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PNEUMONIA DUE TO ANAEROBIC BACTERIA 

Diseases due to anaerobic bacteria were described as early 
as the 4th century B.C. when Hippocrates noted the clinical 
features of tetanus, and Xenophon described Greek soldiers 
suffering from foul-smelling breath and sore mouths (1). 
However, it was Louis Pasteur who first discovered organis~s that 
grow anaerobically approximately 100 years ago. By the end of 
the 19th century many anaerobic bacteria had been described and 
associated with human disease, principally by the Faculty of 
Medicine of Paris (2). These investigations included those by 
Rist (3) who noted anaerobes as a cause of pleural empyema and by 
Guillemot ( 4) who studied gangrene of the lung. By the 1920's 
and 30's the work of several investigators (5-14) had established 
several major features of anaerobic pleuropulmonary infections. 
These include: 1) Anaerobic organisms are the cause of chronic 
lung abscesses and of lung gangrene, a process now referred to as 
necrotizing pneumonia. 2) An infection is generally caused by 
several species of anaerobic bacteria acting synergistically. 3) 
A foul-smelling discharge is diagnostic of an anaerobic 
infection. 4) Aerobic bacteria may frequently be recovered with 
anaerobic bacteria from chronic lung abscesses, but the anaerobes 
dominate in number and may cause infection without the presence 
of aerobes. 5) The organisms recovered from lung infections are 
similar to those which grow as commensals in upper airways, 
especially around the crypts of teeth and tonsilar fossae. 
In addition, investigators of that era demonstrated that 
anaerobic organisms from the crypts of teeth produce a typical 
abscess when inoculated into the lungs of animals. 

Despite the body of information established fifty years ago, 
progress in understanding anaerobic bacterial lung infections was 
impeded by several factors. One of these was a disagreement 
among bacteriologists on a definition of anaerobic bacteria. 
Consensus definitions now used are presented in Table 1 (15). 

Table 1 

Definitions of "Anaerobic" Bacteria 

Anaerobic bacteria require reduced oxygen tension for 
growth and fail to grow on solid medium in 10% co2 in 
air (18% o2 ). 

Facultative bacteria can grow both in the 
absence of air. 

presence or 

Microaerophilic bacteria grow poorly or not at all in 
air, growing better in reduced o2 or anaerobically. 

Finegold, s. M.: Anaerobic Bacteria in Human 
Disease, 1977, p8. 
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Strictly anaerobic bacteria require the absence of oxygen or 
reduced oxygen tension for growth and fail to grow, at least on 
solid medium, in 18% oxygen. Faculta t ive bacteria can grow both 
in the presence or absence of air, while microaerophilic bacteria 
grow poorly or not at all in air, growing better in reduced 
oxygen or in strictly anaerobic conditions. 

A second impedement to progress has been a lack of standard 
culture techniques and standard nomenclature for these organisms. 
Differing cultural techniques and methods of identification have 
led to a single organism being reported by as many as 35 
different names (16). Fortunately, there is now more broad 
agreement on techniques and terminology, due in large part to the 
Anaerobe Laboratory of Virginia Polytechnic Institute (17). 
Utilizing contemporary terminology, the most common causes of 
anaerobic pleuropulmonary infections are indicated in Table 2 
(18) • 

Table 2 

Most Frequent Anaerobic Isolates from 117 
Pleuropulmonary Infections 

No. (only) % 

Anaerobic Gram-Negative Bacilli 
Bacteroides melaninogenicus 
Fusobacterium nucleatum 
Bacteroides fragilis 

Anaerobic cocci 
Peptostreptococcus 
Peptococcus 
Microaerophilic streptococci 

Anaerobic Gram-Postive Bacilli 
Eubacterium sp. 

48 
47 
20 

42 
30 
18 

17 

(1) 
(7) 

( 4) 
( 2) 
( 8) 

Bartlett and Finegold: Am. Rev. Respir. Dis. 
110:56, 1974 

41 
40 
17 

36 
26 
15 

15 

The most frequent organisms found in patients with these 
infections are anaerobic gram-negative bacilli, two species of 
which are each found in approximately 40% of cases. Bacteroides 
melaninogenicus is a relatively short gram-negative bacillus with 
rounded ends, often appearing like a coccobacillus. 
Fusobacterium nucleatum is a long, slender gram-negative rod with 
tapered ends. Anaerobic cocci are also frequent organisms in 
these infections with each of two species present in a quarter to 
a third of cases. Peptostreptococci are gram-positive cocci 
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occurring in pairs, short or long chains. Peptococci are gram
positive cocci occurring singly or in pairs, tetrads, or 
irregular masses. It is not possible to separate these organisms 
from aerobic streptococci by examination of a gram-stained 
specimen. Anaerobic gram-positive bacilli are less frequently 
recovered from patients with pleuropulmonary infections. It 
should be noted that Bacteroides fragilis, a short, pleomorphic 
gram-negative rod, is isolated in about 15% of cases. This is 
the only anaerobic organism cultured from a substantial fraction 
of patients with pulmonary disease which is routinely resistant 
to penicillin. It should also be emphasized that multiple 
anaerobes are usually recovered from a single infection. 

The final factor impeding progress in understanding 
anaerobic bacterial lung infections between the 1930's and 
relatively recently was . the lack of an unimpeachable culture 
source for the cause of pulmonary infections. According to the 
review by Bartlett, Rosenblatt, and Finegold (19), there were 
only 29 cases reported by other investigators . in the English 
language with antimortum bacterial confirmation of anaerobic lung 
infection between 1945 and 197 5. Twenty of these cases were 
documented by blood cultures despite bacteremia being uncommon in 
anaerobic lung infections. The lack of reliability of 
expectorated sputum culture is the major problem in def ini ti ve 
diagnosis. The cause for this is indicated in Figure 1 (20). 

Figure 1 

Quantitation of Upper Airways Flora 

otrobic I onoerobic 

'HOJOI WOJhinqJ: I0-104/r02-Jo5 per mi. 

:.:.-;...'-,.-'-'M''r'YJ- Soli~o:J07-J08/10 8-J09 per mi. 

Tooth Jurfocu: 10 6/106 per mi. 

GinqiyoJ wopinqJ: 10 7/10 7 per mi. 

Cricothyroid membront 

P. D. Hoeprich: Calif. Med. ~:2, 1970 
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The upper airways are colonized with an astounding number of 
aerobic and anaerobic bacteria. On average, saliva contains ten 
times more anaerobic than aerobic bacteria. Expectorated sputum 
is invariably contaminated by saliva in its passage through the 
upper airways. Since the anaerobic bacteria contained in saliva 
are the same species that cause anaerobic lung infections (21), 
expectorated sputum cannot be utilized for diagnostic purposes 
for these bacteria. Further, . techniques to obtain tracheal 
secretions which themselves traverse the upper airways, such as 
endotracheal suctioning through the nose or mouth and standard 
fiberoptic bronchoscopy, allow contamination by upper airway 
secretions and are thus also not reliable. 

In 1959 Pecora introduced the technique of transtracheal 
aspiration for obtaining uncontaminated tracheal secretions for 
bacterial examination · (22, 23). Bartlett and Finegold began 
using this technique in approximately 1968 (24) and subsequently 
validated its use in the diagnosis of anaerobic pulmonary 
infection (19). Since that time, an understanding of the 
clinical manifestations and therapy of anaerobic pulmonary 
infections has been markedly augmented. 

I shall review the clinical manifestations of these 
infections using the definitions of Bartlett and Finegold (18) 
for the types of syndromes caused. 

Table 3 

Definitions of Types of Anaerobic Pleuropulmonary 
Infections 

Pneumonitis - pulmonary infiltrate(s) with no 
evidence of cavitation 

Necrotizing Pneumonia - multiple small areas of 
cavitation within one or 
more pulmonary segments 
or lobes 

Abscess - a solitary or dominant cavity measuring 
at least 2 em in diameter 

Empyema - infected pleural exudate 

Bartlett and Finegold: Am. Rev. Resp. Dis. llQ:56, 1974 

Pulmonary parenchymal processes are divided by the presence 
or absence of cavitation. Pneumonitis refers to a pulmonary 
infiltrate with no evidence of cavitation. Necrotizing 
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pneumonia, commonly called lung gangrene in early articles, 
produces multiple small areas of cavitation within one or more 
pulmonary segments or lobes. A lung abscess is defined as a 
solitary or dominant cavity measuring at least 2 em in diameter. 
Empyema refers to an infected pleural exudate, and virtually all 
pleural effusions associated with anaerobic infections are 
empyemas as compared to sterile parapneumonic effusions. 

I shall not specifically discuss infections following 
multiple septic emboli, since the apparent incidence of this 
syndrome is quite low. Moreover, this process causes multiple 
discreet lesions of various combinations of the syndromes to be 
discussed. I shall also not specifically discuss the occasional 
case of lower lobe pneumonitis or empyema apparently resulting 
from transdiaphragmatic spread from a subphrenic abscess. 

Table 4 

Clinical Features Suggesting Anaerobic 
Pleuropulmonary Infections 

Duration of symptoms before presentation 
Potential aspiration 
Dental hygiene 
Symptoms 
Nonspecific laboratory features 
Radiographic findings 

Anaerobic pleuropulmonary infections frequently present with 
distinctive clinical and radiographic findings. These features 
frequently allow the clinician to strongly suspect that the cause 
of an infection is anaerobic bacteria. Each will be discussed 
separately under the headings listed in Table 4. 



Table 5 

Duration of Symptoms Before Presentation in Patients 
with Anaerobic Lung Abscess 

Series Number Duration of Symptoms Range 
Cases No. % 

Boston 115 < 6 wks. 45 39 6 days-30 mos. (1943-56) > 6 wks. 70 61 

Arkansas 87 < 1 mo. 34 39 
(1944-63) 1-2 mos. 19 22 days-10 mos. 

> 2 mos. 34 39 

Dallas 76 < 6 wks. 64 84 none>l2 wks. (1972-76) 6-12 wks. 12 16 

Schweppe, Knowles and Kane: N. Engl. J. Med. 2Q2:1039, 1961 
Abernathy: Chest ~:592, 1968 
Estrera, Platt, Mills and Shaw: J. Thorac. Cardiovasc. 

Surg. 2i:275, 1980 
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Three representative series published between 1961 and 1980 
indicate the duration of symptoms before presentation for medical 
aid in patients with anaerobic lung abscess (25-27). In each of 
these series the delay in presentation is reported in weeks or 
months. Thus, the infections tended to be subacute or chronic as 
compared to infections due to aerobic bacteria, although some 
patients reported symptoms for only a few days before seeking 
medical aid. Between the first two series collected from the mid 
1940 1 s to the early 1960 1 s and the series entering patients in 
the 1970's, there is apparently a changing tendency for patients 
to seek medical aid sooner in the course of their disease. 
Although these data are compatible with a lessening of severity 
of this infection, there is no substantiating evidence to 
indicate that this is the case. It is more attractive to believe 
that changing expectations of health and changes in health care 
delivery in the United States have resulted in patients seeking 
medical help earlier in the course of their disease. Whichever 
explanation is correct, patients are evidently being seen earlier 
in the course of anaerobic lung abscess than was formerly the 
case. 



Table 6 

Duration of Symptoms Before Presentation in Patients 
With Anaerobic Pleuropulmonary Infections 

Series Number Abscess Necrotizing Empyema 
Cases Pneumonia 

---------- Mean (weeks) ----------
WGH 70 7.2 6.8 3.8 

(1958-71) 

Bartlett and Finegold: Medicine ~:413, 1972 
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In Bartlett and Finegold's first series of patients reported 
from Wadsworth General Hospital in 1972 (24), a more precise 
duration of symptoms for specific types of pleuropulmonary 
infections is reported. Although the patients were collected 
over a 14 year interval, it was noted that nearly half of the 
patients were seen during the last 3 study years in which this 
type of infection was more specifically sought. It was 
apparently during this latter interval that culture material 
began to be obtained by transtracheal aspiration. The duration 
of symptoms was, on average, about 7 weeks for both abscess and 
necrotizing pneumonia, still emphasizing the subacute to chronic 
nature of these syndromes. The symptoms of patients with empyema 
were present for a shorter duration before seeking medical aid, 
suggesting more severe symptoms, such as pleural pain. 

Table 7 

Duration of Symptoms Before The~apy in Patients 
With Anaerobic Pleuropulmonary Infections 

Type of Number Duration Duration Duration Hospital 
Infection Patients >7 Days m ± SD Median Acquired 

n = 143 (%) (days} (days} (%} 

Abscess 45 80 36 ± 52 12 20 
Necrotizing 28 69 23 29 10 29 pneumonia 
Empyema 47 70 23 + 26 10 23 
Pneumonitis 44 9 3 50 

Bartlett and Finegold: Am. Rev. Respir. Dis. ilQ: 561 1974 
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In Bartlett and Finegold's second series of patients with 
anaerobic pleuropulmonary disease published only 2 years after 
their first series (18), the number of patients had doubled 
indicating the large number treated between the two series. 
Thus, about three quarters of the patients were seen between 1968 
and 1974. These data are the best available for duration of 
symptoms by type of infection. Symptoms had been present for an 
average of 5 weeks in patients with lung abscess and for 3 weeks 
in patients with necrotizing pneumonia and empyema. However, the 
median duration of symptoms was only 10 - 12 days. One would 
assume that the fact that 20 - 30% of the patients had hospital 
acquired disease caused the duration of symptoms to be less than 
would have occur red for solely community acquired cases. Even 
so, these data support the contention that patients frequently 
present earlier in the course of their infection than was true 
before the 1970's. The data continue to support, however, that 
for abscess, necrotizing pneumonia, and empyema the infection has 
been present longer than would be anticipated for a patient with 
infection due to aerobic bacteria. 

The duration of symptoms of · patients with anaerobic 
pneumonitis was quite short and on the order of magnitude of the 
duration of symptoms of patients with pneumonia due to aerobic 
bacteria. Even when one considers that 50% of these patients had 
hospital acquired infections, these data suggest a difference in 
this syndrome compared to the other syndromes associated with 
anaerobic bacteria. Thus, this syndrome should be reviewed in 
more detail. 

Table 8 

Syndromes of Anaerobic Pneumonitis 

Pneumonitis leading to abscess formation 
Chronic pneumonitis 
Rapidly progressive broncho or lobar pneumonia 

Smith: Arch. Surg. 14:231, 1927 
Smith: Am. Rev. Tuberc. 16:584, 1927 
Klein and Berger: Arch. Intern. Med. ~:753, 1935 
McVay and Sprunt: Ann. Intern. Med. 36:56, 1952 
Tillotson and Lerner: Ann. Intern. Med. ~:308, 1968 
Bartlett and Finegold: Medicine 51:413, 1972 

Three syndromes of anerobic pneumonitis have been recognized 
since the classical studies in animals of D. T. Smith in 1927 (8, 
9), although none of these syndromes had been reported frequently 
until Bartlett and Finegold's series in 1972 (24). In 
experimental animals and in humans, especially before the days of 
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antimicrobials, it has been reported that the first lesion 
following inoculation of the lung with anaerobic bacteria is 
pneumonitis. In most instances this lesion progresses to abscess 
formation. The earliest recognization of cavitation in humans 
occurs between the 8th and 14th day after the presumed episode of 
inoculation. Conversely, some cases of pneumonitis have been 
noted to remain for protracted intervals with no cavitation. The 
longest documented case in humans of which I am aware was for 
approximately one year (13). Cases of similar duration have not 
been reported in the antimicrobial era. 

Smith reported that some of his animals developed a rapidly 
progressive broncho or lobar pneumonia which was fatal · within a 
few days. Until the documentation of anaerobic infection by 
transtracheal aspiration, only a few cases of this acute syndrome 
have been reported in humans by McVay and Sprunt (28) and by 
Tillotson and Lerner (29). Half of the cases of rapidly 
progressive pneumonia reported by Bartlett and Finegold were 
hospital acquired, and these investigators also found aerobic 
bacteria in conjunction with anaerobic bacteria in a large 
fraction of cases. Thus, it could be argued that the rapid 
progression was caused by the aerobes. 

Table 9 

Significant Differences Between Anaerobic Pneumonitis 
and Pneumococcal Pneumonia 

Days of symptoms before 
presentation (m ± SE) 

History of shaking chills 
Predisposition to aspiration 
Bronchogenic carcinoma 
Putrid sputum 
Subsequent abscess 

Anaerobic 
Pneumonitis 

(46 Pts) 

4.5 + 0.7 

0 
27 (59%) 

8 (17%) 
8 (17%) 
9 (20%) 

Pneumococcal 
Pneumonia 

(46 Pts) 

2.6 + 0.4 

21 (46%) 
11 (23%) 

3 ( 6%) 
0 
0 

Bartlett: Am. Rev. Respir. Dis. lli:19, 1979 

Bartlett apparently recognized that the recovery of aerobic 
as well as anaerobic bacteria might alter the clinical course of 
anaerobic pneumonitis. Therefore, he subsequently z;epc;>rted 46 
patients with pneumonitis whose transtracheal aspirates yielded 
only anaerobic bacteria (30). The clinical courses of these 
patients were compared to a similar number of matched patients 
with pneumococcal pneumonia, Table 9. The data indicate the 
significantly different features between the two types of 
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infections. On average, the duration of symptoms before 
presentation was longer in patients with anaerobic pneumonitis , 
but the considerable overlap make t his symptom of little clinical 
use. None of the patients with anaerobic pneumonitis had shaking 
chills, and this symptom when present in patients with 
pneumococcal pneumonia clearly separated the two types of 
infection. A predisposition to aspiration and the association of 
infection with bronchogenic carc i noma were suggestive of an 
anaerobic infection, but again these findings are not 
sufficiently specific to be clinically reliable. Putrid sputum 
and a subsequent abscess were cle ar differential findings. 
However, only 2 patients with anaerobic pneumonitis had putrid 
sputum before abscess formation and , by definition, abscesses 
were not present at the outset. Taken together, these data not 
only confirm the syndrome of acute anaerobic pneumonitis, but 
they also indicate the difficulty in separating this syndrome 
from pneumococcal pneumonia. In those patients wi t hout 
subsequent abscess formation, however, the response to therapy 
with penicillin was gratifying suggesting that the 
differentiation of these infections may not be necessary. For 
those patients who did form abscesses, they ultimately responded 
to the original antimicrobial agent. Thus, it is unlikely that a 
different therapeutic approach would have prevented this 
complication. 

Thus, contemporary data suggest that most syndromes of 
anaerobic infection present with subacute symptoms. Classic 
lung abscess presents, on average, with about a 5 week history 
and necrotizing pneumonia or empyema with 3 weeks. However , 
anaerobic pneumonitis may present virtually as acutely as aerobic 
pneumonia with little to differentiate the etiologic agent. 

Table 10 

Causes of Potential Aspiration Among 533 Pat~ents 
With Anaerobic Pleuropulmonary Infections 

Causes 

Alcoholism 
Seizure disorder 
Dysphagia 
Cerebrovascular accident 
General anesthesia 
Oropharyngeal surgery 
Other 

TOTAL 

Patients 
Number Percent 

222 
56 
24 
23 
18 
18 
32 

393 

42 
11 

5 
4 
3 
3 
8 

74 

Shafron and Tate; Barnett and Herring; Gopalakrishna and 
Lerner; Abernathy; Bartlett and Finegold; Estrera, et al. 
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A major historical feature for patients with anaerobic 
pleuropulmonary infections is an ant ecedent event which is likely 
to lead to aspiration of upper airway secretions. This type of 
aspiration should be placed into proper prospective. Huxley and 
colleagues have demonstrated that normal persons frequently 
aspirate pharyngeal contents during sleep (31). This is the 
presumed mechanism that inoculates the lung with aerobic bacteria 
leading to pneumococcal or Hemophilus pneumonias in the case of 
most community acquired pneumonias or aerobic gram-negative 
bacilli in the case of most hospital acquired pneumonias . 
Further, a variety of substances may be aspirated into the lung, 
such as highly acid gastric juice (32), which lead to the Adult 
Respiratory Distress Syndrome, an injury which is not associated 
with bacterial infection at the outset (32, 33). Thus, a 
diagnosis of "aspiration pneumonia" is too nonspecific to be 
applied to a single syndrome, and I suggest that this term should 
not be used as a specific diagnosis. In the case of persons with 
anaerobic pleuropulmonary infections, a potential aspirational 
event is almost always associated with depressed consciousness. 
The semiquantitative technique used by Huxley and colleagues 
suggests that persons with depressed consciousness aspirate a 
much larger volume of upper airway secretions than normal 
persons. Whether it is simply a larger inoculum of anaerobic 
bacteria which leads to these infections or whether there is some 
more fundamental difference between anaerobic and aerobic 
infections is presently not clear. 

Approximately 75% of persons with anaerobic pleuropulmonary 
infections give a history of an antecedent event which potentates 
aspiration (18, 26, 27, 34-36). As indicated in Table 10, the 
most frequent cause of aspiration is alcoholism. Seizure 
disorders are presently the second most common cause. The major 
causes of aspiration 50 years ago, general anesthesia and 
oropharyngeal surgery, are now relatively infrequent. In that 
earlier era, however, the importance of dental hygiene became 
apparent. D. T. Smith produced in mice, guinea pigs, and rabbits 
pulmonary infections which closely resembled human anaerobic 
disease by the intratracheal injection of material scraped from 
the alveolar borders of teeth in patients with pyorrhea (8, 9). 

Table 11 

Incidence of Postoperative Pulmonary Complications in 
Surgical Patients With and Without Preoperative 

Dental Hygiene Treatments 

No. 
Ops. 

Patients Treated 
Pulmonary Deaths 

Comp. 

5078 9 (0.18%) 2 (0.04%) 

Patients Not Treated 
No. Pulmonary Deaths 
Ops. Comp. 

8897 60 (0.67%) 18 (0.20%) 

Klein and Berger: Arch. Intern. Med. ~:753,1935 
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The importance of dental hygiene in humans was documented in 
an elegant clinical study published by Klein and Berger 50 years 
ago (13). These investigators treated with preoperative dental 
hygiene all indigent patients who were to undergo surgery at 
their hospital during a 4 year interval. Private patients 
operated during that interval were not afforded these treatments. 
It was found that the incidence of postoperative pulmonary 
infections among the untreated patients was about three and a 
half times the incidence among those who were treated. The 
incidence of death due to pulmonary complication was five t i mes 
higher in the untreated group. Thus, animal and human s t udies 
taken together suggest that the very high concentration of 
anaerobic organisms in the crypts surrounding teeth is an 
important risk factor for developing anaerobic pleuropulmonary 
disease. 

Table 12 

Patients with Anaerobic Pleuropulmonary Infections 
With Poor Dental Hygiene 

Number 
Infected 
Patients 

503 

Number 
Poor Dental 

Hygiene 

183 

Shafron and Tate: Dis. Chest 53:12, 1968 

Percent 

36 

Barnett and Herring: Arch. Intern. Med. l£2:217, 1971 
Bartlett and Finegold: Am. Rev. Respir. Dis. ~:56, 1974 
Gopalakrishna and Lerner: Cleve. Clin. Q. i£:3, 1975 
Estrera, et al: J. Thorac. Cardiovasc. Surg. Ii:275, 1980 

More contemporary studies (18, 27, 34-36) indicate that poor 
dental hygiene remains a risk factor for developing anaerobic 
infection. Among 503 infected patients in whom the teeth were 
specifically examined 183 or 36% were found to have poor dental 
hygiene. Thus, this physical finding should increase the 
awareness of anaerobic infection in a specific patient. 



Table 13 

Frequent Sympt oms in 225 Patients with Anaerobic 
Pleuropulmonary Infections 

~ymptom 

Cough 
Foul odor 
Fever 
Chest pain 
Hemoptysis 
Weight loss 

Number Present 

189 
75 

137 
111 

80 
71 

Percent 

84 
33 (58% of 129) 
61 
49 
36 
32 

Rumbaugh and Prior: Ann. Intern. Med. ~:223, 1961 
Shafron and Tate: Dis. Chest 53:12, 1968 
Barnett and Herring: Arch. Intern. Med. l22:217, 1971 
Gopalakrishna and Lerner: Cleve. Clin. Q. i£:3, 1975 
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The most frequent symptoms reported by patients with 
anaerobic infections are presented in Table 13 (34-37). Chronic 
cough is the only symptom reported by almost all patients, and it 
is usually productive of purulent sputum. The foul, putrid odor 
of the sputum which is diagnostic of anaerobic infection was 
specifically mentioned in 33% of the patients reported in these 
series. In some series odor was not mentioned at all, and it is 
not clear whether it existed or not. Thus, among the 129 
patients in which the finding was specifically noted, 58% had a 
foul odor. The true incidence of this fin ding probably lies 
between these two estimates. Fever is the second most common 
symptom, and chest pain occurs in about half of patients. The 
description of the chest pain is variously described as a true 
pleural pain by some or as a dull aching in the chest by others. 
Hemoptysis and weight loss each occur in about a third of the 
patients. 

Table 14 

Quantitation of Fever and Weight Loss in Patients 
with Anaerobic Pleuropulmonary Infections 

No. Peak Temp. Weight Loss 
Pts. m ± SD No. Pts. Pds. (m±SD) 

Abscess 45 101.8 ± 1.4 28 (62%) 19 ± 11 
Necrotizing 28 102.4 1.2 12 (43%) 23 7 pneumonia 
Empyema 47 102.7 ± 1.5 
Pneumonitis 44 102.5 ± 1.6 2 ( 5%) 

Bartlett and Finegold: Am. Rev. Respir. Dis. 110:56, 1974 
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Bartlett and Finegold's larger series (18) allows a 
quantitation of fever and weight loss by type of anaerobic 
infection. Irrespective of the patient's history, 98% of their 
patients demonstrated fever during hospitalization. In all tyges 
of infection, the mean peak temperature was approximately 102 F. 
From the standard deviations presented, it is apparent that many 
of their patients had very high temperatures. Those patients who 
had lost weight due to their infection averaged a loss of 
approximately 20 pounds. Patients with empyema were not reported 
separately, since many overlapped with the other syndromes. The 
more acute syndrome of anaerobic pneumonitis was rarely 
associated with weight loss. 

Table 15 

Nonspecific Laboratory Findings in Patients with 
Anaerobic Pleuropulmonary Infections 

Number Peak WBC 
Patients m ± ~D 

(XlOOO/mm ) 

Abscess 45 14.5 ± 5.1 
Necrotizing 28 24.2 13.4 pneumonia 
Empyema 47 23.5 ± 11.7 
Pneumonitis 44 14.3 ± 6.4 

Hematocrit 
<38% 

82% 

64% 

81% 
11% 

Hematocrit 
m ± SD% 

36 + 6 

36 5 

36 + 5 
40 + 3 

Bartlett and Finegold: Am. Rev. Respir. Dis. 110:56, 1974 

Laboratory findings in patients with anaerobic 
pleuropulmonary infections are usually nonspecific (18). In this 
series 90% of patients with anaerobic abscess, necrotizing 
pneumonia or empyema had a leukocytosis, while 80% of patients 
with pneumonitis had this finding. The mean peak white blood 
cell count was only modestly elevated in patients with abscess or 
pneumonitis, while patients with necrotizing pneumonia or empyema 
had a more substantial leukocytosis. As indicated by hematocrit 
values, anemia is present in 65 to 85% of patients with the 
subacute syndromes but in only 10% of patients with pneumonitis. 
The level of anemia, as reflected by the mean hematocrit, usually 
is not very severe even in the subacute syndromes. Thus the 
nonspecific laboratory findings are not very helpful clinically. 
The radiograp~ic findings, however, may be much more useful. 



Lobe 

Upper 

Middle 

Lower 

Table 16 

Radiographic Distribution o f 326 Cases of 
Anaerobic Lung Abscesses 

Right Left 
Segment No. % Cases No. % Cases 

Posterior 99 30 34 10 
Apical 13 4 
Anterior 22 7 11 3 

(Lingula) 18 6 10 3 

Superior 46 14 36 11 
Basal 26 8 11 3 

TOTAL 224 69 102 31 

Schweppe, Knowles and Kane; Barnett and He r ring; 
Gopalakrishna and Lerner; Bartlett and Finegold 
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When one examines the radiographic distribution of the 
different syndromes of anaerobic pulmonary disease, interesting 
differences emerge. Table 16 presents the distribution of 326 
cases of anaerobic lung abscess (18, 25, 35, 36). The total 
number of bronchopulmonary segments involved exactly equals the 
number of cases indicating that this infection is a very 
localized one. About 70% are in the right lung and 30% in the 
left. The posterior segment of the right upper l obe is by far 
the most frequently involved segment. When one adds the cases 
with involvement of the apical posterior segment of the left 
upper lobe, 40% of lung abscesses occur in these posterior 
segments. The second most commonly involved segment is the 
superior segment of the right lower lobe followed by the superior 
segment of the lower lobe on the left. Together these account 
fo r an additional 25% of the cases, so that two-thirds of all 
cases are in these four segments. These data also confirm 
virtually all reports that lung abscess is not common in the 
anterior part of the lung which includes the anterior segments of 
the upper lobes, the middle lobe and the lingula. It is also 
interesting to note that lung abscess is not very common in basal 
segments of the lower lobes, especially on the left. 
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Fig. 2: This radiograph demonstrates an anaerobic lung 
abscess in the most frequent location, the posterior 
segment of the right upper lobe. 
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Fig. 3: This radiograph demonstrates an anaerobic lung 
abscess in the second most frequent location, the 
superior segment of a lower lobe. 
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Table 17 

Radiographic Distribution of 36 Cases of Anaerobic 
Necrotizing Pneumonias 

Right Left 
Lobe Segment No. % Cases No. % Cases· 

Upper Posterior 7 19 6 17 
Apical 1 3 
Anterior 4 11 2 6 

Middle (Lingula) 3 8 1 3 

Lower Superior 7 19 11 31 
Basal 10 28 5 14 

TOTAL 32 89 25 69 

Bartlett and Finegold: Am. Rev. Respir. Dis. .l...l.Q: 56' 1974 
Landay, Christensen, Bynum and Goodman: Am. J. Radio!. 

134:233, 1980 
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The findings among 36 cases of anaerobic necrotiz i ng 
pneumonia were significantly different (18, 38). Fifty-seven 
segments were involved in 36 cases indicating that necrotizing 
pneumonia is not as localized a process as anaerobic abscess. 
There is also somewhat less of a tendency for the disease to be 
in the right lung. Although the posterior segments of upper 
lobes continue to be frequently involved, there is a much greater 
tendency for lower lobe involvement than in cases with a solitary 
abscess. Not only are superior segments of lower lobes more 
commonly involved with this syndrome, but basal segments of lower 
lobes are also much more commonly involved than with simple 
abscess. · 



Fig. 4: This is a typical radiographic appearance of 
anaerobic necrotizing pneumonia. It is located in the 
superior segment of the left lower lobe. 
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Table 18 

Radiographic Distribution of 61 Cases 
of Anaerobic Pneumonitis 

Right Left 
Lobe Segment No. % Total No. % Total 

Upper Posterior 8 13 7 11 
Apical 0 0 
Anterior 4 7 1 2 

Middle (Lingula) 0 0 1 2 

Lower Superior 10* 16 2* 3 
Basal 30 49 23 38 

TOTAL 52 85 34 56 

* Includes 14 cases of bilateral lower lobe pneumonitis 

Bartlett and Finegold: Am. Rev. Respir. Dis. llQ:56, 1974 
Landay, Christensen, Bynum and Goodman: Am. J. Radiol • 

.1..3A_:233, 1980 
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The tendencies reported for necrotizing pneumonia are even 
more dramatic in the distribution of 61 cases of anaerobic 
pneumonitis (18, 38). Eighty-six segments were involved in 61 
cases including 14 cases of bilateral lower lobe . pneumonitis. 
Thus, there is an even more diffuse involvement of the lung in 
cases of pneumonitis than in cases of necrotizing pneumonia. The 
tendency towards lower lobe disease was very pronounced, 
especially in basal segments. 

The cause of these differences in distribution of the 
different syndromes is not known. It may relate to the mechanism 
of aspiration, to the magnitude of the inoculation, or perhaps to 
differences caused by varying responses in different - lung areas. 
Whatever the explanation, however, the radiographic 
manifestations of anaerobic pneumonitis and even necrotizing 
pneumonia may not be as specific for anaerobic bacterial disease 
as were those of lung abscess. 



Table 19 

Radiographic Features of Anaerobic Empyemas 

In up to 60% of patients with empyema no parenchymal 
disease can be recognized. 

Pleural fluid in a patient with anaerobic disease is 
almost always empyema. 

Empyema occurs on the right about twice as often as 
on the left. Bilateral empyema is rare. 

Although small, free-flowing effusions may occur, 
large and loculated effusions are usual. 
Effusions may progress very rapidly. 

About 75% of empyemas are concave toward the lung, 
while 25% are bulging with single or multiple 
loculations. 

Landay, Christensen, Bynum and Goodman: Am. J. Radiol . 
.l..li:233, 1980 
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The radiographic features of anaerobic empyemas are 
presented in Table 19 {38). Although the presumed inoculation of 
the pleural space is thought to be a contiguous parenchymal focus 
of infection, in up to 60% of patients with empyema no 
parenchymal disease can be recognized radiographically. When 
pleural fluid is associated with anaerobic disease, it is almo~t 
always a true infection of the pleural space, empyema, rather 
than a sterile, parapneumonic effusion which occurs commonly in 
aerobic bacterial infections. Anaerobic empyema occurs on the 
right about twice as often as on the left, but bilateral empyema 
is rare. One may see small, free-flowing effusions, but large 
and loculated effusions are much more common. These effusions 
may progress very rapidly over the course of only a few hours. 
About 75% of empyemas are concave toward the lung, while 25% are 
bulging with single or multiple loculations. 
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1-30-85 1-31-85 2-1-85 

Fig. 5: This series of radiographs demonstrates the 
rapid onset of empyema frequently observed. The 
patient had right pleural pain without other signs or 
symptoms on 1-30-85. On 1-31 a small amount of pleural 
fluid was observed which was found to be pus on 
thoracentesis. On 2-1 a large amount of loculated 
fluid requiring decortication was present. 



Table 20 

Features Suggesting Bronchogenic Carcinoma 
in 52 Patients with Lung Abscess 

Feature 

Systemic symptoms 
Predisposition to aspiration 

Me~~m~~~!ture (~F +
3

SD) 
Mean WBC (X 10 /mm ± SD) 
Extensive infiltrate 

Carcinoma 
with Abscess 

(n = 19) 

3 (16%) 
5 (26%) 

99.5 ± 1.3 
10.9 ± 5.3 

3 (17%) 

Abscess 
Only 

(n = 33) 

17 (52%) 
25 (75%) 

101.0 ± 1.9 
14.2 ± 5.5 
27 (83%) 

Sosenko and Glassroth: Chest 87:489, 1985 
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In describing the clinical features of anaerobic bacterial 
pneumonia, it is important to mention the association between 
lung abscess and bronchogenic carcinoma. In his classic book on 
lung abscess published in 1952 Brock (39) found that 17.5% of 
patients with lung abscess had an associated bronchogenic 
carcinoma. Although other subsequent series have report an 
incidence of around 10%, data reported by Hagan and Hardy in 1983 
from a series of 184 cases of lung abscess suggest that in 
present practice the incidence may be as high as 29% (40). Table 
20 reports a study by Sosenko and Glassroth (41) which indicates 
signs and symptoms that are useful in differentiating patients 
who had carcinoma in association with abscess from those who had 
abscess above. It was noted that if at least 3 clinical 
parameters such as systemic symptoms of chills, sweats or general 
malaise, a history of a predeposition to aspiration, a presenting 
oral temperature above normal, or a white blood cell count 
greater than 10,900 were present, there was a 90.9% probability 
that no underlying malignancy was present. It was also found 
that an extensive infiltrate strongly favored the diagnosis of 
abscess only. These authors suggest that this combination of 
clinical findings be utilized to indicate which patient with lung 
abscess should or should not be bronchoscoped. In my opinion, 
further confirmation is necessary before relying heavily on this 
study. However, it serves to emphasize that the clinician must 
consider the possibility of bronchogenic carcinoma in a patient 
presenting with anaerobic lung abscess. 



Table 21 

Features Allowing Emperic Treatment of 
Anaerobic Pulmonary Infection 

1. Cavitary lesion with radiographic characteristics of 
anaerobic bacterial infection. 

24 

2. Putrid odor in the absence of necrotizing gingivitis. 

3. Duration of symptoms (cough, purulent sputum, fever) 
over one week. 

4. History of depressed consciousness. 

Most patients with presumed anaerobic pulmonary d i sease are 
treated without bacteriologic confirmation (42). The combination 
of features allowing emperic treatment are indicated in Table 21. 
Although a chest radiograph is never specific for any 
bacteriologic diagnosis, a cavitary lesion with the characterics 
already enumerated associated with fetid sputum is virtually 
diagnostic. One must be sure, however, that the putrid odor is 
not caused by necrotizing gingivitis. In patients with a 
compatible cavitary lesion who do not have malodorous secretions, 
the most important feature is the duration of symptoms. As has 
been emphasized, anaerobic infection causes a subacute or chronic 
syndrome, and cavitation does not occur until at least the second 
week of illness. Aerobic bacterial pneumonia with or without 
cavitation virtually always cause a more acute illne.ss. A 
history of depressed consciousness, as from alcoholism or 
seizures, further supports the diagnosis. 

Patients with anaerobic pneumonitis without cavitation may 
present with an acute onset of symptoms that cannot be 
distinguished from aerobic bacterial pneumonia. In this clinical 
setting an antimicrobial regimen that is effective against 
pneumococcal pneumonia is virtually always chosen. Most of these 
regimens are effective for anaerobes as well, and invasive 
procedures to obtain bacteriologic material are not indicated. 

Occasional patients have a more confusing presentation. A 
critically ill patient with cavitary pneumonia whose sputum is 
not malodorous and who gives an ambiguous history of length of 
illness is the most likely example. In this circumstance many 
physicians use a spectrum of antimicrobials effective against 
both gram-positive and gram-negative aerobic bacteria as well as 
anaerobic bacteria. However, in some of these patients invasive 
means of obtaining bacteriologic data may be · justified. In the 
presence of a pleural effusion, thoracentesis is virtually 
mandatory and is an unimpeachable source for gram stain and 
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culture. In the absence of empyema, the most r easonable invasive 
procedure is transtracheal aspiration of respiratory secretions. 

Total 

Table 22 

TTA Results in 91 Patients with 
Pulmonary Disease 

Patients 
Anaerobic No Anaerobic 
Isolates Isolates 

no. (%) 

33 58 
Putrid sputum 
Suspected aspiration 
Pulmonary necrosis 

16 (48 ) 
22 (66) 
20 (61) 

1 ( 2) 
0 
2 ( 5) 

Bartlett, Rosenblatt, and Finegold: Ann. 
Intern. Med. Ii:535, 1973. 

The reliability of transtracheal aspirates has been 
investigated more extensively for aerobic than for anaerobic 
bacteria. Among 52 asthmatic or normal persons undergoing TTA 7 
(14%} yielded potential aerobic pathogens, and almost half 
yielded one or more bacterial species (43, 44). For patients 
with aerobic bacterial pneumonia, the best data (45-47) suggest a 
false positive recovery of pathogens in almost 40% of patients. 
The false-negative rate cannot be calculated from available 
studies. 

The only study of anaerobes from transtracheal aspirates of 
noninfected persons is that of Berman, et al., (44). Nine 
strains of anaerobic bacteria were recovered from 39 persons, but 
it is not clear how many different individuals yielded anaerQbes. 
The only data specifically addressing reliability of TTA in 
persons with anaerobic pulmonary infection (19) are presented in 
Table 22. Transtracheal aspirates were performed in 91 pqti~nts. 
Thirty-three patients yielded anaerobic bacteria, while 58 did 
not. The clinical characteristics of the patients with anaerobic 
isolates supported a diagnosis of anaerobic pulmonary disease, 
and those with no anaerobic isolates usually did not. Th~ one 
patient without anaerobes who had putrid sputum had a pure growth 
of pneumococci. He also had gingivitis, and the putrid sputum 
persisted after cure of the pneumonia until the patient had oral 
hygiene and dental care. One of the two patients with pulmonary 
necrosis who did not yield anaerobes had pulmonary tuberculosis, 
and the second had a pure culture of Klebsiella pneumoniae. Two 
of the patients who had anaerobic isolates and pulmonary necrosis 
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were afebrile, had normal leukocyte counts, and nonpurulent 
sputum. Both had bronchogenic carcinoma, and it was thought that 
the anaerobes were colonizing these cavitating carcinomas. The 
patients with anaerobic isolates were virtually all suc,cessfully 
treated with antimicrobials with a poor spectrum of activity 
against aerobic gram-negative bacilli, the type of aerobic 
pathogens most likely to cause lung necrosis. Thus, these data 
suggest that transtracheal aspirates are relatively reliable in 
making a diagnosis of anaerobic bacterial disease, but they do 
not allow calculation of the incidence of either false-positive 
or false-negative results. 

Tabl e 23 

Factors Relating to TTA Anaerobic Cultures 

Physician processing of specimen 

1. Obtain secretions without injecting saline. 
2. Transport in air-free stoppered syringe. 
3. Do not use transpo r t medium or cool 

specimen. 
4. Take immediately to laboratory (<10 minutes). 

Laboratory features 

1. Gram-stain imperative. 
2. General characteristics of organisms require 

24-72 h. 
3. Speciation requires additional 24-48 h. 
4. Antimicrobial sensitivities not routinely 

performed. 

Perctuaneous transtracheal aspiration is performed by 
passing a 16 gauge Intracath through the cricothyroid membrane 
following local anesthesia. The procedure should not be 
performed in uncooperative patients or patients with any type of 
bleeding dyscrasia. Respirato r y secretions are obtained by 
constant suction into a mucus trap or by syringe aspiration. 
Injecting saline into the trachea to facilitate obtaining mucus 
may decrease the recovery of anaerobic bacteria (19). The 
secretions obtained should be transported in a tightly fitting 
syringe from which the air has been expelled, and the end should 
be stoppered in a manner similar to transport for blood gas 
analysis (48, 49). Transport medium should not be used, and the 
specimen should not be cooled. The specimen should be taken to 
the bacteriology laboratory within 10 minutes. It is imperative 
to perform a gram-stain on the specimen for two reasons. If 
epithelial cells are observed the specimen was obtained from the 
oropharynx due to retrpgrade passage of the transtracheal 
catheter, and the specimen should be discarded. This occurs in 
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about 5% of procedures ( 19) • Second, the bacterial morphology 
observed on gram-stain may suggest the etiology. Cultural 
characteristics of anaerobic and aerobic bacteria also differ. 
On average, anaerobic bacteria grow more slowly than aerobic 
bacteria. Twenty-four to 72 hours are required to determine the 
general characteristics of the organisms, and speciation requires 
an additional 24-48 hours. Thus, completed identification may 
take 5 or more working days. In vitro testing for antimicrobial 
sensitivities is not performed routinely. 

The invasive nature of transtracheal aspirates, the 
necessity to initiate therapy before cultural results are 
available, the distinctive clinical presentation, and the 
predictable efficacy of specific antimicrobials frequently lead 
to treatment of patients without a bacteriological diagnosis. 
However, the changing resistance patterns of anaerobes to 
antimicrobials may lead to a change in this approach. 

Table 24 

Results of Non-Antimicrobial Therapy for 
Anaerobic Lung Abscess 

Therapy No. Pts. Outcome 
Died Well Chronic 

Percent 

Before 1936 
Medical 1086 34.4 
Surgical 1028 34.2 43.4 22.4 

1936-1944 
Medical 906 34.7 31.3 34.0 
Surgical 744 32.7 46.1 21.2 

Allen ~nd Blackman: J. Thorac. Surg. ~:156, 1936 
Smith: J. Thorac. Surg. 17:72, 1948 

In discussing the therapy of anaerobic infections it is 
helpful to review the natural history of lung abscess in the 
absence of antimicrobial therapy. These data are presented in 
Table 24 (14, 50). Medical therapy included arsenicals, postural 
drainage, bronchoscopy when necessary for drainage, bed rest, and 
nutrition. Surgical therapy before 1936 was most commonly 
directed at some type of percutaneous drainage procedure of the 
abscess and subsequently included lobectomy or occ~siqnally 
pneumonectomy to remove the infected area. With either type of 
treatment about a third of patients died, and many patients 
continued to have chronic lung infection. 
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Following general availability of penicillin in 1944 the 
results of medical therapy improved dramatically, but about a 
third of patients · continued to have surgical procedures through 
the 1950s (51). In the 1960s resectional surgery was still 
performed in a significant fraction of patients, primarily for 
the indication of delayed cavity closure. It was predominantly 
the reports of Weiss (52-54) confirmed by others (55) that 
demonstrated that prolonged antimicrobial therapy leads to cavity 
closure without the need for surgical intervention. 

Figure 6 

Cumulative End Results of 71 Cavities by Time 
After Antimicrobial Therapy 
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Weiss, William: Am. Rev. Respir. Dis. 1Qa:l273, 1973 

Weiss treated all of his patients with a single oral 
antimicrobial agent, most commonly penicillin G in a dose of 750 
mg 4 times per day (54). After 91 days, 75% of the cavities were 
undetectable. Of the remaining 25% persistence of cavitation 
could not be determined from standard radiographs or. tomograms 
for 17%, and the outcome was unknown for 8%. In · 8 cases a 
bronchogram was obtained when standard radiographs and tomograms 
showed no cavitation. A persistent cavity was demonstrated in 6 
patients between 6 weeks and 6 months after the beginning of 
antimicrobial therapy. However, these defects were not 
associated with any signs or symptoms of illriess. 

It is clear that surgical therapy is rarely indicated in 
patients with anaerobic puimonary infections. In their series of 
117 patients with parenchymal lung lesions, Bartlett and Finegold 
note that no patient required surgery (18). Contempor?ry 
indications for surgery include massive hemoptysis, a co-existing 
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bronchogenic carcinoma, and perhaps an occasional patient with an 
abscess which cannot be drained by medical therapy, including 
bronchoscopy. It should be noted, however, that empyema due to 
anaerobic organisms cannot be cured without adequate drainage. 
Although a thoracostomy tube may occasionally be successful, the 
majority of these patients require an open drainage procedure 
such as rib resection. Fatalities among patients with empyema 
are usually associated with failure to obtain adequate drainage 
or to a delay in performing an optimal surgical procedure (18). 

Table 25 

Antimicrobials with Good In Vitro Activity for 
Anaerobic Pleuropulmonary Infections 

Chloramphenicol 
Imipenem 
Metronidazole 
Rifampin 
Timentin 

Clindamycin 
Penicillin 

Chloramphenicol has among the best in vitro spectrum of 
activity against anaerobic bacteria of any antimicrobial agent 
(56-62). Most authorities consider it the drug of choice for 
patients who fail to respond to other agents. However, 
chlorampenicol's potential for causing serious hematological 
abnormalities has prevented its use for primary treatment in any 
series, and its use has been reported infrequently for patients 
in whom other drugs have failed. Imipenem, the first of the new 
carbapenem class of anitmicrobials, has been shown to have 
outstanding anti-anaerobe properties in vitro (63). However, it 
has not yet been utilized in a clinical trial. Metronidazole has 
been shown by in vitro studies to have an important bactericidal 
effect agains~ many strictly anaerobic bacteria (60, 62), 
although it is not very effective against anaerobic gram-positive 
cocci and some gram-positive bacilli (64). It also lacks 
activity against aerobic, and most microaerophilic or facultative 
organisms. Its in vitro activity has led to its use as the 
single antimicrobial agent in small series of patients with 
anaerobic pleuropulmonary infections (65-67). The failure to 
respond to metronidazole in a significant fraction of patients 
indicates that it is less effective than current available 
therapy. Its use as a single agent cannot be recommended. It 
has been suggested as a companion drug for penicillin, but I am 
aware of no clinical trial on which to base judgment of its 
effectiveness. Rifampin is an excellent antimicrobial agent 
against a broad spectrum of anaerobic bacteria in vitro (56, 68). 
There are no patient studies to confirm its clinical efficacy. 
The facility with which many bacteria develop resistance to 
rifampin suggests that it is not the agent of choice for these 
infections. Timentin is a combination of the broad-spectrum 
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penicillin ticarcillin and the beta-lactamase inhibitor 
clavulanic acid. Ticarcill in has the same or better in vitro 
activity against anaerobic bacteria as penicillin (58). However , 
like penicillin, ticarcillin is unstable in the presence of most 
bacterial beta-lactamases such as those produced by various 
species of Bacteroides. Clavulanic acid is an inhibitor of the 
beta-lactamases of many bacteria, including many anaerobes. 
Timentin has been shown to have an excellent spectrum against 
anaerobic bacteria, including Bacteroides, in vitro (69-71). Its 
use in patients with anaerobic pleuropulmonary infections has 
been quite limited (72), but one could predict that it wil l prove 
to be an excellent, although expensive, antimicrobial for this 
purpose. Clindamycin and penicillin are considered to be the 
antimicrobials of choice for anaerobic pleuropulmonary disease at 
present, and I shall return to them after reviewing other 
antimicrobials briefly. 

Table 26 

Antimicrobials with Mixed In Vitro Activity for 
Anaerobic Pleuropulmonary Infections 

Ampicillin 
Azlocillin 
Carbenicillin 
Cefoxitin 
Ceftizoxime 

Cephalothin 
Mezlocillin 
Moxalactam 
Piperacillin 
Ticarcillin 

Table 26 indicates antimicrobials with broad but nonuniform 
activity against anaerobes in vitro. These antimicrobials are 
not considered as logical choices for a recognized anaerobic 
pleuropulmonary infection. However, when treating a patient in 
whom the bacterial etiology is not clear and in whom broad 
activity against aerobes and anaerobes is desirable, these 
antimicrobials are reasonable. Ampicillin and the extended range 
penicillins, which include azlocillin, carbenicillin, 
mezlocillin, piperacillin, and ticarcillin, all have 
approximately the same spectrum of activity as penicillin {57-59, 
69-71). Some of the cephalosporins have a moderate anti-anaerobe 
activity. Probably the best of these are cefoxitin, oeftizoxime, 
cephalothin, and moxalactam {56-59, 62-64). Moxalactam is 
probably the most effective in vitro among this class of agents. 



Table 27 

Antimicrobials with Poor In Vitro Activity for 
Anaerobic Pleuropulmonary Infections 

Aminoglycosides 
Amoxicillin 
Dicloxacillin 
Doxycycline 
Erythromycin 

Lincomycin. 
Minocycline 
Nafcillin 
Tetracycline 
Vancomycin 

31 

Table 27 1 ists antimicrobial agents with a poor in vitro 
activity for the anaerobic bacteria which caused pleuropulmonary 
infections. The aminoglycosides have virtually no activity in 
this regard (56, 57, 73). Amoxicillin has activity against 
several species, but is not as effecttve as penicillin or 
ampicillin (58). Dicloxacillin and Nafcillin also have low 
activity relative to penicillin (74). The tetracycline group of 
drugs including Doxycycline and Minocycline, cannot be 
recommended (56-58, 60-62, 64, 73). Although tetracycline was 
used extensively in the 1960s for treatment of patients with 
infections not cured by penicillin, many anaerobes are now 
resistant to this agent. Erythromycin and lincomycin are active 
in vitro against many anaerobic bacteria, but their spectrum is 
quite erratic (56-58). vancomycin is not active against the 
anaerobic bacteria which cause pleuropulmonary disease, and it is 
even used in culture media to suppress the growth of other 
bacteria and allow the growth of anaerobes (73). 

As previously indicated, when an aerobic infection of the 
thorax is strongly considered, the usual choice of antimicrobial 
is between penicillin and clindamycin. This issue should be 
considered in the context not only qf in vitro sensitivity 
testing, but also the results of therapy in patients. 



Figure 7 

Response of Patients with Anaerobic Lung Abscess 
to Penicillin (17) or Clindamycin (16) 
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Penicillin has been used for the therapy of most patients 
with anaerobic bacterial pleuropulmonary disease since 194 4. 
Differing methods of reporting and differing definitions prevent 
precision, but it is reasonable to estimate that about 10% of 
patients have failed to respond (18, 52-54, 75). With the advent 
of clindamycin and the demonstration of its in vitr-o spectrum 
against anaerobes in the early 1970s, it has also been used as 
primary therapy with a failure rate of about 5% (76, 77). In 
1975 Bartlett and Gorbach reported a retrospective series 
comparing these two agents (78). Their results are presented in 
Figure 7. Although fever abated a little more rapidly with 
clindamycin, and cavity closure and roentgenographic clearing 
occurred a little more rapidly with penicillin, these 
investigators were able to discern little difference between the 
two. It is important to note that resolution of fever may nqt 
occur for up to 3 weeks, cavity closure for up to 9 weeks, and 
roentgenograpic clearing for up to 24 weeks with either agent. 
Thus, one cannot expect the rapid resolution of signs and 
symptoms in patients with anaerobic bacterial disease that one 
expects in patients with aerobic bacterial pneumonia. 

Since this study it has become apparent from in vitro 
investigations that an increasing number of anaerobic organisms, 
including strains in the Bacter-oides meZaninogenicus group, are 
becoming more resistant to penicillin. These studies cast doubt 
on the continued reliability of penicillin. Only one clinical 
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study is available in this regard (79). This multi-center trial 
compared clindamycin with penicillin for the treatment of 
anaerobic lung abscess in a prospective, randomly assigned 
manner. However, in my opinion, the study is not representative 
of treatment for this condition. I am concerned that only 39 
patients were entered from 8 cooperating institutions with a 
Veterans Administration Hospital contributing only 2. During a 
similar 5 year interval 57 patients meeting the criteria for this 
study were seen at Parkland Hospital and 50 at the Dallas 
Veterans Administration Hospital (27). I must conclude that not 
all eligible patients were entered in the study ra1s1ng the 
question of selection bias. There is also concern about the 
definitions used for treatment failure. I believe that the study 
may be interpreted to indicate that clindamycin is a better drug 
than penicillin for the therapy of anaerobic pleuropulmonary 
disease, but I do not believe that the study invalidates the use 
of penicillin for most patients. 

It has been known since the 1950s that Bacteroides fragitis 
demonstrates in vitro resistance to penicillin, and more recently 
it has been found that this organism is isolated in about 15% of 
patients with anaerobic pleuropulmonary disease (18). However, 
even patients from whom this organism has been recovered have 
been treated successfully with penicillin. This is thought to be 
related to the polymicrobial nature of these infections. It is 
unusual to isolate a single anaerobic organism from pleural fluid 
or transtracheal aspirate. On average there are 3 different 
bacterial species per case, including 2.4 anaerobic strains and 
0.6 aerobic or facultative strains (18). It is thought that the 
elimination of part of the species sufficiently alters local 
growth conditions to cause death of the remaining species. Thus, 
the in vitro sensitivity of a single specie may not predict the 
results of therapy. The clinical results of penicillin in all 
series save the one just mentioned (80) are satisfactory. 
Further, clindamycin is the most common cause of antibiotic
associated · diarrhea and pseudomembranous colitis (80). The 
diarrhea requires prolonged vancomycin administration, may not 
respond to therapy and may relapse after therapy (81, 82). I 
must agree with Bartlett (83, 84) and Finegold (85) that 
penicillin remains the antimicrobial of choice for the primary 
treatment of most patients with anaerobic pleuropulmonary 
disease. 



Table 28 

Recommended Therapy for Patients with Anaerobic 
Lung Abscess or Empyema 

1. Therapy for Most Patients 

Aqueous penicillin G 1 million units q4h IV until 
afebrile. 

Oral penicillin G 750 mg q6h until xray stable. 

2. Therapy for Critically Ill Patients 

Clindamycin phosphate 600 mg q8h IV until afebrile. 
Oral penicillin G 750 mg q6h until xray stable. 

3. Chest Physical Therapy for all patients with 
bronchoscopy if necessary for drainage. 

Adequate drainage of empyema as rapidly as 
possible. 
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Reasonable recommendations for therapy for patients with 
anaerobic lung abscess or empyema are presented in Table 28. 
Most patients are chronically but not critically ill. These 
patients may be treated with penicillin G, 1 million units every 
4 hours intravenously, until afebrile. Oral penicillin G, 750 mg 
every 6 hours, may then be given until radiographic clearing or 
stability has been demonstrated. If a patient is critically ill 
at presentation with a serious concern about death, it may be 
wise to use clindamycin, 600 mg q8h intravenously, until the 
patient bas become afebrile. Continuation therapy with oral 
penicillin is then reasonable for this type of patient. With 
either antimicrobial therapy the patient should receive chest 
physical therapy for drainage of cavities and bronchoscopy if 
necessary. Adequate drainage of empyema should be carried out as 
rapidly as possible. In some instances thorocostomy tube 
drainage may be satisfactory, but many patients require more 
extensive drainage by rib resection and an empyema tube. 

There is no precise means of determining the point of 
failure of penicillin therapy. If a patient has not become 
afebrile after 7 days of intravenous penicillin, it is reasonable 
to change to intravenous clindamycin. For these patients, 
continuation therapy should be with oral clindamycin, 300 mg 
every 6 hours, until radiographic stability. For the occasional 
patient who does not improve on clindamycin, chloramphenicol is 
usually recommended. Despite antimicrobial therapy, however, 
the mortality rate of anaerobic pleuropulmonary infections 
continues to be about 10% (18, 27, 86). 

·r 
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SUMMARY 

Pleuropulmonary infections due to anaerobic bacteria result 
from aspiration of upper airway flora, especially from the crypts 
surrounding teeth. They are almost always polymicrobial 
infections and frequently include aerobic bacteria. The clinical 
manifestations are lung abscess, necrotizing pneumonia, 
pneumonitis, or empyema. Anaerobic pneumonitis simulates an 
acute infection caused by aerobic bacteria and responds to the 
standard penicillin therapy for pneumococcal pneumonia. The 
other syndromes are more chronic. Patients give, on average, a 
history of symptoms for 7 weeks with lung abscess and three weeks 
for necrotizing pneumonia or empyema. An important feature of 
the history is depressed consciousness, usually due to 
alcoholism or seizures. The patients' complaints include cough , 
purulent sputum production which has a putrid in odor in about 
half, fever, chest pain, hemoptysis, and weight loss. Labo ra tory 
findings are nonspecific. Lung abscess most commonly occurs in 
the posterior segment of the right or left upper lobe or in the 
superior segment of a lower lobe. Necrotizing pneumonia involves 
these segments also, but is common in basal segments as well. 
Pleural disease in association with anaerobes is almost always 
empyema and is typically a large, loculated effusion. 

Patients are usually diagnosed and treated on clinical 
grounds. Penicillin is still considered the drug of choice, 
while clindamycin is reserved for critically ill patients and 
patients who fail to respond to penicillin. Antimicrobials are 
administered intravenously until the patient becomes afebrile. 
Oral antimicrobial therapy is continued until radiographic 
clearing o r stabilization of the lesion, a process usually 
requiring several weeks. Adequate drainage of cavities and 
prompt drainage of empyema is an important facet of therapy. 
Despite good medical management, the mortality rate continues at 
about 10%. 
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