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Evaluation of Penicillin G in the Prevention of Streptococcal 
Septicaemia in Patients with Acute Myeloid Leukaemia 
Undergoing Cytotoxic Chemotherapy 

P. de Jong 1, M. de Jong 2, E. Kuijper 3, J. van der  Lelie 1,2. 

The efficacy of penicillin G was evaluated in the prevention of  infections caused by 
streptococci in patients receiving remission induction or intensive consolidation treat- 
ment for acute myeloid leukaemia. Between 1980 and 1988, 29 episodes of streptococ- 
cal septicaemia occurred in 139 treatment events. All patients received as prophylaxis 
regimen ciprofloxacin (n = 38) or a combination of polymyxin B with nalidixic acid 
(n = 42) or neomycin (n = 59). Six patients died of  streptococcal septicaemia despite 
adequate antibiotic treatment. The high incidence of streptococcal septicaemia lead to 
the administration of penicillin G in addition to ciprofloxacin as prophylaxis regimen 
during the 14 days immediately following cytotoxic chemotherapy. Only two episodes 
of  streptococcal septicaemia were documented after addition of penicillin G to the 
prophylaxis regimen (n = 76, p < 0.001). Both patients had an uneventful recovery 
after treatment with vancomycin. Patients receiving penicillin G prophylaxis ex- 
perienced fever during 17 % of the time and received antimicrobial therapy during 
20 % of the time per treatment event compared with 27 % and 32 % respectively of 
this time in patients receiving no streptococcal prophylaxis (p < 0.001). Penicillin 
G prophylaxis was associated with an increased incidence of  fever of  unknown 
origin and more frequent isolation of aerobic gram-negative bacteria in surveil- 
lance cultures. Penicillin G in combination with ciprofloxacin proved to be highly 
successful in preventing infections caused by streptococci and in reducing infec- 
tion-related mortality and morbidity. 

Several studies have shown an increased in- 
cidence of septicaemia due to streptococci in pa- 
tients with acute leukaemia undergoing intensive 
cytotoxic chemotherapy (1-4). Although gram- 
negative bacteria used to be the predominant 
pathogens causing infection, streptococci are now 
a frequent cause of morbidity and mortality in 
these patients. Complications of streptococcal 
septicaemia include respiratory distress syn- 
drome and septic shock (5-7). Mortality rates 
vary between 10 % and 38 % (1, 8). 

The change in the pathogen spectrum of bacterial 
infections and the severity of these infections 
have lead to revision of the strategies for manage- 
ment of neutropenic patients, Since currently 
used prophylactic regimens do not prevent strep- 
tococcal septicaemia, additional administration 
of vancomycin (9, 10), roxithromycin (11) or 
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penicillin (12) has been suggested. Other inves- 
tigators recommend the routine empirical use of 
vancomycin (13) or penicillin G (8) upon onset of 
fever. Heimdahl et al. (14) recommend limiting 
the portals of entry for streptococci by preventing 
oral herpes simplex virus infections. 

As previously reported, we have also noticed an 
increasing incidence of streptococcal septicaemia 
in our centre (4). Therefore, since 1988 we have 
added penicillin G to our ciprofloxacin prophy- 
laxis regimen during the first 14 days following cy- 
totoxic chemotherapy for acute myeloid leukae- 
mia. In this article, we report the results using this 
extended regimen to prevent streptococcal infec- 
tion and compare the results with our previous 
experience using prophylactic regimens not con- 
taining penicillin G. 

Patients and Methods 

Clinical and microbiological records were reviewed of 
all 86 adult patients who were treated in our hospital for 
acute myeloid leukaemia between 1980 and 1990, and 
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received either ciprofloxacin or a combination of poly- 
myxin B with nalidixic acid or neomycin for selective 
intestinal decontamination. They received 236 courses 
of antileukaemic chemotherapy leading to moderate 
neutropenia (< 500 neutrophils/mm 3) or severe neutro- 
penia (< 100 neutrophils/mm3). Besides dose increment, 
no essential changes were made in antileukaemic treat- 
ment during this period. A treatment event was defined 
as the period of time between the start of cytotoxic 
chemotherapy and either a rise of the neutrophil count 
above 500/mm 3, or the start of a new course of cytotoxic 
chemotherapy, or discontinuation of active treatment, 
with a minimum of seven days. Twenty-one events were 
excluded from analysis because of insufficient data (12) 
or a duration of less than seven days (9). The evaluable 
215 events included 148 remission inductions and 67 in- 
tensive consolidations. 
Prophylactic antibiotics were administered orally from 
the start of cytotoxic chemotherapy until a rise of the 
neutrophil count above 500/mm 3. The different prophy- 
laxis regimens used consisted of polymyxin B (200 mg 
q.i.d.) in combination with either nalidixie acid (1 g q.i.d, 
42 events, 1980--1982) or neomycin (250 mg q.i.d., 59 
events 1982-1986), and ciprofloxacin (500 mg b.i.d., 38 
events, 1986-1988). In the last two years intravenous 
penicillin O (106 U q.i.d., 63 events) was given in addition 
to ciprofloxacin during the first 14 days following chemo- 
therapy. Three patients were allergic to penicillin G and 
received as alternative prophylaxis erythromycin (500 mg 
q.i.d., 3 events), vancomycin (500 mg q.i.d., 2 events) or 
cephradine (1 g q.i.d., 2 events). Five patients were 
treated for an early infection with vancomycin (500 mg 
q.i.d., 4 events) or cephradine (1 g q.i.d., 2 events) before 
the penicillin G prophylaxis was started, and these drugs 
were continued as streptococcal prophylaxis. Patients 
also received antifungal prophylaxis (amphotericin B, 
500 mg q.i.d., or ketoconazole, 200 mg b.i.d.) and were 
nursed in simple reversed isolation when neutrophil 
counts were below 500/mm 3. 

A febrile episode was defined as a temperature > 38 °C 
of at least 12 hours duration or a temperature > 38.5 °C 
on one occasion. In case of fever, patients were examined 
carefully for the presence of infection, and cultures of 
blood and material from suspected sites of infection were 
performed. Depending on the patient's condition, broad- 
spectrum antibiotic therapy was instituted empirically, 
Usually consisting of a combination of gentamicin and 
amoxicillin in patients not receiving penicillin G, and 
gentamicin and vaneomycin in patients receiving penicil- 
lin G. Febrile episodes were classified afterwards as clini- 
cally documented infections (signs of infection, negative 
cultures), microbiologically documented infections (signs 
of infection, positive cultures of blood or other material) 
or fever of unknown origin (no signs of infection, negative 
cultures). Clinically documented infections were further 
classified as minor infections (rapidly resolving infec- 
tions, mainly superficial skin infections) or major infec- 
tions (prolonged and/or life-threatening infections, main- 
ly tung infections). Septicaemia was diagnosed when signs 
of infection were present and one or more blood cultures 
were positive. In the case of septicaemia due to Staphy- 
lococcus epidermidis and Corynebacterium xerosis at 
least two positive blood cultures were required. 
Surveillance cultures of specimens from the throat and 
faeces were performed twice weekly and were cultured 
for Staphylococcus aureus, aerobic gram-negative bac- 

teria, yeasts and fungi. From 1985 onwards cultures of 
nasal specimens were performed as well. Colonization 
was defined as the isolation of a microorganism from 
one or more surveillance cultures during a treatment 
event after at least one week of prophylaxis. 
For statistical analysis the chi-squ.are test and the 
Student's t-test were used. A p value < 0.05 was con- 
sidered to be statistically significant. 

Results 

Patients and Treatment Events. D a t a  on  the 
pat ients  and  t r ea tmen t  events  are  shown in Table  
1. T h e  med ian  n u m b e r s  o f  days o f  prophylaxis ,  
m o d e r a t e  n e u t r o p e n i a  and severe  neu t ropen i a  
were  higher  in pat ients  receiving c iprof loxacin  
with o r  wi thou t  s t rep tococca l  prophylaxis  than in 
the o the r  pa t i en t  group,  p r o b a b l y  due  to the  use o f  
m o r e  intensive cyto toxic  c h e m o t h e r a p y  in recent  
years. T h e  med ian  age o f  pat ients  in the  cipro- 
floxacin g r o u p  was higher. 

Fever and Antimicrobial Therapy. T h e  da ta  on  
febrile episodes  and ant imicrobia l  t he rapy  are  
summar ized  in Table  1. Pat ients  receiving strep-  
tococcal  prophylaxis  exper i enced  fever  and  
received ant imicrobia l  t he rapy  for  a significantly 
shor ter  t ime per  t r e a tmen t  event  c o m p a r e d  with 
pat ients  receiving c iprof loxacin a lone  (p < 0.001) 
or  po lymyxin  B c o m b i n e d  with nalidixic acid or  
n e o m y c i n  (p < 0.001). F u r t h e r m o r e ,  the per iod  of  
t ime be tween  the start  of  cy to toxic  c h e m o t h e r a p y  
and the first day of  fever  was significantly longer  
in pat ients  receiving c iprof loxacin  plus strep- 
tococcal  prophylaxis  c o m p a r e d  with pat ients  
receiving either ciprofloxacin alone (p = 0.024) or  
polymyxin  B plus n e o m y c i n  or  nalidixic acid 
(p = 0.0004). The  per iod  of  t ime be tween  the  start  
of  cy to toxic  c h e m o t h e r a p y  and the first day of  
ant imicrobia l  the rapy  in pat ients  receiving cipro-  
f loxacin plus s t rep tococcal  prophylaxis  was no t  
significantly di f ferent  f rom that  in pat ients  receiv-  
ing c iprof loxacin  a lone  (p = 0.117), but  was sig- 
nif icantly shor te r  in pat ients  receiving po lymyxin  
B plus nalidixic acid or  n e o m y c i n  (p = 0.022). 

Febrile Episodes, Streptococcal Septicaemia and 
Infection-Related Mortality. T h e  n u m b e r  and  
causes o f  febrile ep isodes  for  each prophylaxis  
g roup  are  shown in Table  2. All  g roups  had  com-  
parable  number s  o f  febri le episodes.  In  pat ients  
receiving c iprof loxacin  plus s t rep tococca l  pro-  
phylaxis,  16 febri le ep isodes  occu r r ed  before  
s t reptococcal  prophylaxis  was given, 36 dur ing 
s t reptococcal  prophylaxis  and 13 af ter  discon- 



752 Eur. J. Clin. Microbiol. Infect. Dis. 

Table 1: Data on patients, treatment events, prophylaxis and antimicrobial therapy. 

Polymyxin B + Ciprofloxacin + 
neomycin or Ciprofloxacin streptococcal 
nalidixic acid prophylaxis a 

No. of treatment events 101 38 76 

No. of patients 48 18 28 
Age (years) b 54 (24-75) 64.5 (22-77) 53 (20-75) 

Duration (days) of prophylaxis b 
Duration (days) of neutropenia b 
Duration (days) of severe neutropenia b 

Infection at start of prophylaxis 

Duration (days) of fever 
Time (days) until first day of fever b 

Duration (days) of antimicrobial therapy 
Time (days) until first day of 
antimicrobial therapy b 

20 (7-51) 25 (7-39) 26 (9-83) 
16 (0-51) 21.5 (6-39) 20 (0-74) 
9 (0-42) 14.5 (0-30) 14 (0-14) 

8 5 6 

552/2146(26%) 250/924(27 %) 360/2109(17 %) 
6 (0-19) 7 (0-21) 11 (0-29) 

698/21.46(33 %) 297/924 (32 %) 425/2109 (20 %) 
8 (0-23) 11 (0-21) 14 (0-30) 

a Penicillin (63 events); vancomycin (6 events); cephradine (4 events); erythromycin (3 events). 
bValues given as median with range in brackets. 

tinuation of this prophylaxis. During streptococ- 
cal prophylaxis, fever lead to treatment with 
broad-spectrum antibiotics, mostly vancomycin, 
in 25 cases. All patients recovered and fever 
resolved within a median of three days (range t -  
37 days). 

Significantly more febrile episodes in patients 
receiving streptococcal prophylaxis were clas- 
sified as fever of unknown origin (p < 0.02). Clini- 
cally documented infections, both major and 
minor, were equally distributed among the three 
groups. The incidence of microbiologically docu- 
mented infections with positive blood cultures 
was significantly lower in the streptococcal 
prophylaxis group compared to both other 
groups. In only 12 % of febrile episodes in 
patients receiving streptococcal prophylaxis, was 
a positive blood culture found compared with 36 % 
and 30 % in patients receiving ciprofloxacin 
alone and polymyxin B plus nalidixic acid or 
neomycin respectively (p < 0.01). 

In patients receiving streptococcal prophylaxis, 
only two episodes of streptococcal septicaemia 
occurred. In the first case Streptococcus viridans 
was found in a blood culture from a patient who 
received erythromycin as alternative prophylaxis 
because of allergy to penicillin. The isolated 
strain showed no resistance to erythromycin. In 
the second case Streptococcus mitis was isolated 
from a blood culture taken one day after discon- 

tinuation of prophylaxis in a patient who was still 
severely neutropenic. In both cases antibiotic 
treatment with vancomycin was followed by com- 
plete and uneventful recovery within 4 to 6 days. 
In patients receiving ciprofloxacin alone, eight 
episodes of streptococcal septicaemia were docu- 
mented (p < 0.01). Four patients recovered within 
6 to 22 days. The remaining four patients died of 
respiratory insufficiency due to adult respiratory 
distress syndrome. Twenty-one episodes of strep- 
tococcal septicaemia occurred in patients receiv- 
ing polymyxin B plus nalidixic acid or neomycin 
(p < 0.001). In 17 cases the median duration of 
symptoms was six days (range 3-18 days). Four 
patients developed pulmonary symptoms, two of 
whom eventually recovered while the remaining 
two patients died of respiratory insufficiency. In 
addition, two patients in this prophylaxis group 
died of Staphylococcus aureus septicaemia. 

Colonization. Results of surveillance cultures 
were compared to analyze the impact of strep- 
tococcal prophylaxis on the rate of colonization 
by microorganisms. With regard to Staphylococ- 
cus aureus colonization, no difference was found 
between patients receiving ciprofloxacin with and 
without streptococcal prophylaxis (8 % and 6 % 
of treatment events respectively). In the cipro- 
floxacin plus streptococcal prophylaxis group, 
aerobic gram-negative bacteria were isolated in 
surveillance cultures in 18 % of treatment events. 
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Table 2: Classification of febrile episodes and infection-related mortality. 

Potymyxin B + Ciprofloxaein + 
neomycin or Ciprofloxacin streptococcal 
nalidixic acid prophylaxis 

No. of febrile episodes 

No. of documented infections 

No. microbiologically documented 

Positive blood culture 
Streptococci 
Staphylococcus aureus 
Staphylococcus epidermidis a 
Corynebacterium JK 
Corynebacterium xerosis 
Pseudomonas maltophilia 
Klebsiella pneumoniae 
BranhameUa catarrhalis b 
Bacteroides oral& 

Positive culture at other site 
Streptococci 
Staphylococcus aureus 
Escherichia coli 
Pseudomonas aeruginosa 
Pseudornonas maltophitia 
Klebsielta pneumoniae 
Bacteroides distasonis 
Aspergillus fi~migatus 

No. clinically documented 
Major infection 
Minor infection 

No. with fever of unknown origin 

Infection-related mortality 

108 36 65 

63 (58 %) 20 (56 %) 26 (41%) 

41 14 11 

32 (30 %) 13 (36 %) 8 (12 %) 
21 8 2 

6 0 0 
3 4 4 
0 1 0 
0 0 1 
0 1 0 
4 0 0 
1 0 0 
0 0 1 

9 1 3 
2 0 0 
3 0 1 
1 0 0 
1 0 0 
0 0 1 
1 0 0 
1 0 0 
0 1 1 

22 (20 %) 6 (17 %) 15 (23 %) 
5 1 2 

17 5 13 

45 (42 %) 16 (44 %) 39 (59 %) 

4 4 0 

a Combined with streptococci: 2 cases on polymyxin B + nalidixic acid or neomycin, 1 case on 
ciprofloxacin. 

bCombined with S, epidermidis. 

These organisms included Escherichia coli (n = 1), 
Klebsiella sp. (n = 1), Enterobacler spp. (n = 3), 
Pseudornonas aeruginosa (n = 1), Pseudomonas  
spp. (n = 6) and Acinetobacter spp. (n = 3). Only 
six microorganisms (Pseudomonas spp., n = 3 and 
Acinetobacter spp., n = 3) were resistant to 
ciprofloxacin. In two cases polymyxin B was 
added to the prophylact ic  regimen.  All coloniza- 
tions were  transient.  No episodes of  colonization 
with aerobic  gram-negat ive  bacteria were found 
in the group receiving ciprofloxacin without 
s t reptococcal  prophylaxis  (p < 0.02). In patients 
receiving polymyxin B plus neomycin  or nalidixic 
acid, significantly more  episodes of colonization, 
both with Staphylococcus aureus (26 %) and 
aerobic gram-negat ive  bacter ia  ( 51%) ,  were 
found compared  with patients receiving cipro- 

floxacin (p < 0.001). All groups had comparab le  
numbers  of  episodes of  colonization with yeasts 
and fungi (polymyxin B plus neomycin  or nalidixic 
acid g r o u p  55 %,  c ip rof loxac in  g r o u p  57 % 
and  ciprof loxacin plus s t rep tococca l  p rophy-  
laxis g roup  45 %).  

D i s c u s s i o n  

During the past  few years, the pathogen distribu- 
tion of bacterial  infection in leukaemic  patients 
undergoing cytotoxic chemothe rapy  has been 
changing f rom gram-negat ive  to gram-posit ive 
bacteria. An increased incidence of infections 
caused by Staphylococcus epidermidis is as- 
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sociated with the more frequent use of indwelling 
central venous catheters (15, 16). The increasing 
incidence of streptococcal septicaemia in patients 
with leukaemia coincides with the use of more ag- 
gressive cytotoxic chemotherapy causing more 
severe and prolonged neutropenia and a greater 
degree of mucositis, thereby providing portals of 
entry for these organisms (1, 2, 14). Furthermore, 
the institution of selective intestinal decon- 
tamination (4), especially with the newer quino- 
lones (6, 10) may play a role. 

In our hospital, an increasing incidence of strep- 
tococcal septicaemia lead to the administration of 
penicillin G in addition to ciprofloxacin for pro- 
phylaxis in patients receiving cytotoxic chemo- 
therapy for acute myeloid leukaemia. This 
regimen was only given during the first 14 days 
following Chemotherapy since, according tO a pre- 
vious study (4), the vast majority of cases of strep- 
tococcal septicaemia occur during this period 
when bone marrow suppression and mucositis are 
maximal. 

This prophylaxis resulted in a significantly shorter 
duration of fever and antimicrobial therapy in 
patients receiving the regimen compared with 
patients receiving ciprofloxacin alone (p < 0.001) 
or a combination of polymixin B with nalidixic 
acid or neomycin (p < 0.001). Moreover, in pa- 
tients receiving penicillin G, fever was associated 
significantly less frequently with positive blood 
cultures (p < 0.01) compared with patients not 
receiving streptococcal prophylaxis, whereas sig- 
nificantly more episodes of fever were of un- 
known origin (p < 0.02). The increased incidence 
of fever of unknown origin can be explained by a 
rise in the episodes of drug fever caused by 
penicillin G. Penicillin G may furthermore 
prevent bacterial growth in blood cultures, thus 
also contributing to the higher number of 
episodes of fever of unknown origin. 

More importantly, the penicillin G prophylaxis 
resulted in a significantly decreased incidence of 
streptococcal septicaemia. Only two episodes of 
septicaemia caused by streptococci were docu- 
mented after penicillin G was added to the 
prophylactic regimen (76 treatment events). One 
case involved the isolation of an erythromycin 
sensitive streptococcus in a patient who received 
erythromycin as alternative streptococcal pro- 
phylaxis because of allergy to penicillin. Ap- 
parently, because erythromycin is bacteriostatic 
rather than bactericidal, it could not prevent sep- 
ticaemia. The second case occurred one day after 
discontinuation of prophylaxis in a still severely 

neutropenic patient. Both patients recovered un- 
eventfully after antibiotic treatment with van- 
comycin. Streptococcal septicaemia was documen- 
ted in 8 of 38 treatment events in patients receiv- 
ing ciprofloxacin alone (p < 0.01), and in 21 of 101 
treatment events in patients receiving polymyxin 
B plus nalidixic acid or neomycin (p < 0.001), with 
a fatal outcome in four and two cases respectively. 

Guiot et al. (12) also reported a decreased in- 
cidence of streptococcal infection after the intro- 
duction of penicillin G for prophylaxis. In another 
study, Guiot et al. (17) demonstrated that infec- 
tions with viridans streptococci occurred less fre- 
quently and were less severe in patients on 
penicillin G prophylaxis compared with patients 
on cotrimoxazole prophylaxis. 

A potential disadvantage of penicillin G prophy- 
laxis is overgrowth of aerobic gram-negative bac- 
teria as well as yeasts and fungi. However, al- 
though gram-negative bacteria were isolated in 
surveillance cultures significantly more fre- 
quently in patients receiving ciprofloxacin plus 
penicillin G compared with patients receiving 
ciprofloxacin alone (p < 0.02), this colonization 
did not lead to infection. In our study, administra- 
tion of penicillin G did not result in overgrowth of 
yeasts and fungi. 

Another potential disadvantage is the emergence 
of penicillin-resistant streptococci (18) or Staphy- 
lococcus epidermidis (19). Therefore, it was our 
policy to replace penicillin G with vancomycin on 
an empirical basis in case of fever. However, in- 
fections with penicillin-resistant streptococci 
were not documented in our study. Furthermore, 
an increased incidence in septicaemia caused by 
Staphylococcus epiderrnidis was not found in 
patients receiving penicillin G (Table 2). 

In conclusion, a prophylaxis regimen consisting of 
penicillin G and ciprofloxacin proved to be highly 
successful in preventing infections caused by 
streptococci and in reducing infection-related 
mortality. It remains unclear which alternative 
prophylaxis is preferable in the case of penicillin 
allergy. Erythromycin does not seem to be the 
most appropriate choice. Vancomycin may be a 
better alternative. 
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