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Atypical Pneumonia Syndromes
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Oral Antibiotics for Pneumonia

Neil B. Hampson, MD,* Roger A. Woolf, PharmD, ¥

Pneumonia is a significant cause of morbidity
and death in the United States, affecting more
than 3 million Americans each year and neces-
sitating the hospitalization of more than 500,000
annually.” Community-acquired pneumonia re-
quiring hospitalization may have a mortality rate
of 10% to 25%,* emphasizing the importance
of prompt and effective treatment. As the ma-
jority of patients are not hospitalized, a thor-
ough understanding of oral antibiotic selection

for the initial treatment of pneumonia is essen-
tial. This includes a knowledge of the antibiotic

classes available for oral administration, the
utility of diagnostic testing to determine an
etiologic agent, the epidemiology of causative
agents in pneumonia, the antibiotic sensitivities
of those organisms, and, finally, a rational ap-
proach to empiric therapy when the infectious
agent cannot be immediately identified. This
article will review these topics with the goal of
improved therapeutic efficacy in the oral treat-
ment of pneumonia.

CLASSES OF ORAL ANTIBIOTICS

Numerous agents are available for the treat-
ment of pulmonary infections. Appropriate use
requires an understanding of their spectrum of
activity, pharmacology, adverse effects, and ex-
pense profile. The classes of antibiotics de-
scribed here represent those available in an oral
dosage form that can be used in the primary
treatment of mild to moderate pulmonary infec-
tions or the continuation of therapy that was
initiated parenterally.

and Steven C. Springmeyer, MD*

Penicillins

Mechanism of Action and Resistance. The
antibacterial activity of penicillins results from
the inhibition of cell wall synthesis. This inhi-
bition is accomplished by covalent binding to
various penicillin-binding proteins (PBPs) in-
volved in the mucopeptide synthesis of the
bacterial cell wall. The primary mechanism of
resistance to penicillins is the production of B-
lactamases, which hydrolyze the B-lactam struc-
ture of the penicillins and thereby inactivate
the drug. Altered PBPs with decreased affinity
for penicillin or a reduction in the outer mem-
brane permeability of gram-negative organisms
can contribute to penicillin resistance.*>

" Spectrum of Activity. The penicillins remain
an important class of antibiotics for the treat-
ment of pulmonary infections. The various
agents can be conveniently d1v1ded into classes
based on antibacterial activity.* 4 %

The natural penicillins; penicillin G and pen-
icillin V, are active against several respiratory
pathogens, including the most common,
Streptococcus pneumoniae. Penicillin-resis-
tant Strep. pneumoniae has only rarely been
encountered;?® Most oropharyngeal ‘anaerobes
(except” Bacteroides fragilis) are inhibited by
penicillin. Penicillins G and V are readlly ‘hy-
drolyzed by B-lactamases and therefore are not
effective against B-lactamase—producing strains
of staphylococc1 ‘and Haemophzlus influenzae.
Most gram-negative organisms are resistant. to
penicillin” becaiise, of either outer . cell-mem-
brane 1mpermeab1hty or the productlon of B
lactamases & -

E
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Table 1. Pharmacokinetic Properties of Oral Antibiotics

ORAL FOOD PEAK SERUM PROTEIN SERUM MAJOR ROUTE
ABSORPTION DECREASES LEVEL (pg/mD BINDING HALF-LIFE OF
GENERIC NAME (%) ABSORPTION (DOSE)* (%) (HRS) EXCRETION
Penicillins
Penicillin G 20 Yes 2 (500 mg) 55 0.5 Renal
Penicillin V 60 No 4 (500 mg) 80 1 Renal
Ampicillin 40 Yes 3.5 (300 mg) 17 1 Renal
Amoxicillin 75 No 7.5 (500 mg) 17 1 Renal
Cloxacillin 50 Yes 10 (500 mg) 94 0.5 Renal
Dicloxacillin 50 Yes 15 (500 mg) 97 0.5 Renal
Amoxicillin/clavulanic acidi 75 No 7.1/3.1 (500/125 mg) 20/30 1/1 Renal
Cephalosporins
Cephradine 95 No 21.3 (15 mg/kg) 6-13 0.7 Renal
Cephalexin 95 No 23.4 (15 mg/kg) 6-20 0.75 Renal
Cefadroxil 95 No 13.7 (15 mgrkg) 20 1.2 Renal
Cefaclor 95 No 13.1 (15 mgkg) 25 0.5 Renal
Cefuroxime 37-52 Increases 13.6 (15 mg/kg) 33-50 1.3 Renal
Cefixime 40 No 4.8 (400 mg) 67 3 Renal
Erythromycin
Erythromycin base n/a Yes 0.3-1.9 {500 mg) 40-90 1.4 Biliary
Erythromycin stearate n/a Yes 0.4-1.8 (500 mg) 40-90 1.4 Biliary
Erythromycin estolate n/a No 1.1 {300 mg)+ 40-90 1.4 Biliary
Erythromycin ethylsuccinate n/a Yes 0.6 (500 mg)+ 40-90 1.4 Biliary
Miscellaneous
Tetracycline 77 Yes 4 (500 mg) 63 8 Renal
Doxycycline 93 No 2.5 (200 mg) 93 18 Renal/fecal
Trimethoprim/sulfamethoxazole} 85-90 No 2/40 (100 mg/80 mg) 65-70/70 10711 Renal
Clindamycin 90 No 2.5 (150 mg) 90 2.4 Biliary
Ciprofloxacin 85 No 2.3 (500 mg) 35 3.4 Renal/biliary

*Peak levels based on single dose in fasting state.
iRepresents free base level.

tParameters listed for both drug components.
Adapted from references 3, 14, 41, 53, 55 and 66.

The penicillinase-resistant penicillins with
adequate absorption after oral administration
are cloxacillin and dicloxacillin. This group of
penicillins is resistant to hydrolysis by B-lacta-
mases produced by Staphylococcus aureus.
They are considered the drug of choice for most
infections caused by Staph. aureus, despite the
increasing incidence of methicillin-resistant
strains.

The extended-spectrum penicillins include
ampicillin and the related compounds amoxicil-
lin, bacampicillin, and cyclacillin. They are very
similar to penicillin G in their spectrum of
activity but are more active against certain
gram-negative organisms, including pB-lacta-
mase-negative H. influenzae and Moraxella
(Branhamella) catarrhalis, many Escherichia
coli, and some Proteus mirabilis. This increased
activity is secondary to enhanced penetration
through the outer membrane of gram-negative
bacteria. These agents are susceptible to B-
lactamases and therefore are not active against
staphylococei or gram-negative organisms that
produce B-lactamases.

The common occurrence of B-lactamases that
mediate resistance to B-lactam antibiotics has
led to the development of B-lactamase inhibi-
tors. The inhibitor clavulanic acid is available

as an oral combination preparation with amoxi-
cillin. The clavulanic acid component extends
the spectrum of amoxicillin activity to include
B-lactamase-producing strains of Staph. aureus,
H. influenzae, and M. catarrhalis and several
aerobic and anaerobic gram-negative bacilli
such as Klebsiella pneumoniae and Bacteroides
fragilis.

Of the antipseudomonal penicillins, only car-
benicillin is available in an oral dosage form. It
achieves therapeutic levels only in the urine
and therefore should not be considered for the
treatment of pulmonary infections.

Pharmacology. Penicillins differ significantly
in the extent of absorption after oral adminis-
tration (Table 1).*"3® Penicillin G is unstable to
acid and is not well absorbed from the gastroin-
testinal tract. Penicillin V is more extensively
and reliably absorbed and therefore the pre-
ferred agent for oral therapy.

Ampicillin is only about 40% absorbed,
whereas amoxicillin is almost completely ab-
sorbed, with peak levels 1.5 to 2 times those
provided by the same dose of ampicillin. This
better absorption permits less frequent dosing
(every 8 hours), and less drug remains in the
gastrointestinal tract to produce diarrhea. Ba-
campicillin and cyclacillin are essentially pro-
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Table 2. Dosing and Expense Profile of Oral Antibiotics. .
#i= ADULT DOSE e
(mg) g . COST PER
AND INTERVAL GENERIC 10 DAYS -
GENERIC NAME TRADE NAME, (br) .- “AVAILABLE THERAPY*
Penicillins : N o g
Penicillin V Veetids, Pen VK 250-500 g6 - Yes - -~ 2.50
Ampicillin Principin, Omnipen 250-500 g6, .. Yes . 4.50
Amoxicillin Amoxil, Polymox . 250-500 g8 Yes 4.50
Cloxacillin Cloxapen, Tegopen ~ ° 250-500 g6 Yes’ 17.50
Dicloxacillin Dynapen, Pathocil : 250 g6 Yes 13.00
Amoxicillin/clavulanic acid Augmentin <. 250-500 871 - No -~ 42.00 -
Cephalosporins B e o
Cephradine Velocef, Anspor - 250-500 g6 Yes 24.50
Cephalexin Keflex, Keftab . e, 250-500 g6 Yes 22.50
Cefadroxil Duricef, Ultracef - 500 q12.. Yes . . 39.00
Cefaclor Ceclor 250-500 g8 No 57.00
Cefuroxime Ceftin " 250-500 ql2° No = 57.50
Cefixime Suprax T = 200 q12 - No '« 41.50
Ervthromycin ‘ ? B ‘ R
Erythromyein base E-mycin, Ery- tab 250-500 g6 ¢ Yes ' 7.50
Erythromycin estolate Tlosone : .250-500 g6 - o Yesooo 8.50
Erythromycin stearate Erythrocin | 250-500 g6 - : Yes .. 7.50
Erythromycin ethylsuccinate E.E.S. 400-800 g6 . Yes | 12.00
Miscellaneous S R R L
Tetracycline Achromyein 250-500 ¢6. - Yes . 2.00
Doxycycline Vibramyein - . 50-100 q12 T Yes o 3.00
Trimethoprim-sulfamethoxazole Bactrim, Septra 80~160 ql23% _ Yes 3.00
Clindamycin Cleocin 150-300 g6 + Yes. - . 34.00
Ciprofloxacin Cipro 250-500 g12 - No- . 39.50

*Cost to the pharmacist for 10 days’ treatment based on Average Wholesale Price Llstmg in Drug Topzcs Red Book 1989,

Reflects average price for generic when available.
tDosage of amoxicillin component.
+Dosage of trimethoprim component.
Data from references 10 and 55.

drugs of ampicillin designed to improve overall
absorption. They have no therapeutic advantage
over amoxicillin and tend to be substantlally
more costly. o

Of the penicillinase-resistant penicillins, only
cloxacillin and dicloxacillin produce high and
predictable blood levels with oral admrmstra—
tion. :

Penicillins are well distributed into most
body fluids, including the lung and pleural
space. Their route of elimination is the kidney,
both by glomerular filtration and by tubular
secretion.

Adverse Effects. Allergic reactions are the
best known side effects of the penicillins and
range in severity from a rash to immediate
anaphylaxis. Gastrointestinal disturbance can
follow the use of any of the oral penicillins but
is most pronounced with ampicillin and higher

dosages of the amoxicillin-clavulanic acid com-

bination.

Cephalosporins

Mechanisms of Action and Resistance. Nu-
merous cephalosporins have appeared over the

;

past decade, with more than 20 agents currently
on the US market and six available in an oral
dosage form. Cephalosporins are B-lactam an-
tibiotics like the penicillins with essentially the
same mechamsms of ant1bacter1al activity and
resistance.

Spectrum of Activity. On the basis of differ-
ences in activity, the cephalosporins have tra-
ditionally been classified into generations.™ *- %
Progression from the first to the third genera—
tion generally means a greater resistance to -
lactamase; a broader gram- negahve spectrum
and h1gher cost (Table 2).- o 3
" The first-generation cephalosporms cepha—
lexm céphradine and -cefadroxil,; have" similar
activity and can be considered therapeutlcally

interchangeable. They have a broad: spectrum .
of activity against several pulmonary pathogens, : ;

including most streptococci, staphylococci; and -
a limited number of community- acqmred gram-'?y
negative organisms. o

The second-generation cephalosporlns

clude cefaclor and cefuroxime axetil. They have

increased B-lactamase stability and somewhat
broader activity against gram-negative organ-

feiv
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isms. Of particular note in pulmonary infections
is the increased activity against B-lactamase—
producing strains of H. influenzae and M. ca-
tarrhalis.

The oral third-generation cephalosporin, ce-
fixime, is significantly more active than the
other cephalosporins against gram-negative or-
ganisms including E. coli, K. pneumoniae, P.
mirabilis, and B-lactamase—producing strains of
H. influenzae and M. catarrhalis.®® Cefixime is
highly active against Strep. pneumoniae but,
unlike the other cephalosporins, is not very
active against Staph. aureus.

Pharmacology. The pharmacologic features
of the oral cephalosporins are shown in Table
1.1 % In general, these agents are rapidly and
well absorbed. Cephradine, cephalexin, cefad-
roxil, and cefaclor are almost completely ab-
sorbed, with cefuroxime and cefixime being
absorbed to a lesser extent. Cephradine, cefa-
droxil, and cefaclor achieve higher peak serum
concentrations when taken on an empty stom-
ach. Cefixime absorption is unaffected by food,
and cefuroxime has better absorption when
taken with food.®® With the exception of cefix-
ime, all of the oral cephalosporins are elimi-
nated unchanged in the urine. Cefixime is elim-
inated primarily by nonrenal mechanisms such
as the biliary tract.

Cefadroxil and cefuroxime have longer half-
lives, which allows 12-hour dosing as opposed
to 6- to 8-hour dosing for cephradine, cepha-
lexin, and cefaclor. Cefixime has the longest
half-life (3 to 4 hours) and may be given once
or twice daily.

Adverse Effects. Hypersensitivity reactions
and gastrointestinal upset are the most common
adverse effects associated with oral cephalo-
sporins. The rate of cross allergy to cephalo-
sporins in penicillin-allergic patients ranges
from 5% to 16%.'* Use of cephalosporins in
penicillin-allergic patients should be guided by
the severity of the allergic reaction and the
availability of treatment alternatives. Thus,
every effort should be made to avoid cephalo-
sporins in patients who have had immediate
IgE-mediated reactions (e.g., anaphylaxis), but
it is reasonable to consider cephalosporin use
in patients with a history of less serious allergic
reactions.

Erythromycin
Mechanism of Action and Resistance. Eryth-

romycin is a bacteriostatic agent that exerts its
effect by interfering with protein synthesis at

the 50S ribosomal subunit. Resistance usually
involves alterations in this subunit that decrease
the binding of the drug.

Spectrum of Activity. Erythromycin is a ma-
crolide antibiotic with activity against gram-
positive cocci including Strep. pneumoniae and
group A streptococci, some H. influenzae, most
anaerobes, and miscellaneous organisms includ-
ing Mycoplasma pneumoniae, atypical mycobac-
teria, Legionella pneumoniae, and some rickett-
siae.® ™ With regard to pulmonary infections,
its principal clinical use is as an alternative to
penicillin for pneumococcal pneumonia and as
a primary drug of choice for mycoplasma infec-
tion and Legionnaires’ disease.

Pharmacology. Erythromycin base and its
available salts (stearate, estolate, and ethylsuc-
cinate) are well absorbed in the fasting state.
The base and stearate salt are absorbed as the
free base, whereas the estolate and ethylsuccin-
ate are absorbed as both intact ester and free
base. When comparing the bioavailability of the
various dosage forms, one must distinguish be-
tween the serum levels of the active base and
of the inactive esters. Estolate products produce
total serum levels (base plus ester) that are
approximately three times those achieved with
the base or stearate. However, free base levels
achieved with estolate administration are simi-
lar to those achieved with the other forms, as
only 20% to 30% of the total level is present as
free base. Only about 53% of the ethylsuccinate
preparation is absorbed as free base, necessitat-
ing administration of 400 mg of ethylsuccinate
to produce free erythromycin serum levels
equivalent to those seen with 250 mg of the
other dosage forms. In general, the erythro-
mycin preparations have various degrees of
bioavailability but produce similar free base
levels when taken in the fasting state (see Table
1).% Food in the stomach reduces absorption
except with the estolate and some enteric-
coated base formulations. Erythromycin dif-
fuses readily and results in therapeutic concen-
trations in pulmonary secretions and tissue.®
Most of the drug is concentrated in the liver
and excreted into the bile. Less than 5% ap-
pears in the urine as unchanged drug.

Adverse Effects. Gastrointestinal distress is
the most common side effect of oral therapy.
This effect appears to be secondary to stimula-
tion of gastrointestinal motility by erythromycin
and tends to be dose related. Symptoms may
be lessened by taking the medication with food
or by temporarily reducing the dose. There are
no adequate data in adults to indicate that any
formulation of erythromycin produces fewer
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gastrointestinal side effects. Cholestatic hepati-
tis has occurred rarely with erythyromycin ad-
ministration, most commonly with the estolate
preparation.™ In view of the bioavailability,
adverse effects, and cost, enteric-coated -base
should be considered the product of ch01ce for
most situations. R

Erythromycin can reduce the clearance of
certain drugs (theophylline, warfarin, carbam-
azepine, and others) by inhibiting hepatic me-
tabolism. Patients receiving concomitant ther-
apy should be monitored for ewdence of
toxicity.

Tetracyclines

Mechanism of Action and Resistance. The
tetracyclines are bacteriostatic and exert their
effect by binding to the 30S subunit of the
bacterial ribosome to inhibit protein synthesis.
Resistance is mediated by reduced transport of
tetracycline into the cell or by an increase in
the organism’s ability to export the drug out. of
the cell.&

Spectrum of Activity. In general, all tetra—
eycline analogues have a similar spectrum of
activity, and none possesses a therapeutic ad-
vantage over tetracycline. Tetracyclines. are
broad-spectrum agents with activity similar, to
that of erythromycin against bacteria, myco-
plasmas, chlamydiae, and rickettsiae. Tetracy-
clines have greater activity against gram-nega-
tive organisms, but widespread indiscriminate
use has resulted in extensive bacterial resis-
tance. '

Pharmacology. Although several tetracycline
derivatives are available, only tetracycline and
doxycycline need be considered for therapy of

pulmonary infections. Oral absorption generally
exceeds 80% but can be significantly poorer in
the presence of food or polyvalent cations such
as iron, aluminum salts, and milk products
containing calcium. All tetracyclines are ex-
creted in the urine and feces. Tetracycline is
primarily excreted by the kidneys by glomerular

filtration. Doxycycline is excreted with a greater

extent in the feces as an inactive conjugate and “.. diarrhea, rashand drug fever. Serious a dverse‘

does not accumulate in renal failure.%

Adverse Effects. Gastrointestinal upset, diar-",
rhea, and photosensitivity are the most common :
adverse effects. Tetracyclines should not be”
used in children or pregnant women because

of deposition in the bones and teeth.

Clindamycin

Mechanism of Action and Resistance. Clin-.

damyecin acts at the level of the 508 ribosom

]ohnson syndrome. :

to inhibit protein-synthesis. Resistance is most
likely the result-of alteration®of:the ribosome

vthat interferes with antibiotic binding. -

- Spectrum of Activity. Clindamycin is active
agalnst most staphylococci and streptococci and

_broadly ‘active against both  gram-positive and

gram-negative anaerobes, including B. fragilis.
With regard to pulmonary infections, the pri-
mary use is in the treatment of lung abscess _
and aspiration pneumonia:%- - . o0

< Pharmacology. Clindamycin is well absorbed
(90%) after oral administration. Absorption is
slightly delayed but not decreased by ingestion
of food. ‘Most of the drug is metabohzed and
excreted in the bile: : :

:~Adverse Effects.’ Hypersen51t1v1ty reactlons
can occur, but the:most:common side- effects
involve the gastrointestinal tract!: Effects range
from upset to pseudomembranous colitis sec-
ondary to toxin produced by an overgrowth of

C lostndlum dzfﬁc:le

I

Trimethoprim-Sulfamethoxazole
“:Mechanism of Action and Resistance. Sulfa-
methoxazole and trimethoprim inhibit different
enzymes in the bacterial folic™acid ‘synthesis
pathway Resistance is most often attrlb_utable
to acquisition of alternative enzymes.® -
Spectrum of Activity. The comblnatlon has
activity against both gram-positive and’ gram-
negative organisms,”including many strains of
Staph. aureus, H. influenzae, E. coh P mira-
bilis; and Klebsiella species.  © :
Pharmacology. Trimethoprim is avallable for
oral use in a fixed combination’ with sulfameth-
oxazole in a ratio of 1:5. Both trimethoprim and
sulfamethoxazole are well absorbed and distrib-
ute widely into tisstues, with lung and sputum
levels being at least 80% of*“those in the
plasma.*> Both. agents are partially metabolized
and then' excreted, prlmarlly in the kidneys by -
glomerular filtration. .
“Adverse Effects: The common adverse effects

. of trlmethoprlm sulfamethoxazole are nausea,

effects fromthe sulfa component include he-
molytic anemia, hematop01et1c depression, and
hypersensitivity reactions,’ mcludlng Stevens-

Nahd1x1c acid and cinoxacin are older quino-

’lories used to'treat urmary tract infections. The
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new quinolones, although structurally related,
have a much enhanced spectrum of activity and
achieve good systemic levels after oral use.
Ciprofloxacin is currently the only oral quino-
lone available with absorption adequate for the
treatment of pulmonary infections. However,
several other agents, including enoxacin, pe-
floxacin, and ofloxacin, are currently in clinical
trials.

Mechanism of Action and Resistance. Quin-
olones exert their antibacterial effect by inhib-
iting an enzyme essential for DNA synthesis.
This enzyme, DNA gyrase, is required for the
supercoiling and relaxing of DNA strands dur-
ing synthesis. Resistance is uncommon and oc-
curs as a result of a mutation in DNA gyrase
that reduces quinolone affinity.

Spectrum of Activity. In general, the quino-
lones have excellent activity against gram-neg-
ative pulmonary pathogens such as H. influen-
zae and the enterobacteriaceae. They also have
good activity against Pseudomonas aeruginosa
and staphylococei (including methicillin-resis-
tant strains). Streptococci are somewhat less
susceptible, and antianaerobe activity is poor.
Legionella is also inhibited by the quinolones,
and there is variable activity against mycoplas-
mas and chlamydiae.

Pharmacology. Ciproflaxacin is rapidly ab-
sorbed from the gastrointestinal tract and
widely distributed in body fluids, with sputum
levels equal to or exceeding the corresponding
serum levels.® The absorption of all quinolones
is significantly reduced by magnesium- or alu-
minum-containing antacids, and concomitant
administration should be avoided.®® Excretion
is predominantly via the kidneys as unchanged
drug. The serum half-lives of the fluoroquino-
lones generally are long, ranging from 4 hours
for ciprofloxacin to 6 to 10 hours for some agents
soon to be released. The long half-lives permit
administration twice daily for ciprofloxacin and
possibly once daily for some of the newer
agents.

Adverse Effects. Gastrointestinal side effects
are the most common adverse effect. Central
nervous system side effects include headache,
insomnia, and dizziness. Ciprofloxacin can in-
hibit the metabolism of theophylline and pos-
sibly increase the risk for theophylline toxicity.

IDENTIFICATION OF AN ETIOLOGIC
AGENT FOR PNEUMONIA

When a patient presents with community-
acquired lower respiratory-tract infection, sev-

eral factors must be considered before selecting
an oral antibiotic for treatment. First and fore-
most, the patient must be a candidate for treat-
ment by the oral route. The clinician must not
have a significant suspicion that the patient is
likely to fail enteral administration of medica-
tion, because such failure may be associated
with significant morbidity and even death. A
candidate for treatment of bacterial pneumonia
with an oral regimen should have limited dis-
ease, should be relatively nontoxic without bac-
teremia, should not have significant immuno-
compromise, and should be suspected to be
infected by an organism generally sensitive to
an oral regimen. Patients not meeting these
criteria require hospitalization for initial par-
enteral antibiotic therapy and are not the focus
of this discussion.

Primary clinical evaluation should attempt
prompt identification of a specific microbe prior
to selection of an antibiotic. The combination
of clinical history, physical examination, chest
radiograph, sputum examination, and blood cul-
ture frequently is sufficient to identify the in-
fecting organism or to eliminate from consid-
eration those patients who are not candidates
for oral therapy.

Sputum analysis is the traditional first step
toward specific identification of an etiologic
agent for pneumonia. Sputum Gram stain has
the potential to provide rapid recognition of a
predominant organism. Because sputum origi-
nating in the lower respiratory tract may be-
come contaminated with resident flora of the
upper respiratory tract during expectoration, it
is necessary to screen specimens to reduce the
rate of false-positive tests. It has been suggested
that sputum examined under low magnification
(X 10 objective) should exhibit fewer than 10
squamous epithelial cells and more than 25
polymorphonuclear cells per field to minimize
the likelihood that the results represent contam-
ination from the upper airway.® When this or
similar screening has been performed, the find-
ing of a predominant population of intracellular
organisms correlates well with specimens ob-
tained from the lower respiratory tract, allowing
very specific antibiotic selection.?* 5 72

Routine sputum culture has limitations simi-
lar to those of the sputum stain because of the
potential for contamination by oral flora. Spu-
tum culture results must be interpreted in light
of the information previously gained by micro-
scopic examination in an attempt to recognize
the predominant pathogen among several that
may be cultured.? The sensitivity of the sputum
culture in proved pneumococcal pneumonia
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ranges from 48% to 100%.7 *! Low diagnostic
yield in community-acquired pneumonia of all
etiologies occurs because sputum quality is
poor, the pathogen is overgrown by colonizers
or contaminants, and the organism may require
specific culture media. Some investigators sug-
gest that culture adds little to microscopic spu-
tum examination when a predominant organism
is seen on a good-quality specimen.® *

Blood culture has a sensitivity from 4% to
41% for diagnosis of community-acquired pneu-
monia.® ™ Review of available studies would
suggest an average yield of approximately
15%.'% 3. 1 Degpite this, two blood cultures
should be obtained during the initial evaluation
because isolation of a microorganism almost
always correlates with the pulmonic infection
and leads to very specific antimicrobial therapy.
In addition, positive blood cultures identify
patients who should receive parenteral therapy
initially, as noted previously.

Early identification of a pathogen allows spe-
cific selection of antibiotic therapy. However,
when the patient has clinical evidence of pneu-
monia and no predominant organism on Gram
stain, oral antibiotic selection must be based at
least in part on an epidemiologic knowledge of
the disease. Many studies have been published
over the past two decades that help shape the
selection of empiric therapy. Eight of these
studies are summarized in Table 3.3 3. 33 3. 4.
.77 Differences in the frequency of isolation
of various organisms among these studies are
attributable to differences among study popu-
lations, severity of illness, and diagnostic tech-
niques. Despite this, general conclusions can
be drawn regarding the incidence of various
pathogens in acute lower respiratory tract infec-
tion. Additionally, it can be seen that even
when specialized cultures and serology for both
typical and atypical organisms are performed,
no etiology is determined for as many as one
half of the community-acquired pneumonias.

After a discussion of specific oral antibiotic

401

treatment for the more common:lower respira-
tory tract pathogens, an empiric approach to
therapy.will be outlined that is based on chmcal
factors and these epldemlologlc data '

oy

e

THEBAPY FOR SPECIFIC OBGANISMS

Streptococcus pneumomae

Streptococcus pneumamae (pneumococcus) is
the most frequent bacterial cause of community-
acquired pneumonia in ‘virtually all studies re-
ported:»xAmong those series summarized in Ta-
ble 3, it.was isolated in 9% to 76% of patients.
When' examination of a high-quality sputum
specimen’ reveals*a.-preponderance of gram-
positive lancet-shaped diplococci; the presence
of pneumococcus is strongly suggested.” Strep-
tococcus < pneumoniae’ will usually: grow: from
subsequent culture, and the patient responds
to specific antipneumococcal therapy.® ® Prob-
lems with the sensitivity of sputum analysxs
have previously been discussed. = -~ it

In young adults with mild, uncomphcated
pneumococcal pneumonia, oral antibiotics may
be appropriate, and a number of agents’are
effective. Penicillin.V is-the drug of choice and
will usually be effective ‘in relatively low doses
(250-500 mg four times daily). In cases of pen-
icillin allergy, erythromycin may be substituted
(500 mg four times daily). Alternatives such ‘as
first-generation cephalosporins, » clindamycin,
trimethoprim-sulfamethoxazole, - tetracycline,
and amoxicillin-clavulanic acid all possess activ-
ity against Strep. pneumoniae:but are‘less ac-
ceptable than penicillin for reasons of cost, side
effects, or. effectiveness. :

Use of the fluoroquinolone antlblotlcs for
infections - caused :by Strep. pneumoniae ‘has
been a topic of debate. Ciprofloxacin is the most
widely used fluoroquinolone . in'- the United
States. Concern has been raised because it has
demonstrated high minimum 1nh1b1t0ry concen- -

s

Table 3. Eticlogy of Community-acquired Pneumonia ( Pcr,,C_ent)

LEVY. - _ MACFARLANE ~} MARRIE  WHITE

BERNTSSON KERTTULA WOODHEAD :
ORGANISM ET AL® HOLMBERG’! ET AL® ETAL®y  ETAL® {15+ ETAL®  ETAL® ET AL™

Strep. pneumoniae 54 47 25 26 -7 76 g 11 36
H. influenzae 4 9 4 12 .0 3 ] 2. 10
Mycoplasma pneumoniae 14 5 2 3 2 =3 14 1
Legionella species 1 3 4 15 C 4 =1 1
Oral anaerobes 3 -11

Chlamydia species 2 1 9 1 6 6 1 1
M. catarrhalis 2 6 17 -1

Coxiella burnetii 1 « 1 2 -3
Gram-negative bacilli 7 1 12 1 1
Staph. aureus 1 1 3™ 2 5 "4 1
No etiology identified 21 29 51 35 3 S 37 51 45
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trations (MICs) against the pneumococcus in
preclinical in vitro studies.® In clinical trials,
however, ciprofloxacin has been effective
against Strep. pneumoniae lower respiratory
tract infections,® 1% 3 7 curing 23 of 25 patients
with pneumococcal pneumonia in the largest
such series reported.® Clinical effectiveness
better than that expected from serum MIC data
may be secondary to ciprofloxacin’s high volume
of distribution, with pulmonary tissue levels
sometimes exceeding serum levels for signifi-
cant periods of time.** Nonetheless, penicillin
V remains the oral antibiotic of choice for lower
respiratory infections known to be caused by
Strep. pneumoniae because of well-proved ef-
ficacy and cost. The potential use of ciprofloxa-
cin for treatment of pneumonia when the path-
ogen is unknown is discussed in the subsequent
section on empiric treatment of pneumonia.
Pneumonia caused by penicillin-resistant
pneumococci has been reported, typically out-
side the US.%* % Penicillin resistance can be
either relative or high level, depending on the
MIC of penicillin for the organism. Most strains
are only relatively penicillin resistant and may
respond to intravenous high-dose penicillin
therapy.® Strains with high-level resistance
may require an alternative antibiotic such as
vancomycin. No oral antibiotics have been re-
ported to be reliably effective in pneumonia
caused by penicillin-resistant pneumococci.
This should be taken into consideration when
treating patients in a geographic locale with a
high incidence of antibiotic-resistant strains or
when the patient with proved Streptococcus
pneumoniae pneumonia does not respond to
what is usually appropriate antibiotic therapy.

Haemophilus influenzae

Haemophilus influenzae was isolated as a
pathogen in 2% to 12% of patients with pneu-
monia in the epidemiologic studies reported in
Table 3. It is most common among patients
with chronic pulmonary disease, alcoholics, and
the elderly but may cause pneumonia in healthy
adults as well. Clinical and roentgenographic
findings in H. influenzae pneumonia are indis-
tinguishable from those of other bacterial pneu-
monias,'® ** 3 but a sputum Gram stain may be
characteristic when it demonstrates large num-
bers of small gram-negative coccobacilli. El-
derly patients or those with underlying disease
should initially receive parenteral antimicrobial
therapy, but initial oral antibiotic therapy may
be appropriate in young, otherwise healthy

adults. B-Lactamase production by H. influen-
zae has been reported since the 1970s*° but
remains relatively uncommon in isolates from
adults with pneumonia. Unless the organism is
known to produce B-lactamase or production is
suspected because of community prevalence,
amoxicillin is the oral antibiotic of first choice.
Amoxicillin-clavulanic acid, trimethoprim-sul-
famethoxazole, cefaclor, cefuroxime axetil, cip-
rofloxacin, and tetracycline all have excellent
activity against both ampicillin-sensitive and
ampicillin-resistant strains of H. influenzae and
are acceptable alternatives.

Mpycoplasma pneumoniae

Mycoplasma pneumoniae pneumonia usually
occurs in family outbreaks, primarily affecting
children and young adults.* The organism has
been reported to be the cause of as many as
14% of community-acquired pneumonias in re-
cently reported series (Table 3), and in some
populations, it may be the cause of as many as
20% of all pneumonias and as many as 50% of
pneumonias occurring in the summer.? Many
infected individuals are asymptomatic or have
upper respiratory infection without pneumonia.
In patients with pneumonia, a sputum Gram
stain reveals mononuclear and polymorphonu-
clear cells without a predominant organism, and
sputum culture grows normal respiratory flora.
Cold agglutinins are elevated in as many as 50%
of cases.®® In practice, the diagnosis of Myco-
plasma pneumoniae pneumonia is generally
made on clinical grounds. The illness is of
insidious onset, generally benign in course, and
frequently self-limited,' # although severe
cases may occur.® In the typical case, initial
outpatient treatment with oral antibiotics is
appropriate.

As the organism lacks a cell wall, treatment
with B-lactam antibiotics is ineffective. The
organism is sensitive to both erythromycin and
tetracycline. Treatment with either has been
associated with a shorter duration of respiratory
symptoms in patients with pneumonia than in
those who receive no therapy or treatment with
penicillin.? Appropriate antibiotic treatment
does not, however, affect the antibody response
or extrapulmonary complications.’ * Recom-
mended regimens of erythromycin or tetracy-
cline are a total of 1.5 to 2.0 gm/day adminis-
tered for 14 to 21 days. This organism is
discussed more extensively elsewhere in this
issue.
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Legionella Species

Legionella pneumonia is an inhalational pneu-.
monia caused by infection with members of the

Legionellaceae family and accounting for 1% to
15% of cases of community-acquired pneumonia
in recent series (Table 3). More than 25 species

have been classified into the Legionellaceae:

family, 18 of which have been implicated in
human pneumonias.'* More than 90% of cases
of community-acquired Legionella pneumonia
are caused by Legionelle pneumophila,*® -the
agent responsible for the 1976 epidemic of
Legionnaires™ disease in Philadelphia.® In:that
epidemic, 23 different antibiotics were used to
treat the patients.” Those treated with eryth-
romycin or tetracycline were more likely: to
survive than those who received B-lactam anti-
biotics or aminoglycosides. Subsequent in vivo
susceptibility testing has shown that erythro-
mycin, rifampin, tetracycline, trimethoprim-
sulfamethoxazole, and the fluoroquinolones all
afford protection against infection.® © All
achieve high intracellular concentrations.”

In clinical practice, Legionella pneumonia
usually is treated initially with mtravenous
erythromyein, 500 to 1000 mg every 6 hours.*®
8 45 After clinical improvement is seen, the
patient is switched to 500 mg orally every:6
hours for 3 weeks’ total therapy. Rifampin (600
mg orally every 12 hours) is sometimes added
for moderate or severe infections. The relative
efficacy of alternatives to erythromycin is un-
clear, but the tetracyclines and trimethoprim-
sulfamethoxazole have been suggested for use
in erythromycin intolerance or failure.’ ¢ Le-
gionella infections are discussed in detall else-
where in this issue. ;

Anaerobic Infections

Anaerobic infections of the lung (abscess or

pneumonia) typically are caused by mixed oral*

anaerobes and result from aspiration of a large

quantity of oropharyngeal contents. The typical -

patient has abnormal swallowing or a history of -
altered consciousness and poor dentition. The -
sputum may be foul smelling, and the Gram.

stain typically demonstrates white cells with*
abundant organisms of many varieties. Penicil-:
lin V or clindamycin may be administered orally ~

in appropriate mildly ill patients.® As the re-
sponsible bacteria may be mixed with aerobic
organisms, including gram-negative bacilli,
amoxicillin-clavulanic acid is an excellent agent
as well.

~x " Chlamydia Specxes S

I, EVEE G

Two species of the Chlamydza genus cause

~pneumonia in immunocompetent adults:-Chla-

mydia  psittaci and Chlamydia pneumoniae
strain. TWAR. Psittacosis (parrot fever) is a
zoonosis infrequently recognized in the'US.% Tt
is caused by infection with Chlamydia psittaci,
the reservoir of which is infected birds. The
oral treatment of choice is tetracycline (1-2 gm/
day for 14 to 21 days), although erythromycm
also is effective.®

~Chlamydia pneumoniae strain’. TWAR has
been more recently recogmzed as an etiology
of adult pneumonia,”” as discussed elsewhere in
this issue. It has been reported as the causative
agent of pneumonia in 12% of a series of college
students”and in 6% to 10% of adults with
communlty-acqmred pneumonia.? 7% In vitro
drug susceptibility testing of strain TWAR dem-
onstrates that tetracycline and erythromycm are
the most effective and that sulfa is not effec-
tive.® However, small doses or short couirses of
erythromycm have been'. associated ‘with’ per—
sistent "respiratory symptoms or chmcal re-
lapse.?” In.a study of military recruits, high-
titer IgG antibody developed after treatment of
Chlamydia pneumoniae strain TWAR w1th am-
picillin or penicillin, but antibody response was
depressed or absent in patients treated with
tetracycline.® Currently recommended therapy
for infection with Chlamydia’ _pneumoniae’ is
tetracycline or erythromycin, 2 gm/day for 10
to 14 days.® Alternative therapy can be 1 gm/
day for 21 days

x

Moraxella (Branhamella) catarrhalis
Morazxella' (Branhamella) *catarrhalis (for-
merly Neisseria catarrhalis) has long been rec-
ognized as:an organism common to the normal
respiratory. flora. More recently, the orgamsrn_
has been'recognized as a lower respiratory tract .
pathogen.” Pulmonary infection caused by M. .

‘catarrhalis typically occurstin patients with f_

underlying lung disease and usually manifests
as acute tracheobronchitis or an exacerbation of

- chronic -bronchitis, although*pneumonia may

occur.? 37 Moraxella cdtdr‘rhalzs is identified

"}_as a Pathogen in as many as 6% of cases of

community-acquired pneumonia (Table 3).
Moraxella catarrhalis pneumonia is frequently
diagnosed from the sputum Gram stain, which
shows large numbers of polymorphonuclear leu-
kocytes and many large kldney bean-shaped

gram-negative diplococci.? B Lactamase may
4:29 .
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be produced by as many as 86% of M. catar-
rhalis sputum isolates,” ? and clinical resistance
to ampicillin or amoxicillin has been demon-
strated in patients infected with B-lactamase—
producing strains.*” * Because of the high prev-
alence of resistance, first-line therapy with
these drugs or penicillin is not recommended.
Effective oral antibiotics for both B-lacta-
mase—positive and -negative strains include
tetracycline, erythromycin, trimethoprim-sul-
famethoxazole, amoxicillin-clavulanic acid,
ciprofloxacin, cefuroxime axetil, and cefixime.

Q Fever

Q fever pneumonia is a zoonosis caused by
the rickettsial organism, Coxiella burnetii. This
pleomorphic coccobacillus infects a wide range
of animals and insects, with domestic livestock
and cats serving as the reservoir for human
disease. Q fever pneumonia has a variable clin-
ical presentation, ranging from mild to severe
and without characteristic features.** The illness
may remit without antibiotic therapy, but tet-
racycline has been shown in a randomized study
to reduce the duration of fever by 50% if
administered early in the course of the illness.®
A 2-week course of tetracycline (500 mg four
times daily) or doxycycline (100 mg twice daily)
is considered the treatment of choice.* Success
with erythromycin treatment has been re-
ported,'> '8 although other authors have had
less success.* In vitro testing of Coxiella bur-
netii has demonstrated sensitivity to rifampin
and ciprofloxacin,®® and rifampin administration
has produced a prompt response.*

Enteric Gram-Negative Bacilli and
Staphylococcus aureus

Gram-negative bacillary pneumonia caused
by the Enterobacteriaceae or Pseudomonas
aeruginosa is rare among cases of community-
acquired pneumonia (Table 3), occurring typ-
ically in the hospitalized patient, the institu-
tionalized elderly, or in patients with serious
underlying diseases. Because these infections
are associated with a high mortality rate, > 7
hospitalization with initial parenteral antimicro-
bial therapy is indicated. Oral antibiotics may
be used after the patient has stabilized and
improved clinically and should be selected on
the basis of MIC data of the clinical isolate.
Ciprofloxacin frequently is an effective agent in
this clinical setting because of its broad gram-
negative spectrum.®- %

Staphylococcus aureus pneumonia is also rare
in healthy adults, with most cases occurring
among institutionalized elderly, intravenous
drug users, chronic hemodialysis patients, or
diabetics or after primary influenza A infection.
Patients are usually toxic and may exhibit an
explosive clinical presentation.*® Mortality rates
may be significant,** “° again warranting initial
hospital admission for parenteral antibiotics.
Subsequent selection of oral therapy will be
based on the in vitro resistance of the strain. If
it is methicillin sensitive, subsequent oral di-
cloxacillin is the treatment of choice. Erythro-
myecin, clindamycin, ciprofloxacin, and amoxi-
cillin-clavulanic acid may also be effective.
Ciprofloxacin has good in vitro activity against
methicillin-resistant strains of Staph. aureus®
and in one study cured four of six patients with
mild pneumonia caused by methicillin-resistant
Staph. aureus.®

EMPIRIC SELECTION OF ORAL
ANTIBIOTICS FOR PNEUMONIA

Initial antibiotic therapy for most patients
with community-acquired pneumonia must be
empiric, as the common types of the disease
have few distinguishing clinical characteristics.
If the initial evaluation does not reveal a definite
cause, treatment should not be postponed while
awaiting information from specific laboratory
tests. Even when extensive sophisticated labo-
ratory testing is performed, no etiology is de-
termined for as many as half the cases of com-
munity-acquired pneumonia (Table 3). Empiric
antibiotic selection must take into account the
clinical presentation, epidemiologic data about
the patient (such as age, underlying disease,
residence), epidemiology of organisms respon-
sible for community-acquired pneumonia (Table
3), and immediately available laboratory infor-
mation such as the sputum Gram stain.

The type of clinical presentation can be very
helpful in guiding antibiotic selection. Acute
illness of sudden onset associated with purulent
sputum, fever, and chills is likely to be caused
by the usual bacteria. The sputum Gram stain
may be diagnostic for infections with Strep.
pneumoniae, H. influenzae, M. catarrhalis, oral
anaerobes, Staph. aureus, or gram-negative ba-
cilli. When oral antibiotic administration is ap-
propriate, treatment can be selected as previ-
ously described for these organisms.

When the sputum Gram stain is nondiagnos-
tic or the clinical presentation subacute, of
gradual onset, and associated with little or no
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sputum production, antibiotic selection is em-
piric and must include epidemiologic consider-
ations. In the young, otherwise healthy adult,
erythromycin is the treatment of choice, as it
provides adequate coverage for 1nfectlon ‘with
Strep. pneumoniae, Mycoplasma’ pneumomae
and Chlamydia pneumoniae strain TWAR. My-
coplasma infection is rare in the’ elderly,‘and
empiric administration of pemclllm V may be
appropriate. The treatment spectrum can -be
expanded to include H. influenzae by instead
administering amoxicillin or, in the case of -
lactamase-producing strains, amoxicillin- clavu-
lanic acid, trimethoprim- sulfamethoxazole ora
cephalosporin. Legionella inféction’ is. rare in
most communities but should:be ‘covered by
erythromycin administration if such inféction is
prevalent. Patients with esophageal disease,
neuromuscular disorders, alcoholism, or altered
mental status are prone to aspiration and may
be infected with mixed oral anaerobes.” Empiric
treatment with penicillin V, clmdamycm or
amoxicillin-clavulanic acid is appropriate. Infec-
tions with H. influenzae, Staph.” aureus, M.
catarrhalis, and gram-negative bacilli'are more
prevalent among residents of nursing homes,
patients with chronic bronchitis,- and patients
with a history of alcohol abuse. Empiric treat-
ment with trimethoprim-sulfamethoxazole,
amoxicillin-clavulanic acid, or a: second genera-
tion cephalosporin is approprlate in this group.
Failure to respond to therapy raises the ques-
tion of infection with Legionella or other atypi-
cal organism, and erythromycin can'be added
to the regimen. Suspected bacterial pneumonia
following an influenza mfectlon should be
treated with an agent such.as dicloxacillin,
although initial parenteral antibiotic therapy is
advised if Staph. aureus infection is’ strongly
suspected. In the patient with subacute pneu-
monia and history of exposure to birds or live-
stock, empiric treatment with tetracychne or
doxyeycline provides coverage for p51ttac051s
and Q fever. ‘

With regard to empiric admmlstratlon of cip-
rofloxacin for treatment of community-acquired
pneumonia, some authors have recommended
its use in the elderly patient with- relatively
mild infection because of the increased inci-
dence of gram-negative pathogens.” However,

this group is also prone to aspiration and de-
velopment of anaerobic infection. Ciprofloxacin’

has little activity against obligate anaerobes®

and should be avoided if their presence is likely. :
Amoxicillin-clavulanic acid therefore may be a“ <<
better choice in the elderly patient with mild"+

infection because of its gram negatlve and an-
aerobic coverage.

o
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