic Gram-negative 
bacteria. Erythromycin demonstrates moderate activity against 
Prevotella and Porphyromonas. Most strains of Bacteroides spp. can be 
inhibited by moderately high erythromycin concentrations, but such 
high levels are only attained in the serum after parenteral adminis­
tration (Zabransky et al., 1973; Gorbach and Bartlett, 1974). Sutter 
and Finegold (1976) studied susceptibility of anaerob~c organisms to 
erythromycin. Although all strains of Prevotell~ melaninogenica and 
some Bacteroides spp. were susceptible to 1.0 Ilg1inl, B. fragilis and the 
Fusobacterium spp. were usually resistant. Harvey et al. (1981) found 
that a concentration of erythromycin of 6 Ilg/ml was usually required to 
inhibit more than 90% of B. fragilis, other Bacteroides spp., and 
Fusobacterium spp., a concentration that may be difficult to achieve in 

routine clinical use. 

Chlamydia and Chlamydophila 
Both cell culture and clinical studies of Chlamydia trachomatis suggest 
that tetracycline (see Chapter 66, Tetracycline) and erythromycin are 
the most effectiv~ antibiotics against this organism before quinolones 
became available (Kuo et al., 1977; Lee et al., 1978; Schachter et al., 
1986). A few strains of C. trachomatis have been shown to be relatively 
resistant to erythromycin (Mourad et al., 1980). Chlamydophila 
pneumoniae is also erythromycin sensitive, but clarithromycin (see 
Chapter 61, Clarithromycin) is some 8-fold more active in vitro 
(Chirgwin et al., 1989; Fenelon et al., 1990; Hammerschlag, 1994; 

Roblin et al., 1994). 

Mycoplasma spp. 

Mycoplasma pneumoniae is very susceptible to erythromycin Uao and 
Finland, 1967). Erythromycin-resistant M. pneumoniae variants can be 
obtained in vitro by serial subculture of the organism in the presence of 
the drug. Such erythromycin resistance is usually accompanied by 
resistance to other macrolides (Niitu et al., 1974). In one report a 
strain of M. pneumoniae acquired resistance to erythrom~cin du~ing 
treatment (Niitu et al., 1970). Erythromycin is also actlve agamst 
M. genitalium (Renaudin et al., 1992), but not agai~lst M. hominis 
(Csonka and Spitzer, 1969). 

Ureaplasma urealyticum 
Ureaplasma urea/yticum is susceptible to erythromycin, but some strai~~ 
with intermediate or complete resistance occur (Spaepen et al., 197 , 
Waites et al., 1992). Tetracycline-resista~t str~ins of U. ur~alytic~74may 
sometimes be susceptible to erythromycm (Ford and Smlth, 1 ) . 
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Mycobacteria 

Mycobacterium tuberculosis is resistant to erythromycin, but some 
atypical mycobacteria are erythromycin sensitive, particularly 
M. chelonae (Molavi and Weinstein, 1971). M. avium is sensitive, 
but to a lower degree (Swenson et al., 1982). Generally, other 
macrolides such as clarithromycin (see Chapter 61, Clarithromycin) 
are more active against atypical mycobacteria. 

Spirochetes 

Treponema pallidum is erythromycin~susceptible (Brause et al., 1976; 
Norris and Edmondson, 1988), although strains which exhibit high~ 
level erythromycin resistance have been detected, and erythromycin is 
not considered an appropriate option for treating this disease (Stamm 
et al., 1988). Erythromycin exhibits only a relatively low degree of 
activity against Borrelia burgdorferi Oohnson et al., 1987). 

Rickettsiae 

In vitro activity of erythromycin against Rickettsia prowazeki has been 
demonstrated in cell culture, but the rate of killing of rickettsiae was 
slow (Wisseman et al., 1974). Rickettsia ric1<ettsii and R. conorii are 
erythromycin~resistant (Raoult et al., 1988). In general, erythromycin 
is not an appropriate therapeutic option for rickettsial disease. 

2b. Emerging resistance and 
cross-resistance 

Resistance to macrolides has become a major issue for most of the 
species originally described as susceptible, including Staphylococcus spp., 
Streptococcus spp., Bacteroides spp., Enterococcus spp., Clostridium spp., 
Bacillus spp., Lactobacillus spp., M. pneumoniae, Campylobacter spp., 
C. diphtheriae, and Propionibacterium (Leclercq and Courvalin, 1991). 
Multiple mechanisms of resistance have been described (see below 
under 3. Mechanism of drug action), with the prevalence of these 
varying on a geographical basis. For instance, efflux~mediated resistance 
in pneumococci was uncommon in France (Marchandin et al., 2001) 
and Italy (Schito et al., 2004), whereas it was significantly present in 
Germany (Reinert et al., 2003; Reinert et al., 2004), The Netherlands 
(Neeleman et al., 2005), and the USA (Doem and Brown, 2004). 

Target modification 

Ribosomal methylation was the first resistance mechanism described 
for macrolides (Lai and Weisblum, 1971) and has now become the 
most prevalent (Farrell et al., '2003). It is mediated byJlie acquisition of 
an erm gene, encoding a methyltransferase, which methylates the N(6) 
position of adenine 2058 in 23S rRNA (Weisblum, 1995). Mono~ 
methylation confers a high level of resistance to lincosamides and 
streptogramins and a lower level of resistance to macrolides, whereas 
dimethylation confers high levels of resistance to the three classes of 
drugs, conferring the MLSB phenotype of cross~resistance (Leclercq 
and Courvalin, 1991). erm(A) is mostly found in staphylococci and in 
S. pyogenes, but is rare in S. pneumoniae. Conversely, erm(B) is the 
major determinant found in S. pneumoniae and also in other 
streptococci and in enterococci. Other determinants have been found 

3. MECHANISM OF DRUG ACTION 

Macrolides are inhibitors of protein synthesis at the ribosomes 
(Goldman et al., 1990). They impair the elongation cycle of the 
peptidyl chain by specifically binding to the 50S subunit of the 
ribosome. Specificity toward prokaryotes relies upon the absence of 
50S ribosomes in eukaryotes. The main interaction site is located at 

in specific organisms, like erm(C) (Shivakumar and Dubnau, 1981) 
which is found in S. aureus (Lina et al., 1999; Schmitz et al., 2000), 
erm(D) and erm(G) in Bacillus spp. (Gryczan et al., 1984; Monod et al., 
1987), and erm(F) in Bacteroides fragilis (Rasmussen et al., 1986). The 
expression of the methylase is either constitutive or inducible. In the 
latter case, inducers include the 14~, 15~ and 16~membered 
macrolides, lincosamides, and streptogramins (Leclercq and Courvalin, 
1991) but not the ketolides (Bonnefoy et al., 1997; Leclercq, 2001). 

Mutations of 23S rRNA, with substitution of adenine 2058 by a 
guanine being the most common one, have also been described in 
bacterial pathogens (Vester and Douthwaite, 2001; Poehlsgaard and 
Douthwaite, 2003). This substitution defines an ML phenotype of 
resistance, with high MICs for' erythromycin, azithromycin, the 16 
membered macrolides and the lincosamides, a slightly reduced 
susceptibility to clarithromycin, but no influence on streptogramins 
and ketolides (Canu and Leclercq, 2002). This mechanism is, so far, 
mainly found in Helicobacter pylori, Mycoplasma spp., and Mycobacter~ 
ium spp. (Vester and Douthwaite, 2001). 

Mutations in the ribosomal proteins L4 and L22 have also been 
recently associated with the appearance of resistance to macrolides in 
clinical strains of streptococCi (Tait~Kamradt et al., 2000; Farrell et al., 
2003; Reinert et al., 2003). Mutations in the L4 protein confer an MSB 

resista-O:ce phenotype, with MICs remaining low (Canu and Leclercq, 
2002). Mutations in the L22 protein also confer a low level of 
resistance to telithromycin and dindamycin (Canu et al., 2002). 

Antibiotic inactivation 

Unlike target modification, this mechanism confers resistance to 
structurally related antibiotics only, which means that it affects 
macrolides but not lincosamides or streptogramins (Nakajima, 1999; 
Leclercq, 2002). At the present time, phosphorylases and esterases 
conferring resistance to 14~, 15~, and 16~membered macrolides have 
been mainly reported in Enterobacteriacae. However, the clinical 
significance of this resistance remains minor, since these bacteria are 
not the primary target of macrolides. However, a few strains of 
phosphotransferases producing S. aureus have already been reported 
(Wondrack et al., 1996; Matsuoka et al., 1998), which suggests that 
this mechanism may become more significant in the future. 

Efflux 

In Gram~positive bacteria, the expression of efflux pumps conferring 
resistance to macrolides is inducible. Two main types of pumps with 
'narrow spectrum have been described so far, namely Msr(A) in 
staphylococci [inducible by 14~ and 15~membered macrolides, conferring 
resistance to these macrolides and to streptogramins, but not to 
lincos~mides (MSB phenotype) (Ross et al., 1990)], and mef(A) and 
mef(E) described in several species of streptococci, including 
S. pneumoniae and S. pyogenes, as well as in enterococci [inducible and 
conferring resistance only to 14~ and 15~membered macrolides 
(M phenotype)] (Clancy et al., 1996; Sutcliffe et al., 1996; Tait-Kamradt 
et al., 1997; Leclercq, 2002; Klaassen and Mouton,' 2005). The mef(A) 
gene is located on a conjugative transposon, and can therefore easily 
spread between bacteria or even between streptococci species (Goldman 
and Capobianco, 1990; Leclercq and Courvalin, 1991; Santagati et al., 
2003). 

the central loop of the domain V of the 23S rRNA, at the vicinity 
of the peptidyl transferase center. The macrolide binding site is located 
at the entrance of the exit tunnel used by the nascent peptide chain to 
escape from the ribosome, at the place where the central loop of 
domain V interacts with proteins L4 and L22 and with the loop of 



hairpin 35 in domain II of rRNA (for a general review, see Poehlsgaard 
and Douthwaite, 2003). . 

Interaction occurs via the formation of hydrogen~bonds between the 
reactive groups (2/~OH) of the desosamine sugar and the lactone ring 
(Schlunzen et al., 2001) and adenine residue 2058. This explains why 
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mutation or methylati~n in position 2058 as well as mutations in proteins 
L4 and L22 confer reSIstance to macrolides. The binding site of ~ 
l'd h'b 1 h macro 
1 es on t . e n osome over aps t at of chloramphenicol or lincosamides 
such as .chndamydn (Schlunzen et al., 2001), explaining pharmacologic 
antagomsm between these antibiotic classes as well as cross~resistance. 

4. MODE OF DRUG ADMINISTRATION AND DOSAGE 

4a. Adults 

Oral administration 

Erythromycin is usually administered by the oral route. The dosage 
depends on the indication, but the maximum dose is 4 g/day 
(independent of its formulation) divided into four administrations. 
The conventional oral doses of ester forms are 250 mg every 6 hours 
for estolate or stearate, and 400 mg every 6 hours for ethylsuccinate 
(Ginsburg et al., 1982). 

Parenteral administration 

Erythromycin can be administered Lm. as erythromycin ethylsucci~ 
nate. The adult dosage is 100-200 mg 8~hourly, but these injections 
are painful so this route of administration is rarely used. It is therefore 
rather used Lv. as erythromycin lactobionate for treatment of severe 
infections. The dosage is 1 g 6~hourly. Adult doses as high as 4-6 g 
daily have been given without toxic effects. The drug should be given 
as intermittent or continuous Lv. infusions. For intermittent admin~ 
istration, each dose should be dissolved in 100-200 ml of infusion 
fluid, and this should be infused relatively slowly to minimize the risk 
of thrombophlebitis, digestive side~effects (Marlin et al., 1983; Putzi 
et al., 1983), or ventricular arrhythmias (Schoenenberger et al., 1990; 
Farrar et al., 1993). Recommended rates of infusions are 0.5-1 hour for 
a dose of 500 mg and 1-2 hours for a dose of 1 g. If used by continuous 
infusion, compatibilities with other drugs administered by the same 
line should be checked carefully. Lactobionate of erythromycin is 
administered intravenously at a dose of 500 mg every 6 hours. 

Other modes of administration 

Erythromycin is also available for local applications as gels, alcoholic 
solutions, lotions, or ointments or eye drops/ointments. These forms 
are used for specific indications, such as acne in adolescents (topical 
formulations; Chalker et al., 1983; Lesher et al., 1985) or prophylaxis of 
trachoma (eye drops/ointments) in newborn infants. 

4b. Newborn infants and children 

Oral suspensions are available for children. The dosage is 30-50mg!kg 
to be divided in two to four administrations. For more severe infections 
this dosage may be doubled. Bums and Hodgman (1963-) administered 
40 mg!1cg/day of erythromycin estolate in four divided doses to 26 
premature infants. Satisfactory serum levels, no evidence of accumula~ 
tion, and no toxic effects were observed. 

The pediatric dosage of erythromycin lactobionate by the intrave~ 
nous route is 30-50 mg!kg/day given in four divided doses, and each 

dose should be infused no faster than over 60 minutes (Gouyon et al., 
1994; Waites et al., 1994). 

4c. Altered dosages 

Impaired renal function 

The normal serum halnife of erythromycin of 1.4 hours is prolonged to 
6 hours in anuric patients, but dosage reduction is not considered 
nec~ss~ry in ~ati~nts with severe renal failure (Kunin, 1967). Erythro­
mycm IS not sIgnificantly removed by hemodialysis or peritoneal dialysis. 

Impaired hepatic function 

Erythromycin may accumulate in patients with severe liver disease. If 
large doses are administered to such patients, serum leVel monitoring 
and dosage. reduction ~ay be ?ecessary. When 500 mg of erythromycin 
base was glVen to patIents WIth alcoholic liver disease and to normal 
s~bjects after a 12~hour fast, the normally delayed absorption (lag 
tIme) was shor:er (2 vs 3 hours) among liver disease patients; an earlier 
peak was obtamed (4.6 vs 6.3 hours) and higher peak concentrations 
w~r~ al~o o~served (2.04 vs :.5I1g/ml) in this group. A slower 
ehmmatlOn tIme also occurred m patients with liver disease, so that 
some adjustment of the dose may occasionally be required in such 
patients iflarge doses are used (Kroboth et al., 1982). 

Premature neonates 

The drug can be safely used in the newborn. Low doses of 
erythromycin have been proposed to promote gastrointestinal motility 
in premature neonates, but conflicting data have been obtained so 
further evaluation is needed (Patole et al., 2005). 

Pregnant patients 

Because of its propensity to cause hepatotoxicity (see below under 6b. 
Hepatotoxicity), erythromycin estolate should not be used in such 
patients. Other erythromycin preparations are safe in pregnancy 
without dosage adjustment. 

The elderly 

The pharmacokinetics of macrolides may be modified in elderly 
patients. However, dosage adjustment is usually not required with 
conventional dose, but closer than usual clinical monitoring of the 
older patient has therefore been advocated (Petiti et al., 1989). This is 
particularly the case for elderly patients who are receiving multiple 
other medications, because the risk of drug interactions with 
erythromycin is consequently increased. 

5. PHARMACOKINETICS AND PHARMACODYNAMICS 

The main pharmacokinetic properties of erythromycin are summarized 
in Table 59.2. 



Table 59.2 Pharmacokinetic parameters of erythromycin and its ester forms. 

Cmax (mg/f) 
tmax (h) 
tll2 (h) 
Vd (l/kg) 
Bioavailability (%) 
Protein binding (%) 
Tissue-serum concentration 
AUC (mgllh) 
Reference 

AUC: area under the curve. 

3 
1.9-4.4 
2 
0.64 
25-60 
65-90 
0.5 . 
4.4-14 
Brogden and Peters, 1994 

0.3-0.5 
4 

Chambers, 
2006 

0.9-3.5 
2.1-3.9 
1.6 
0.78 
35 
84 

Periti et 0/., 1989; Chambers, 
2006 

0.5-1.4 
2-3 

Periti eta/., 1989; Chambers, 
2006 

1.5 
2 

Chambers, 2006 

1.5 (0.5 of base) 
1-2 

Chambers, 2006 



Sa. Bioavailability 

The oral bioavailability of erythromycin base is poor and is highly 
variable because of inactivation by gastric acidity (Kirst and Sides, 
1989). Formulations with an acid~resistant coating have therefore been 
developed, as well as esters with improved oral bioavailability. Stearate 
is hydrolyzed in the intestine, whereas ethylsuccinate is absorbed both 
as the free base (55%) and the ester (45%) formulations. These are best 
absorbed in the fasting state. Estolate absorption is not affected by food; 
20-30% of the serum concentration corresponds to the active form and 
70-80% to the ester prodrug (Sivapalasingam and Steigbigel, 2005). 
Serum protein binding varies between 40% and 90%. Alcohol can cause 
a moderate reduction in the absorption of erythromycin succinate. 

Sb. Drug distribution 

Erythromycin is distrihuted in the total body water, and penetrates 
easily into tissues where it persists longer than in the blood. 
Erythromycin is also able to accumulate in the cells, reaching cellular 
to extr~cellular concentrations ratios of about ten (Martin et al., 
1985). This property can be explained by the high diffusibility of the 
molecule combined with a weak basic character, allowing for the rapid 
diffusion through cellular membranes and the trapping of the 
protonated forms in the acidic compartments of the cells (lysosomes) 
(de Duve et al., 1974; Carlier et al., 1987). 

Erythromycin stearate is less readily destroyed in the stomach than 
erythromycin base and it dissociates in the duodenum liberating active 
erythromycin, which is absorbed. Peak serum levels after oral adminis~ 
tration of erythromycin base and stearate 'appear approximately the same, 
except that the absorption of the base may be slightly more delayed. 
Triggs and Ashley (1978) demonstrated in volunteers that, although 
mean serum levels were low after a single dose of erythromycin stearate, 
these were considerably higher after repeated doses. Doubling the dose of 
these compounds approximately doubles the serum concentrations. Food 
in stomach diminishes the absorption of both base and stearate (Disanto 
and Chodos, 1981). Furthermore, there is marked individual variation in 
the serum levels achieved after the administration of all forms of oral 
erythromycin (Griffith and Black, 1964; Lake and Bell, 1969). 

Unlike the base and the stearate, erythromycin estolate is acid~ 
stable and absorbed from the gastrointestinal tract more completely. It 
is absorbed mainly as ester, of which about 41 % is hydrolyzed in serum 
to active erythromycin (Griffith and Black, 1962; Croteau et al., 1988). 

Erythromycin ethylsuccinate is another ester which is well absorbed 
Jrom the gastrointestinal tract. Absorption is delayed by food, however, 
and the highest and earliest peak serum levels after an 800~mg dose 
(2.23 Ilg/ml) occur under fasting conditions (Thompson et al., 1980). 
After absorption, about 69% of this ester is hydrolyzed to active 
erythromycin, but the estolate ester is still considered to have an 
advantage in pharmacokinetics as it has a longer half-life (5.47 vs 2.72 
hours) and a larger area under the curve (AUC) (Croteau et al., 1988). 
In another study, Berube et al. (1988) also found that after single doses 
of erythromycin estolate (500 mg) and erythromycin ethylsuccinate 
(600 mg), the bactericidal titers at 2 and 8 hours against S. pyogenes 
and S. pneumoniae were significantly higher with erythromycin estolate 
than with ethylsuccinate ester. 

~riksson et al. (1981) reported a decreased absorption of 
erythromycin suspension (both stearate and ethyl succinate) in infants 
less than' one month old, and the stearate suspension was also poorly 
absorbed in infants 1-6 months old. In a pharmacokinetic study of 
infants younger than four months of age comparing the estolate and 
ethylsuccinate esters, no differences were found between peak serum 
concentrations or the time taken to reach them, but the elimination 
half~life of the estolate was longer (Patamasucon et al., 1981). 

Erythromycin as citrate is an ester that is well absorQed after oral 
administration, provided it is given in a tablet with an acid~resistant 
coating. The total serum level reached is about 3.9~fold higher than that 
after the same dose of erythromycin base with an acid~resistant coating. 
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In plasma, however, only about one~third of erythromycin ascitrate is 
hydrolyzed to active erythromycin. The absorption of this ester in some 
patients may be impaired by food. Concomitant administration of 
cimetidine does not affect the serum levels attained after erythromycin 
ascitrate (Mannisto et al., 1988; Tuominen et al., 1988). 

Satisfactory serum levels are achieved after parenteral erythromycin 
administration. After an i.m. injection of 100 mg of erythromycin ethyl 
succinate in adults, the mean peak level after 1 hour is 0.64 Ilg/ml; this 
level is maintained for nearly 6 hours, and measurable serum 
concentrations persist for at least 12 hours (Metzger et al., 1959). 
Following a single Lv. injection of 200 mg erythromycin lactobionate, . 
the mean serum level in adults is 3.0 Ilg/ml1 hour after injection, and 
detectable levels persist for at least 6 hours (Abbott Laboratories, 
1966). If erythromycin lactobionate is given by continuous infusion at 
a rate of 1.0 g every 12 hours, serum levels' of about 4-6 Ilg/ml are 
maintained from 8 hours onwards (Neaverson, 1976). Peak concen~ 
trations attained after 1 hour intermittent i.v. erythromycin infusions 
in the usual doses are usually some 4~ to lO~fold greater than those 
attained after oral erythromycin (Farrar et al., 1993). When 
erythromycin lactobionate was given to pre term neonates Lv. in 
dosages of either 25 or 40 mg!kg/day in four divided doses 6~hourly 
(each dose infused over 60 min), the peak serum levels varied from 
1.92 to 2.9 and 3.05 to 3.69 Ilg/ml, respectively (Waites et al., 1994). 

Overall, erythromycin is widely distributed in tissues, and is 
concentrated in the liver and spleen. It persists in the tissues for 
longer periods than in the serum. The related macroltde antibiotics, 
spiramycin (see Chapter 182, Spiramycin) and sOIT).e ne~er macrolides, 
such as clarithromycin (see Chapter 61, Clarithromycin) and 
azithromycin (see Chapter 62, Azithromycin), produce even higher 
and better sustained tissue concentrations than erythromycin. 

Adequate concentrations of erythromycin are found in pleural and 
ascitic fluids. The drug reaches high levels in tear fluid in infants with 
purulent conjunctivitis (Sandstrom and Ringertz, 1988). It enters 
middle~ear exudates in sufficient concentrations to inhibit the highly 
sensitive organisms S. pyogenes and S. pneumoniae, but not necessarily 
all strains of H. influenzae (Bass et al., 1971). Ad~quate levels of 
erythromycin are found in tonsils after oral administration, the levels 
being higher after the estolate suspension than after ethylsuccinate 
suspension (Ginsburg et al., 1976). The tonsillar concentrations are 
also adequate after oral erythro~ycin ascitrate administration and 
more of this ester is hydrolyzed to active erythromycin in the tonsillar 
tissue than in the serum (Gordin et al., 1988a). In patients with lobar 
pneumonia treated with i.v. erythromycin lactobionate, effective 
concentrations were reached in the infected and uninfected lung 
tissue within 10 minutes and maintained for at least 1 hour (Wollmer 
et al., 1982). Mean sputum levels of 2.6 Ilg/ml have been recorded 
when erythromycin lactobionate was given by infusion in a dose of 1 g 
every 12 hours (Neavers~n, 1976). However, after 500mg erythro~ 
mycin stearate was given orally every 8 hours for 7 days, sputum levels 
in 24~hour collections did not exceed 1.0 Ilg/ml in five of six patients 
(Clarke et al., 1980). After an oral dose of 500mg erythromycin 
ethylsuccinate or stearate, the gastric mucosal concentration was 
higher than the MIC of H. pylori (McNulty et al., 1988). However, 
conclusions with respect to tissue concentrations should be drawn with 
great caution (Mouton et al., 2008). 

Erythromycin does not enter the cerebrospinal fluid (CSF) in the 
absence of meningitis but, as with many antibiotics, the drug may be 
detectable in the CSF when the meninges are inflamed (Griffith and 
Black, 1970). Van Bambeke an.d Tulkens (2002) also found 
erythromycin concentrations in CSF to usually be low, such that i.v. 
administration of large doses was considered necessary to treat 
meningitis due to highly susceptible organisms. Overall, macrolide 
penetration into the central nervous system (CNS) is poor (Kearney 
and Aweeka, 1999). Likewise, concentrations in synovial fluid ·are 
probably too low to treat septic arthritis. The high. cellular 
accumulation of erythromycin, however, justifies i~s potential use in 
the treatment of intracellular infections. 
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Peak concentrations in lymph after oral therapy were 24% of the peak 
serum concentrations, and the mean lymph-serum concentration ratio 
was 0.35 (Bergan et at, 1982). After i.v. administration of erythromycin 
lactobionate, the concentrations in normal cancellous bone were 
approximately 30% of concomitant serum levels (Rosdahl et al., 1979). 
Erythromycin crosses the placenta, but serum concentrations attained 
in the infant are considerably lower and less predictable than those in 
the mother (South et al., 1964; Philipson et al., 1973). Erythromycin is 
excreted in the milk, so its use should be avoided in pregnant or 
lactating women. Serum half~life is relatively short (about 1.4 h). 

Erythromycin is concentrated in human polymorphonuclear leuko~ 
cytes some 10-20 times the concentration in extracellular fluid 
(Prokesch and Hand, 1982; Ishiguro et al., 1989). Phagocytosis by 
neutrophils appears to be unaffected by erythromycin (Naess and 
Solberg, 1988), but erythromycin may stimulate neutrophil migration 
(Anderson, 1989). In alveolar macrophages from smokers and 
nonsmokers, the uptake of erythromycin was lower in the cells 
derived from the latter group (Hand et al., 1985). 

Se. Clinically important pharmacol<inetic 
and pharmacodynamic features 

Erythromycin is essentially bacterio'static, with increased activity at 
alkaline pH (Haight and Finlap.d, 1952b). The cure rate for macrolides 
mainly depends on the AUC/MIC ratio (Andes et at, 2004), based on 
their time~dependent effect coupled w.ith a postantibiotic effect, using 
both in vitro and in animal models (Rolin and Bouanchaud, 1989; 
Novelli et al., 2002). The laIfie diffusion of erythromycin into tissues 
was considered as an advantage for the treatment of several infections, 
including those of the respiratory tract. However,::; the increasing 
prevalence of resistance raises doubts about the drug's efficacy in some 
sites. As noted earlier, tissue concentrations per se do not always 
indicate the level of activity (Mouton et al., 2008). 

Sd. Excretion 

Erythromycin is only partly excreted in urine, and only about 2.5% of 
an orally administered dose and 15% of a parenterally administered 
dose is recoverable from the urine in the active form (Abbott 
Laboratories, 1966). Urinary concentrations of the active drug are 
usually low and variable. As renal excretion is not the main method of 
erythromycin elimination from the body, there is no significant 
accumulation of the drug in uremic patients. 

The main route of excretion of erythromycin is in the bile after 
being metabolized. This occurs by demethylation and oxidation of the 
aminated sugar and implies involvement of P450 cytochrome (group 
3A4) (Kirst and Sides, 1989). Some erythromycin excreted in this way 
is reabsorbed from the intestine. 

A large proportion of administered erythromycin cannot be 
accounted for by combined renal and biliary excretion, and so a 
considerable amount appears to be inactivated in the body, probably in 
the liver (Osono and Umezawa, 1985). 

Se. Drug interactions 

Drug interactions with macrolides can be a considerable problem 
which seriously limits their use in some patients. The main mechanism 
involved in these interactions is the ability of macrolides to bind to 
cytochrome P450 (group 3A4) , thereby impairing the subsequent 
metabolism of other substrates of the same cytochrome (Periti et al., 
1992). The elimihation of these co~administered drugs is therefore 
reduced, causing a potential risk of toxicity (Periti et al., 1992; von 
Rosensteil and Adam, 1995). Within the macrolide group, erythro~ 
mycin is associated with the greatest risk. The main clinically relevant 
interactions are summarized in Table 59.3. In particular, ergotamin and 
drugs with potential to prolong the QT~interval may increase the risk 

Table 59.3 Drug interactions with eryth~omycin. 

Possible 
pharmacologic 
antagonism 

Decreased effect of 
macrolide 

Decreased effect 
Increased serum 

levels 
Increased toxicity of 

both drugs 
Increased effect 

Increased effect and 
toxicity 

Increased toxicity 

Possible ergotism 

Increased risk of 
cardiotoxicityand 
arrhyhthmias 

Possible 
serotoninergic 
syndrome 

'Lincosamides lincomycin 

Rifamycins Rifabutin 
rifampicin 
Zafirlukast 

Miscellaneous Bromocriptine 
Imatinib 

HIV protease inhibitor Ritonavir 

Benzodiazepines Alprazolam 
Diazepam 
Triazolam 
Midazolam 

Anticoagulants Acenocoumarol 
Anisindione 
Dicoumarol 
Warfarin 

Miscellaneous Carbamazepine 
Cilostazol 
Clozapine 
Cidosporin 
Digoxin 
Divalproex sodium 
Felodipine 
Methylprednisolone 
Repaglinide 

Theophylline and Aminophylline 
derivatives Dyphylline 

. Oxtriphylline 
Theophylline 

Miscellaneous Alfentanil 
Aprepitant 
Buspirone 
Cinacalcet 
Docetaxel 
Eletriptan 
Eplerenone 
Erlotinib 
Everolimus 
Gefitinib 
Itraconazole 
Quetiapine 
Ranolazine 
Sibutramine 
Sildenafil 
Sirolimus 
Tacrolimus 
Vardenafil 

Statins Atorvastatin 
Cerivastatin 
Lovastatin 
Simvastatin 

Miscellaneous Colchicine 
QUinupristin 
Vinblastine 

Ergot derivativesCabergoline 
Dihydroergotamine 
Dihydroergotoxine 
Ergotamine 
Methylergonovine 
Methysergide 
Ergonovine 

Fluoroquinolones Grepafloxacin 
Levofloxacin 
Moxifloxacin 
Sparfloxacin 

Miscellaneous Bretylium 
Astemizole 
Amiodarone 
Cisapride 
Disopyramide 
Dofetilide 
Mesoridazine 
Pimozide 
Quinidine 
Sotalol 
T erfenadine 
Thioridazine 
Verapamil 

Miscellaneous Citalopram 
Fluoxetine 
Sertraline 

Adapted from: www.drugbank.ca/cgi-bin/getCard.cgi?CARD = APRD00953 



of torsades de pointes due to the macrolides and should be avoided 
(Curtis et al., 2003). Co-administration of inducers of the cytochrome 
P450 3A4, such as rifampicin or rifabutin, cause a reduction of 
macrolide plasma levels, which can lead to therapeutic failure or to 
selection of resistant strains. Co-administration of cimetidine can 
almost double the serum level of erythromycin by inhibiting its 
metabolism. 

Two review articles have concluded that erythromycin can, in some 
individuals, inhibit the elimination of methylprednisolone, theophyl­
line, carbamazepine, and warfarin (Descotes et al., 1985; Ludden, 

6. TOXICITY 

6a. Gastrointestinal adverse effects 

These are the most common side-effects associated with erythromycin. 
Abdominal pain (16%), nausea and vomiting (14%), and diarrhea are 
reported with an overall incidence of 30% for erythromycin (Ellsworth 
et al., 1990). In fact, erythromycin acts as a motilin receptor ~.gonist in 
the gastrointestinal tract (Peeters et al., 1989) and stimulates stomach 
and gut motility (Itoh et al., 1984). Accordingly, it has been proposed 
to use erythromycin as a therapeutic agent for some motility disorders 
owing to this "adverse" effect. Although popular in some. intensive 
care units, this nonantibacterial use of erythromycin may be 
problematic in terms of resistance emergence among routine 
commensal bacteria (Itoh et al., 1985; Peeters, 2001) and good 
clinical trials are unavailable. Macrolide-induced emesis may be 
partially due to 5-hydroxytryptamine receptors. 

6b. Hepatotoxicity 

Hepatotoxicity is a rare but serious adverse effect of erythromycin. 
Initially, this was thought to occur after administration of erythromycin 
estolate, but not after other erythromycin preparations (Masel, 1962; 
Sherlock, 1968). It was postulated that the propionyl ester linkage at the 
2' position conferred this property on the estolate and that there was no 
cross-sensitivity with other erythromycin preparations (Tolman et al., 
1974). Jaundice usually occurs about 10-12 days after starting treatment, 
but it may occur within 1 or 2 days in patients who had previously 
experienced the drug (Robinson, 1961; Gilbert, 1962). Some patie~ts 
may experience severe abdominal pain, which may lead to an erroneous 
diagnosis of cholelithiasis (Oliver et al., 1973). Nausea and abdominal 
pain are initial symptoms, followed by fever (50%). Approximately 75% 
of patients develop eosinophilia (> 500 cells/mm3

) and uniformly 
elevated transaminase levels. Liver function tests revert to normal 
within days after discontinuation of drug but may recur after rechallenge 
(Eichenwald, 1986). Occasionally, pruritus and a rash may recur. 
Jaundice may be clinical or subclinical, and hepatic enlargement is 
usually present. Liver function tests usually indicate cholestasis, and the 
mechanism of this toxicity may represent either a hypersensitivity or 
toxic reaction resulting from formation of nitrosoalkanes (Pessayre et al., 
1985). Liver histology usually reveals a picture of intrahepatic cholestasis. 

The jaundice and other symptoms usually subside when the drug is 
stopped, but occasionally jaundice may persist for weeks, and in one 
case reported by Brown (1963) it persisted for about three months. 
There have been no deaths associated with erythromycin jaundice, 
and the subsequent development of chronic liver disease has not been 
reported. The exact frequency of this complication was not known. It 
is possible that this complication may· be more frequent during 
pregnancy (McCormack et al., 1977). 

It now appears that similar cholestatic jaundice'can arise after other 
erythromycin preparations and that it may not be more common with 
the estolate than with the others. Inman and Rawson (1983) reported 
three cases of similar jaundice associated with erythromycin stearate. 
The incidence of patients developing acute symptomatic liver disease 
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1985). This has been more closely studied for some of these drugs such 
as carbamazepine (Wroblewski et al., 1986). The mean change in drug 
clearance was about 20-25% in most cases, with some patients having 
a much larger change than others. The type of erythromycin used may 
also be :important. Concomitant erythromycin administration may 
cause elevation of ciclosporin serum levels by interfering with its 
metabolism in the liver. This can lead to acute reversible impairment 
of renal function (Martell et al., 1986; Ben-Ari et al., 1988). 

resulting in hospitalization after treatment with a 10-day course of 
erythromycin was estimated at 2.3 per million patients (about 66 cases 
annually in the USA) (Carson et al., 1993). None of these patients had 
taken erythromycin estolate, but this study demonstrated that 
jaundice occurred after erythromycin ethylsuccinate and erythromycin 
stearate. The risk of cholestatic jaundice was estimated at 0.4 per 
million patients by Derby et al. (1993), who studied a total of 366,064 
patients who had received one or more prescriptions of erythromycin. 
They estimated that the risk of cholestatic jaundice associated with 
erythromycin was approximately 3.6 per 100,000 users. It did not 
appear that erythromycin estolate caused jaundice more frequently 
than other erythromycin preparations, although only 3036 patients 
received the estolate. Lehtonen et al. (1991) administered erythro­
mycin ascitrate to 1549 patients. Only three patients (0.2%) 
developed hepatic damage attributable to the drug. 

Thus, hepatotoxicity can occur with any erythromycin formulation 
(Diehl et al., 1984; Ortuno et al., 1984), although most of the initial 
reports implicated the estolate formulation (Eichenwald, 1986). 

6c. Ototoxicity 

The incidence of ototoxicity is uncertain, but it is probably under­
estimated. A prospective case-control study found evidence of 
ototoxicity in 21% of patients receiving 4 g/day erythromycin, when 
audiograms were performed and patients were closely monitored 
(Swanson et al., 1992). Subjective symptoms begin within the first week 
of drug administration (Swanson et al., 1992; Sacristan et al., 1993), but 
are usually reversible within 1 to 30 days upon discontinuation of the 
drug (Brummett, 1993). However, irreversible unilateral tinnitus (Levin 
and' Behrenth, 1986) and irreversible hearing loss (Agusti et al., 1991) 
have been reported with intravenous administration of erythromycin 
lactobionate 4 and 2 g/day, respectively. The mechanism of erythromy­
cin ototoxicity is not known, but it may occur by an effect on the 
central auditory pathway (Brummett, 1993) and it is probably dose 
dependent (Taylor et al., 1981; Swanson et al., 1992). Although 
auditory dysfunction is most common, vestibular dysfunction may also 
occur (Quinnan and,McCabe, 1978). Erythromycin causes low local 
tinnitus, and hearing loss ranges from bilateral flat to high frequency 
sensorineural loss, which can be detected on audiograms at both 
conventional (0.25-8.0 kHz) and extended high frequencies (8-
14 kHz). Ototoxicity can occur with all formulations, including 
lactobionate and stearate (Dylewski, 1988; Sacristan et al., 1993). 
Pre-existing hepatic or renal abnormalities, advanced age, high dosages, 
and concurrent ototoxic medications are predisposing factors (Haydon 
et al., 1984; Umstead and Neumann, 1986; Vasquez et al., 1993). 
Ototoxicity has also been reported in patients without predisposing 
factors (Agusti et al., 1991; Sacristan et al., 1993). 

6d. Skin rashes 

Skin rashes may occur as a single manifestation, but are rare; as is 
eosinophilia and fever (Periti et al., 1993). The risk of erythromycin 



760 Macrolides and Ketolides 

hypersensitivity appears to be higher in patients allergic to other 
antibiotics, such as the penicillins (Boguniewicz and Leung, 1995). 
Severe reactions such as Stevens-Johnson syndrome have been 
reported (Sullivan et al., 1999). Erythromycin administered intramus­
cularly can cause pain at the injection side, and when administered 
intravenously causes thrombophlebitis (4%). 

6e. Cardiac toxicity 

Macrolides have been associated with prolongation of cardiac 
repolarization (prolongation of the QT interval). The molecular 
mechanism appears to be .a blockade of the human ether-a-go-go­
related gene (HERG) channel-dependent potassium current in 
myocyte membranes (Roden, 2008). These interactions may give 
rise to polymorphic ventricular tachycardia, lOrsades de pointes, or 
ventricular fibrillation. There is, however, no simple correlation 
between the prolongation of repolarization and the pro arrhythmic 
potential (noted to be erythromycin> clarithromycin> azithromycin) 
in the rabbit experimental model; which suggests other interactions of 
the drugs with the myocardial cells (Milberg et al., 2002). In humans, 
prolongation of QTc interval is most notable with erythromycin 
(lannini, 2002) and reaches clinically significant values (>30ms) 
(Oberg and Bauman, 1995). Totsades de pointes remains rare, 
however, except when combined with type Ia or III anti-arrhythmic 
agents, with other drugs that prolong the QTc interval such as 

7. CLINICAL USES OF THE Df\UG 

Owing to the availability of other macrolides with improved pharma­
cokinetic profile and lower rate of side-effects and drug interactions, 
erythromycin has only a few indications left as a first choice drug. If 
intravenous administration is necessary, it is an alternative for 
clarithromycin if intravenous clarithromycin is not available. 

Macrolides were long considered as an alternative to beta-lactams 
for the treatment of respiratory tract infections. The increasing rate of 
erythromycin resistance among common pathogens has meant that 
macrolide usage for these indications should be limited to countries 
where resistance is still relatively low (Brunton and lannini, 2005; 
Lode, 2007). . 

7a. Upper .respiratory tract infections 

Erythromycin is an effective alternative to penicillin G for the 
treatment of many infections caused by group A beta-hemolytic 
streptococci in penicillin-allergic patients (Feldman, 1993; Klein, 
1994). Streptococcal tonsillitis, scarlet fever, and erysipelas can be 
successfully treated by erythromycin. Erythromycin base or estolate 
given twice daily is just as effective for streptococcal tonsillitis as when 
given 6- or 8-hourly, provided that the same total daily dose is used 
(Breese et al., 1974; Ginsburg and Eichenwald, 1976; Hovi et al., 
1987). In one study, erythromycin estolate in a dose of 15 mg!kg 
12-hourly proved to be superior to erythromycin ethylsuccinate, given 
in the s~me dosage (Ginsburg et al., 1982). In another study 
erythromycin ethylsuccinate given at 50 mg!kg/day in two doses 
produced a high frequency of gastrointestinal symptoms and a greater 
bacteriologic failure rate in treating S. pyogenes pharyngitis than twice­
daily estolate (30 mg!kg/day) , each drug being given for 10 days 
(Ginsburg et al., 1984). The increasing resistance of some of these 
o;ganisms to erythromycin (and macrolides in general) all over the 
world is of concern (Bozdogan et al., 2003; Ioannidou et al., 2003; Yi 
et al., 2006; Inoue et al., 2008). 

Erythromycin is one of the most effective antimicrobial agents for 
treatment of nonstreptococcal pharyngitis due to Chlamydophila 
pneumoniae and M. pneumoniae (McDonald et al., 1985; Grays ton, 
1989). It is effective in pertussis infection when given early and is 

cisapride (van Haarst et al., 1998; Kyrmizakis et al., 2002), terfenadine, 
or drugs that compete for the same metabolic routes as macrolide~ 
(Dresser et al., 2000). A number of case reports have described 
episodes of cardiac toxicity in premature infants who have been 
treated with i.v. erythromycin, mainly for U. urealyticum infections 
(Farrar et al., 1993; Waites et al., 1993; Gouyon et al., 1994; Sims et al., 
1994). 

6f. Miscellaneous side-effects 

Interstitial nephritis and acute renal failure has been reported after 
oral erythromycin (Rosenfeld et al., 1983). An episode of erythromy­
cin-induced hemolytic anemia has been described by Wong et al. 
(1981). Reversible-.selective factor X deficiency and acute liver failure 
have been reported in a patient with chest infection treated with 
erythromycin base (Hosker and Jewell, 1983). 

6g. Risk in pregnancy. 

Erythromycin belongs to the B category .. There is, however, no 
evidence of teratogenicity or any other adverse effect on reproduction 
in female rats fed with erythromyci~ base before and during mating, 
during gestation, and through weaning of two successive litters. 

effective in decreasing transmission during pertussis outbreaks 
(Steketee et al., 1988). For treatment of diphtheria and for the carrier 
state with C. diphtheriae, erythromycin remains the drug of choice (see 
below under 7j. Diphtheria). ' 

Co-administration of erythromycin with a sulfonamide (most often 
sulfisoxazole, which has a half-life of about 5-6 hours) has previously 
been a popular treatment for otitis media, being more effective than 
erythromycin alone (Washington and Wilson, 1985; Bergeron et al., 
1987; Giebink and Canafax, 1991; Berman, 1995). Some failures of 
erythromycin therapy in otitis media may be due to erythromycin­
resistant S. pneumoniae strains (Tarpay et al., 1982). Amoxicillin is 
usually the preferred drug for otitis media (see Chapter 3, Ampicillin, 
Amoxicillin and Other Ampicillin-Like Penicillins). S. pyogenes and 
pneumococcal sinusitis also responds well to ·erythromycin, but that 
due to H. injluenzae may not (Kalm et al., 1975). Long-term 
erythromycin treatment (erythromycin base at 600mg/day for more [; 
than four months) was effective for the treatment of sinobronchial 
syndrome-associated otitis media with effusion (lino et al., 1993). 

7b. Community-acquired pneumonia and 
bronchitis 

Pneumococci and H. injluenzae are the common pathogens in bacterial 
bronchitis, and erythromycin is one of several effective drugs for the 
treatment of acute infections (Gordin et al., 1988b; Soderstrom et al., 
1991). Erythromycin is an effective alternative to penicillin G for the 
treatment of pneumococcal pneumonia. It is also effective in severe 
related infections, such as pneumococcal meningitis, if it is used in 
large doses (4-6 g daily) Lv., but cefotaxime (see Chapter 26, 
Cefotaxime) or ceftriaxone (see Chapter 27, Ceftriaxone) (and in 
some developing countries, chloramphenicol),' are preferable for this 
disease if penicillin G is contraindicated. Respiratory tract infections 
due to M. catarrhalis may respond well to erythromycin (Darelid et al., 
1993). 

Erythromycin is also active against M. pneumoniae infections, when 
it appears to be as efficient as tetracycline in shortening the course of 



the infection (Rasch and Mogabgab, 1965; Shames et al., 1970; Wenzel 
et al., 1976; l\1artin and Bates, 1991). 

Although Rhodococcus equi can cause pneumonia in normal 
individuals, it more commonly causes a destructive cavitadng 
pneumonia in pati~nts with immune system dysfunction, especially 
in patients with AIDS. Several antibiotics are effective against this 
organism, such as erythromycin, rifampicin, ciprofloxacin, aminoglyco~ 
sides, and vancomycin (Harvey and Sunstrum, 1991; Gillet~ Juvin 
et al., 1994; Verville et al., 1994). 

7 c. Legionella infections 

Erythromycin and other macrolides have been the drugs of choice for 
L. pneumoph~la pneumonia; however, some authors now consider 
fluoroquinolones to be better - although definitive studies regardi!1g 
this are lacking (Pedro~ Botet and Yu, 2006). Mild infections may be 
treated with oral erythromycin, but more severe cases should be 
treated intravenously with erythromycin 0.5-1.0 g 6~hourly. The 
higher intravenous dosage should always be given to immunosup~ 
pressed patients. A combination of Lv. erythromycin plus rifampicin 
(1200mg daily) is recommended for very ill patients and for those not 
responding to erythromycin (Fraser et al., 1978; Meyer, 1983; Muder 
et al., 1989; Nguyen et al., 1991; Edelstein, 1993; Roig et al., 1993). Of 
importance, erythromycin and rifampicin have important opposite 
effects on hepatic metabolism, which may result in modification in the 
efficacy or toxicity of other co~administered drugs, such as ciclosporin, 
with an increased risk of ciclosporin toxicity (Ampel and Wing, 1990). 
Other combinations between newer macrolides and fluoroquinolones 
have been recommended by some authors (Klein and Cunha, 1998). 

Some 20% of patients with Legionella pneumonia are septicemic and 
they may develop extrapulmonary lesions. Lesions such as Legionella 
peritonitis, bowel abscess, colitis, and cellulitis have been described. 
Bowel lesions may develop because of ingestion of the bacteria, rather 
than resulting from septicemia. The treatment of choice is, again, 
erythromycin or fluoroquinolones (Edelstein, 1993; Waldor et al., 
1993; Pedro~Botef and Yu, 2006). 

Legionella micdadei also causes pneumonia, but this occurs mainly as 
a nosocomial infection in immunocompromised hosts, such as renal 
transplant and bone marrow transplant patients, patients receiving 
steroids, and those who are hospitalized for prolonged periods 
(Schwebke et al., 1990). However, waterborne outbreaks have also 
occurred in the community (Goldberg et al., 1989). For L. micdadei 
pneumonia, erythromycin is one of the drugs of choice (Wing et al., 
1981; Schwebke et al., 1990). In cases of apparent failure of therapy 
with erythromycin, cotrimoxazole may be beneficial if fluoroquinolones 
cannot be used (Rudin et al., 1984). 

7 d. Chemoprophylaxis 

For endocarditis, chemoprophylaxis oral erythromycin stearate 1.0 g 
orally 2 hours before" the dental procedure and 0.5 g 6 hours later is 
one option for standard~risk penicillin~al1ergic patients. This erythro~ 
mycin regimen is also suitable for standard~risk patients who have been 
taking long~term penicillin prophylaxis for rheumatic fever. Erythro~ 
mycin may cause some gastrointestinal side~effects in these patients 
(Sefton et al., 1990). 

Erythromycin has previously been considered a suitable alternative 
to penicillin for prophylaxis against rheumatic fever (Ginsburg and 
Eichenwald, 1976). Suitabl~ dosage is a single daily dose of200mg for 
children and adults weighing more than 36 kg and 100 mg for those of 
lower weight. This chemoprophylaxis has been used continuously for 
over four years without side~effects or the development of re~~stant 
strains of S. pyogenes. Erythromycin~resistant strains of S. viridans often 
appear in the pharynx of patients receiving long~term erythromycin 
prophylaxis. In ten volunteers given three l~g doses of erythromycin 
stearate, elythromycin~resistant strains of S. viridans persisted in eight 
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of the te"h subjects at 23 weeks and were still present in five of eight 
subjects examined at 43 weeks (HarrisQn et al., 1985). In such patients 
with rheumatic heart disease receiving long~term erythromycin, who 
require temporary protection against endocarditis at the time of dental 
procedures etc., prophylaxis by an unrelated antibiotic, such as one of 
the cephalosporins, is indicated. Clindamycin is not suitable for this 
purpose, as erythromycin~resistant S. viridans strains are also often 
clindamycin resistant (Sprunt et al., 1970). 

7 e. Sexually transmitted diseases 

Erythromycin 500 mg four~times daily is recommended by the Centers 
for Disease Control and Prevention (CDC, 2002) for the treatment of 
lymphogranuloma venereum caused by C. trachoma tis (21 days' 
treatment) and of recurrent urethritis (7 days' treatment, combination 
with a single dose of metronidazole 2 g). Erythromycin 500 mg four 
times daily for 7 days is also proposed as an alternative in non~ 
gonococcal urethritis or in granuloma inguinale (donovanosis). The 
main indication for macrolides is, without doubt, infection with 
C. trachomatis - erythromycin is used in a dose of 500 mg four times a 
day for 7 days for this indication. Azithromycin (see. Chapter 62, 
Azithromycin) is now considered the drug of choice in many countries 
because it can be given in one high dose. Erythromycin was considered 
as a first choice in pregnant women, but more recent studies suggest 
that azithromycin is also safe and effective (Adair et al., 1998; ,Miller 
and Martin, 2000). Chlamydia infection in children, including 
ophthalmia neonatorum, is treated with erythromycin 50 mg!kg/day 
for 14 days divided in four administrations (CDC, 2002). However, its 
use has been associated with signs of hypertrophic pyloric stenosis in 
children younger than 6 weeks, so that monitoring should be 
considered (Cooper et al., 2002). 

Mycoplasma hominis has been implicated in pelvic inflammatory 
disease, postabortal and postpartum fever. However, infections caused 
by this Mycoplasma spp. do not respond to erythromycin, but the 
tetracyclines are effective (see Chapter 66, Tetracycline, Chapter 67, 
Doxycycline) (Plummer et al., 1987). 

For nongonococcal urethritis due to Ureaplasma urealyticum, 
doxycycline is the drug of choice (see Chapter 67, Doxycycline), but 
erythromycin is also effective and is suitable for pregnant women 
(CDC, 1993). Ureaplasma urealyticum may also cause postpartum 
infections, which can be treated by doxycycline or erythromycin 
(Plummer et al., 1987). This organism also causes neonatal bacteremia, 
pneumonia, and meningitis. Severe cases should be treated with i.v. 
erythromycin (Waites et al., 1992; Waites et al., 1993). 

Erythromycin 500 mg orally four times daily for 7 days is one of 
several effective therapies for chancroid. However, ceftriaxone or 
azithromycin are most commonly recommended (Dangor et al., 1990; 
Schmid, 1990; CDC, 1993). Chancroid is more difficult to cure in 
HIV~positive patients; the above dose of erythromycin is usually 
sufficient, but a lower dose such as 250 mg 8~hourly for 7 days may be 
inadequate (Behets et al., 1995). 

Erythromycin in a dosage of 2 g daily for 10-15 days has been used 
to treat primary or secondary syphilis in penicillin~al1ergic pregnant 
women. The disease in the mother is usually cured, but placental 
transfer of the drug is inconsistent and the fetus may remain infected 
(Rolfs, 1995). If possible, desensitization to penicillin G, is preferable 
(see Chapter 1, Benzylpenicillin (Penicillin G». 

7f. Gastrointestinal infections 

In Campylobacter enteritis, if erythromycin is given early, there may be 
some lessening of pain and the postinfection carrier state is shortened. 
However, erythromycin therapy does not generally reduce the duration 
or severity of diarrhea and other symptoms. The disease is usually 
short~lived and self~limiting, and no chemotherapy is necessary, unless 
the eradication of organisms from stools is important. If erythromycin 
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is used, an oral dose of 0.5 g 6~hourly is sufficient (Pai et al., 1983; 
Williams et al., 1989). However, clarithromycin is now often used for 
this indication. For C. jejuni septicemia, gentamicin is also an excellent 
option (McNulty, 1987). In contrast, in immunosuppressed patients 
such as those with HIV infection, C. jejuni enteritis can be prolonged 
and severe, necessitating prolonged therapy. However, resistance may 
become problematic (Gibreel and Taylor, 2006). 

In a series of patients with C. fetus bacteremia, relapse of one patient 
after therapy with erythromycin, and progress in vertebral osteomye~ 
~itis in another during treatment, suggested that erythromycin alone 
may not be suitable therapy (Francioli et al., 1985). 

7 g. Staphylococcal infections 

Severe S. aureus infections, such as septicaemia, may be successfully 
treated by large doses of Lv. erythromycin if the organism is susceptible 
(Shoemaker and Yow, 1954), but other drugs are preferred. Prolonged 
chemotherapy is often necessary for patients with severe disseminated 
staphylococcal infections, and oral erythromycin may be suitable for 
the extended treatment, although other alternatives are also now 
available. Oral erythromycin may be useful for the treatment of 
staphylococcal diseases such as boils, carbuncles, and wound infections 
when susceptible strains are involved. An oral dose of 1.0 g daily given 
for 7 days was effective in eradicating staphylococci from healthy nasal 
carriers in one study (Wilson et al., 1977), but usually mupirocin (see 
Chapter 78, Mupirocin) or rifampicin [see Chapter 113, Rifampicin 
(Rifampin)] are preferred. -

7h. Bartonella (formerly Rochalimaea) 
infections 

Bacteria of this genus cause cat scratch disease, bacillary angiomatosis, 
bacillary peliosis, and trench fever. In bacillary angiomatosis, there are 
localized vascular proliferative lesions in skin and extracutaneous 
organs, and, in bacillary peliosis, there are changes in the hepatic or 
splenic parenchyma. In addition, bacteremia may occur in AIDS 
patients and lesions may develop in other parts of the body. There are 
numerous species in this genus, but three main species are Bartonella 
quintana, B. henselae, and B. elizaQ~thae. In World War I, B. quintana 
caused trench fever, and this was probably louse~borne; B. henselae is 
carried by cats and it causes cai:~scratch disease. All three species can 
cause the severe syndromes occurring in HIV~infected patients. 
Additionally, B. quintana bacteremia has been described in patients 
with chronic alcoholism (Spach et al.,'1995a), and endocarditis due to 
this organism has been reported in homeless men (Drancourt et al., 
1995; Spach et al., 1995b). For mild disease, oral erythromycin may be 
used, but, for severe infections, the drug should be given Lv. or 
alternatives should be used including doxycycline. Therapy should 
usually be prolonged (Schwartzman, 1992; Koehler and Tappero, 1993; 
Koehler et al., 1994; Tompkins, 1994; McGregor and Sorrell, 1995). 

7i. Pertussis 

Erythromycin may prevent whooping cough in exposed susceptible 
individuals, and may also attenuate the illness if given early in the 
course of the disease (Linnemann et al., 1975; Altemeier and Ayoub, 
1977; Bergquist et al., 1987). Mothers with pertussis can safely nurse 
their infants if both receive erythromycin (Granstrom et al., 1987). In 
one pertussis outbreak in a facility for the developmentally disabled, 
erythromycin prophylaxis was effective in exposed patients. Carbama~ 
zepine toxicity occurred in 7 (19%) of 37 residents when this drug was 
administered together with erythromycin (Stekt;tee et al., 1988). 

Once the paroxysmal stage is reached, erythromycin, like other 
antibiotics, doe,s not influence the natural course of the illness. It may 
be useful in preventing secondary bacterial infection and it also 
eliminates pertussis organisms from the nasopharynx, possibly 

rendering the patients noninfectious and reducing the number of 
secondary cases (Bass et al., 1969; Nelson, 1969; Bergquist et al., 
1987). It appears worthwhile using erythromycin in pertussis in 
children younger than six months, diagnosed early, and for older 
children if they are seriously ill or diagnosed during the first week or so 
of their symptoms. Cases of erythromycin-resistant B. pertussis have 
been reported (Lewis et al., 1995). 

7j. Diphtheria 

Erythromycin is active against C. diphtheriae, but the administration of 
specific diphtheria antitoxin is essential for treatment of the disease 
itself; a course of erythromycin (or penicillin G or V) for 7-14 days 
should also be given so that the organism will be eradicated, toxin 
production terminated, and the likelihood of transmIssion decreased 
(Farfzo et al., 1993; Wilson, 1995). Erythromycin is effective in 
eliminating C. diphtheriae from carriers (Ginsburg and Eichenwald, 
1976). Miller et al. (1974)' however, found a 21 % relapse rate 2 weeks 
after a 6~day course of erythromycin, but this may have been a result of 
reinfection. Erythromycin for 7 days or i.m. benzathine penicillin are 
options for unimmunized household contacts of diphtheria (CDC, 
1985). 

71<. Mycobacterial infections 

The newer macrolides, such as clarithromycin and azithromycin, are 
now preferred for the treatment of nontuberculous mycobacterial 
infections (see Chapter 61, Clarithromycin). Nevertheless, M. chelonae 
chest infection was successfully treated with 2.0 g oral erythromycin 
daily in one patient (Irwin et al., 1982). Erythromycin has also been 
combined with various other drugs, such as cefoxitin and amikacin, for 
the treatment of M. chelonae and M. fortuitum infections. 

Erythromycin demonstrated no advantage over isoniazid in a 
controlled trial of treatment of adverse reactions to bacille Calm~ 
ette-Guerin (BCG) vaccination (Hanley et al., 1985). Caglayan et al. 
(1987) could 'not demonstrate any superiority of erythromycin over 
placebo for the treatment of regional lymphadenitis and abscesses 
which followed BCG vaccinations. However, Murphy et al. (1989) 
reported two patients in whom post~ BCG vaccination abscesses 
appeared to heal with erythromycin therapy. ' 

71. Q fever 

A number of authors have reported treatment success with 
erythromycin for Q fever, although tetracyclines, especially doxycy~ 
cline, remain the drug of choice. Five patients with Q fever pneumonia 
all showed reduction or resolution of fever within 48 hours of 
commencing treatment with i.v. erythromycin in a dosage of 500mg 
6~hourly (D'Angelo and Hetherington, 1979). perez~del~Molino et al. 
(1991) had a similar experience with both Lv. and oral erythromycin. 

7m. Inflammatory diseases of the 
respiratory tract 

Erythromycin or other macrolides are used as adjuvant therapy for a 
series of chronic respiratory tract conditions, such as diffuse 
panbronchiolitis (a pathology which is frequent in Japan), chronic 
sinusitis, asthma, bronchiectasis, and pulmonary infections in cystic 
fibrosis patients, even if the causative organisms are not susceptible to 
the activity of erythromycin (Hoyt and Robbins, 2001; Garey et al., 
2003). Improvement in patients has been attributed to the anti~ 
inflammatory effect of the macrolide rather to any antibiotic activity. 



7n. Other infections 

Large doses of i.v. erythromycin were used in the past for viridans 
streptococcal endocarditis in penicillin~allergic patients, but now 
cephalothin (see Chapter 18, Cephalothin and Cefazolin) or 
ceftriaxone (see Chapter 27, Ceftriaxone) are preferred. It also has 
been used under the same circumstances for E. faecalis endocarditis, 
but the role of erythromycin in this diseases has been questioned and, 
in any case, vancomycin plus gentamicin is now preferred. 

Erythromycin in large doses i.v. is an effective alternative to 
penicillin G for the treatment of gas gangrene in penicillin~allergic 
patients. Occasionally strains of C. perfringens may be resistant to 
erythromy~in. In such cases, clindamycin, chloramphenicol, or 
metronidazole can be used. 

Erythromycin or one of the tetracyclines are alternatives to 
penicillin G for the treatment of actinomycosis in penicillin~allergic 
patients (Holmberg et al., 1977). 
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