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Abstract--In a controlled prospective randomized trial we studied the effect of 
selective decontamination of the digestive tract (SDD) in granulocytopenic patients on 
the frequency of infections. By SDD it was aimed to suppress the pathogenic Gram- 
negative micro-organ:;sms and yeasts without affecting the non-pathogenic anaerobic 

flora. This anaerobic flora was maintained intact because of its value for the 
colonization resistance of the gastrointestinal tract. 

SDD was accomp~!ished by oral administration of nalidixic acid or co-trimoxazole or 
polymyxin E to supp',,ess growth of aerobic Gram-negative bacteria, and amphotericin-B 
to inhibit growth of yasts. 

Gram-negative or yeast infections occurred in the control group 18 times in 12 
patients; in the deco~taminated group two times in two patients (P<0.01). Clinical 
infections occurred 15 times in 12 control patients and four times in three SDD treated 
patients (0.01<P< 0.05). While nine patients in the control group died with an 
acquired infection none died in the SDD treated group (P < 0.01 ). 

It is concluded that SDD is a promising and widely applicable method of infection 
prevention. It decreases the need for treatment in a 'protected environment'. 

INTRODUCTION 

PROLONGED periods of neutropenia frequently 
occur in patients with aplastic anemia or with 
acute leukemia, either as a manifestation of 
the disease or of its treatment. Both the 
number of granulocytes and the duration of 
the neutropenia are related to the incidence 
and severity of infections [1-4]. The bacterial 
infections are predominantly due to Gram- 
negative rods [2, 4 -10] ,  which may in most 
cases find their port of entry in the patient's 
own gastrointestinal tract [7, 9, 11, 12]. 
However, yeasts and fungi may also cause 
severe infections in these patients [13]. 
Therefore, infection prevention has been at- 
tempted in neutropenic patients by "sterili- 
zation" of the gut either inside or outside a 
"protected environment" [3, 9, 11]. For steri- 
lization of the digestive tract one or more of 
the following oval non-absorbable antibiotics 
have been used: gentamicin, vancomycin, 
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cephaloridin and neomycin. The dosages of 
these oral antibiotics are such that not only 
the potentially pathogenic microorganisms but 
also the non-pathogenic anaerobic part of the 
flora is suppressed or eliminated [14-17]. In 
animal as well as human studies this anae- 
robic flora has been shown to limit co- 
lonization of the digestive tract by aerobic 
potentially pathogenic species and to prevent 
overgrowth by such microorganisms [18]. The 
potentially pathogenic Gram-negative flora of 
the digestive tract (Pseudomonas aeruginosa, 
Escherichiae, Citrobacter, Klebsiellae and 
Proteae) is not static in composition. Under  
normal conditions different species conta- 
minate the digestive tract continuously by oral 
route [19-20]. However, most of these con- 
taminating potentially pathogenic microor- 
ganisms colonize the g.i.-tract for short per- 
iods in low concentrations; very few can co- 
lonize, i.c. persist longer (several months). 
Certain species of the anaerobic flora con- 
stitute a natural barrier against newly ac- 

859 



860 Dirk Th. Sleijfer et al. 

quired pathogenic .bacteria in a manner as yet 
only partially understood. This barrier has 
been called colonization resistance [21-22]. 

The above mentioned antimicrobial drugs 
for "gut-sterilization" all lead to suppression 
of these "protective" anaerobic bacterial spe- 
cies and thereby of the colonization resistance. 

A decrease of the colonization resistance 
considerably diminishes the threshold dose for 
colonization by aerobic potentially pathogenic 
species. This makes protective isolation nec- 
essary, particularly in a hospital environment 
in which resistant strains may exist. 

Those drugs which suppress or eliminate 
potentially pathogenic microorganisms from 
the g.i.-tract lumen without affecting the CR- 
constituting anaerobic 'flora would leave the 
colonization resistance intact. We have used 
such drugs for SDD in neutropenic patients. 
Originally developed in experimental animals 
[23], this approach was followed in a pro- 
spectively randomized controlled study in 
which nalidixic acid, co-trimoxazole or poly- 
myxin E were given either alone or in com- 
bination, but in all cases together with 
amphotericin-B. These antimicrobial agents in 
the dosages used do not affect anaerobic bac- 
teria but can suppress growth of 
Enterobacteriaceae, Pseudomonodaceae and 
Candida species [24-33]. 

MATERIALS A N D  M E T H O D S  

Patients 

In this prospective, randomized controlled 
trial, all consecutive adult patients with 
granulocytopenia due to bone marrow failure, 
acute myeloid leukemia, acute non-myeloid 
leukemia, or their treatment, and who were 
hospitalized between 01-01-1977 and 10-15- 
1978, were admitted to the study as soon as 
their peripheral granulocyte count had de- 
creased below 1000 per mm 3. Patients were 
randomized to receive either oral antibiotics 
aimed at selective decontamination of the 
digestive tract (SDD) or to serve as a control 
group. The patients were stratified into the 
following three diagnostic groups in order to 
obtain an even distribution of these diagnoses 
over the SDD and the control group: aplastic 
anemia, acute myeloid leukemia and acute 
non-myeloid leukemia. 

Some patients were hospitalized more than 
once, and each hospitalization period was 
considered to be a separate case. 

The study period of a case was terminated 

upon discharge from the hospital, when three 
times in succession the granulocyte count was 
above 1000 per mm a, or at death. Cases stu- 
died for less than 7 days, or in whom the 
protocol was not correctly followed, were ex- 
cluded from the study. 

After randomization, the choice of the anti- 
biotics used for selective decontamination was 
based on the results of the microbiological 
surveillance and on known or presumed 
hypersensitivity. 

Microbiological surveillance 

In both the selectively decontaminated and 
control group, cultures from the throat and 
the feces were performed three times per 
week. Cultures were made from stools or 
occasionally from an anal swab. 

Solely an aerobic culture was made on the 
specimens, with special attention given to 
potential pathogens such as aerobic 
Gram-negative rods (MacConkey agar, 
Merck), yeasts and fungi (Sabouraud agar, 
Merck), Staphylococci and Streptococci (blood 
agar, Oxoid) and Haemophilus influenzae 
(Levinthal agar, Oxoid). 

Gram-negative rods were identified and 
biotyped with A.P.I. 20 E-system (A.P.I. 
System S.A. La Balme Les Grottes, France) 
[12, 34, 35]. 

From all different biotypes the sensitivity 
pattern was determined by a standard series 
of antibiotics currently in use for the treat- 
ment of infections. In addition the sensitivity 
of nalidixic acid, co-trimoxazole and poly- 
myxin E was determined. 

Surveillance of the colonization resistance 

Contamination experiments with antibiotic 
resistant Enterobacteriaceae showed that 
anaerobes are responsible for the difference in 
the "threshold contamination dose for col- 
onization" between conventional and 
antibiotic-treated or germ-free mice [21, 22]. 
In other experiments it was shown that mice 
colonized with exclusively aerobic bacteria 
isolated from conventional mice had no re- 
sistance to colonization with resistant 
Enterobacteriaceae, while human anaerobes 
caused an increase in the C.R. of the gastroin- 
testinal tract in animals as well as in man 
[18]. Also, it was found that nalidixic acid 
[23], co-trimoxazole and polymyxin did not 
influence the C.R. 

The C.R. during antibiotic therapy can be 
directly expressed as the log concentration of 
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a specific resista:at microorganism [22]. If  the 
C.R. is decreased by a complete decontami- 
nation, only a few contaminating bacteria 
resistant to the antibiotics used become estab- 
lished in unusually high concentrations in the 
digestive tract [36], so that a decreased C.R. 
is reflected in ~Ln increased concentration of 
resistant microorganism. 

During therapy with nalidixic acid, co- 
trimoxazole or polymyxin, the unaffected 
C.R. is expressed by a constant concentration 
of the naturally resistant enterococci in the 
stool [23]. This observation was confirmed by 
others [37, 38]. 

Because the success in recovering anaerobes 
from the stool is largely determined by the 
care used in transportation and by laboratory 
facilities, and because isolation and identifi- 
cation of anaerobes are time-consuming [39], 
we decided to routinely use the concentration 
of the enterococci in the stool of the SDD 
patients as a practicable measurement of the 
colonization resistance, instead of culturing 
anaerobes. Wade et al. [40], evaluating the 
use of co-trimoxazole--albeit in a slightly 
lower dose per day--as  infection prophylaxis, 
however, found with extensive anaerobic cul- 
tures of the stool that the anaerobes were 
preserved, while the aerobes were suppressed. 

Selective decontamination 

As the goal of this trial was to suppress 
aerobic Gram-negative bacteria and yeasts to 
undetectable concentrations, the results of the 
microbiological surveillance determined the 
choice of the antimicrobial drugs used for 
SDD. Differences in the sensitivity pattern of 
the aerobic digestive tract flora and inevitably 
occurring side effects, such as allergy to an 
antimicrobial drug, required the availability 
of a number of different antibiotics. At the 
onset of the study nalidixic acid, co- 
trimoxazole, po~ymyxin E and amphotericin-B 
were available for this purpose. These anti- 
biotics leave the colonization resistance intact, 
and the first three can be used interchange- 
ably. 

Selective decontamination of the digestive 
tract (SDD) for Gram-negative rods was con- 
sequently attained with nalidixic acid (8g/ 
day) or with co-trimoxazole (three times a 
day two tablets, each tablet containing 80 mg 
trimethoprim and 400mg sulfamethoxazole) 
or with polymyxin E (800 mg/day). For selec- 
tive elimination of yeasts, an amphotericin-B 
suspension (2 g/day) was used. With exception 

of co-trimoxazole, the daily doses of the anti- 
microbial drugs were divided into four por- 
tions. All drugs were given orally. 

Hematological surveillance 

White blood cells were counted by the 
Coulter counter (>  3000 cells per mm 3) or in 
a counting chamber ( < 3000 cells per mm 3). 

Absolute levels of granulocytes were mea- 
sured in the hemocytometer or calculated 
from a differential count and the total white 
blood cell count. Differential counting was 
performed on 300 cells in a buffy coat smear. 
Counting of granulocytes was repeated three 
times a week. 

Clinical surveillance and treatment 

Complete physical examination and radio- 
graphic examination of the chest and sinuses as 
well as microbiological investigations were 
performed in each patient on the day of 
randomization and repeated when the patient 
had fever. In case of a suspected infection, 
other specimens i.e., blood, urine and sputum 
were cultured. When axillary temperature 
rose above 38.5°C blood cultures were 
performed. 

All patients, the selectively decontaminated 
as well as the control group, were treated in 
conventional four-bed hospital rooms under 
standard conditions. Standard non-sterile hos- 
pital food was provided. The patients of both 
groups were treated by the same group of 
physicians. Patients with acute non-myeloid 
leukemia were treated with a regime consist- 
ing of vincristine, prednisone and 1-aspara- 
ginase. Daunorubicin was added when in- 
dicated. Acute myeloid leukemia was treated 
with a regime consisting of arabinosyl cy- 
tosine, 6-thioguanine and daunorubicin [41] 
or with a less aggressive therapy consisting of 
lower dosages of the same drugs. When in- 
dicated, supportive treatment was given. This 
included R.B.C., granulocytes or platelet 
transfusions as well as i.v. supply of broad- 
spectrum bactericidal antibiotics (gentamicin 
+carbenicillin) and local or systemic anti- 
mycotic therapy. Local antimycotic therapy 
consisted of oral application of amphotericin-B 
in orabase (R) [42], or lozenges. 

Registration of acquired infections 

Fever day. Registered when axillary tem- 
perature was above 38.5°C. 
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Microbiologically documented infection. Defined 
as the presence of  definite signs and symptoms 
of  infection plus the isolation and identifi- 
cation of  pathogenic  microorganisms from 
blood, urine, sputum or local sites. 

Clinically documented infection. Defined as the 
presence of  definite signs and symptoms of  
infection with negative cultures. 

Non-infectious, "allergic" fever. Fever  as- 
sociated with a non-infectious cause such as 
blood transfusion, administrat ion of  anti-  
leukemic therapy  or with an allergic react ion 
to drugs. 

Fever of unknown origin. Defined as a fever 
not associated with signs or symptoms of  
infection and wi thout  positive cultures or ma- 
nifest allergic reactions. 

Statistical analysis 

T h e  end-point  of  the trial was de termined  
beforehand,  so that  the control  group and the 
SDD-t rea ted  group would consist of  at least 
50 patients each. This number  was chosen so 
that  the comparison of  the percentages of 
infected patients ( e = 0 . 0 5 )  could reveal a 
75% reduct ion in the number  of  infected 
patients in the SDD group with 95% chance.  
O f  the control  group patients,  3 0 - 5 0 %  were 
expected to develop an infection; this expec- 
tat ion was based on previously t reated pa- 
tients and on da ta  published by others [4-10].  

W h e n ' c o m p a r i n g  the percentages of  pa- 
tients, the Fisher's exact test was used with 
=0 .05 .  

R E S U L T S  

Patients 

One  hundred  and thir teen cases were ran- 
domized and 105 we re  evaluable;  20 patients 

were hospitalized more  than once. Eight  pa- 
tients were not evaluable because of  dea th  or 
discharge from the hospital within 7 days, or 
because the period of  SDD was less than 7 
days as a result of  a short period of  
granulocytopenia .  

Per t inent  details concerning the evaluated 
patients are given in Tab le  1. No impor tan t  
difference in the n u m b er  of  patients nor  in the 
average age was found between the SDD- and 
the control  group.  In  both groups the total 
n u m b e r  of  weeks on study was comparable .  
This was also the case with the distribution of  
periods with granulocyte  counts less than 100 
p e r m m  3 (35%, resp. 38%) ,  between 100 a n d  
500 p e r m m  3 (35%, resp. 3 2 % )  and above 
500 per  m m  3 (30%, resp. 30% of  the weeks of  
s tudy) among the subgroups. 

Microbiological surveillance 

Inventory. In all 105 cases Gram-negat ive  
rods were cul tured from the feces on ad- 
mission; in 26 cases these microorganisms 
were cul tured from the throatswab (13 cases 
in the control  group).  In the 105 cases  in- 
vestigated on admission, the fecal flora was 
sensitive to nalidixic acid in 96.9%, to co- 
t r imoxazole  in 78.7% and to polymyxin  E in 
80.4%. No cases of  microorganisms resistant 
to all three antibiotics could be found. 

Control patients. T h e  aerobic par t  of  the fecal 
popula t ion (Enterobacter iaceae,  Pseudomono-  
daceae and Candida species) of  the control  
patients was constantly changing dur ing  their  
hospital stay; this had also been repor ted  by 
others [19, 20]. 

In  37 control  patients Gram-nega t ive  rods 
were isolated from throat  cultures. 

Table 1. Patient characteristics 

Acute non-myeloid leukemia Aplastic anemia Acute myeloid leukemia All diagnoses 
SDD control SDD control SDD control SDD control 

Number of entrances 
Excluded 

Number of cases studied 
Males 
Females 

Average age (yr) 
Number of weeks of study 
Weeks with granulocytes per mm 3 

~< 100 
101-500 

>501 < 1000 
Number of cases with 

infection at admission 

17 
1 

16 
10 
6 

37.2 
73.0 

13.0 
33.0 
27.0 

0 

16 19 20 22 19 58 55 
1 1 1 3 1 5 3 

15 18 19 19 18 53 52 
11 10 ll 10 11 30 33 
4 8 8 9 7 23 19 

29.7 42.9 53.5 52.5 53.3 44.6 46.6 
46.5 58.0 66.0 78.5 79.5 2 0 9 . 5  192.0 

11.0 21.5 21.5 38.0 42.0 72.5 74.5 
18.5 20.0 20.5 21.5 22.5 74.5 61.5 
17.0 16.5 24.0 19.0 15.0 62.5 56.0 

1 4 3 2 4 6 8 
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Selective decontamination. From the 53 SDD 
patients, 32 started with nalidixic acid; suc- 
cessful decontamination (suppression of aero- 
bic Gram-negative bacteria and yeasts to un- 
detectable concentrations) was achieved after 
an average period of 6.9 days (S.D. 3.9 days). 
Eighteen patients started with co-trimoxazole, 
resulting in decontamination after 8.9 days 
(S.D. 4.6 days). In three patients who started 
with nalidixic acid, treatment had to be chan- 
g e d  to co-trimoxazole within a couple of 
days because of nausea; they were decon- 
taminated in 9.*3 days (S.D. 1.7 days). None 
of the patients were initially treated with 
polymyxin E. 

Fecal Gram-negative rods in SDD patients. 
Following successful decontamination, 16 pa- 
tients remained completely free of potenti- 
ally pathogenic Gram-negative rods 
(Enterobacteriaceae and Pseudomonodaceae) 
in their stool cultures. In 26 patients Gram- 
negative bacteria were occasionally found in 
low concentrations (~10  a bacteria per gram 
feces). These microorganisms were often dif- 
ferent in specie.,; and biotype from those cul- 
tured during the inventory period. Usually, 
these isolated Gram-negative bacteria were 
still sensitive to the drugs used for decon- 
tamination (this had been reported separately 
[43], and they disappeared within 2-3 days. 

In 40% of the cases in which resistant 
microorganisms were isolated, they also disap- 
peared without changing the antimicrobial 

therapy; in 60% the antimicrobial therapy 
was changed, promptly resulting in negative 
fecal cultures. 

Oropharyngeal Gram-negative rods in SDD pa- 
tients. Thirteen of the 53 decontaminated pa- 
tients were found to have sporadically Gram- 
negative rods in their throat cultures. 

Of the microorganisms isolated from the 
throat swabs in the SDD group, 70% was 
sensitive to the antibiotic used for SDD. 
Usually the contaminating agent disappeared 
without change of treatment. 

Evaluation of the colonization resistance in SDD 
patients. Since we decided to use the con- 
centration of the enterococci in the stool of 
the SDD patients as a measurement of the 
colonization resistance, the concentration of 
these microorganisms naturally resistant to the 
antimicrobial agents used. was determined in 
each fecal culture. 

During the selective decontamination, the 
concentration of the enterococci in the feces 
remained constant and did not differ from the 
concentration during the inventory period. 

Infection prevention 

As statistical analysis on the effect of SDD 
on the occurrence of infections is most ap- 
propriately done by comparing the number of 
infected patients, these data are therefore pre- 
sented separately (Tables 2 and 3) from the 
data on occurrence of infections in both 

Table 2. The number of patients who experienced one or more 
infections during SDD in comparison with the control group of patients 

Type of infection 

Number of 
patients 

SDD Control P-value 

All kinds of infections 
(F.U.O. included) 

Infections due to Gram-negative 
bacteria or yeasts 

Clinically documented infections 

10 24 <0.01 

2 12 <0.01 
3 12 0.01-0.025 

Table 3. Number and percentage of infected patients during various stages of granulocy- 
topenia in the selectively decontaminated and control group 

Granulocyte count 
Number and percentage of infected patients 

SDD Control P-value 

:~<100 6 (26%) 14 (56%) 0.025-0.05 
1 0 1 - 5 0 0  2 (6%) 11 (35%) <0.01 

>500 3 (10%) 5 (17%) >0.10 
Total 10 (19%) 24 (46%) <0.01 
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groups (sometimes more than one dur ing  the 
hospitalization of  a pat ient )  (Tables 4 and 5). 

Because selective decon tamina t ion  was ex- 
clusively directed against Gram-nega t ive  rods 
and yeasts, it was only expected to be effective 
in prevent ing infections due to these microor-  
ganisms. However ,  patients t reated with co- 
t r imoxazole may  have been protected against 
Gram-posi t ive cocci, a l though they were not  
necessarily suppressed in the g.i .- tract by the 
drug. Nevertheless, an overall  decrease in 
infection f requency of  more  than  75% was 
achieved by selective decon tamina t ion  of  the 
digestive tract  (Table  4). On ly  one Gram-  

Sleiffer et al. 

Table 4. The number of infections in SDD treated 
and in control patients 

SDD Control 

Total number of infections 9 38 
Infections due to Gram- 

negative bacteria or yeasts 2 18 
Int~ctions due to Gram- 

positive bacteria 3 5 
Clinically documented 

infections 4 15 
Episodes with F.U.O. 7 7 

Table 5. Occurrence of episodes with infections and fever of unknown origin during various stages of 
granulocytopenia in selectively decontaminated and control patients 

Microbiologically 
Leucocyte proven infections 

count SDD control 

Infectious episodes Clinical Fever of 
caused by Gram-neg. Infectious unknown 

bacteria or yeasts episodes origin 
SDD control SDD control SDD control 

Aplastic anemia 
~< 100 1 5 

101-500 0 2 
> 500 0 1 

Acute myeloid 
leukemia 
~< 100 2 8 

101-500 0 1 
> 500 0 1 

Acute non-myeloid 
leukemia 

100 1 4 
101-500 0 0 

> 500 1 1 
All diagnoses 

100 4 17 
101-500 0 3 
> 500 1 3 

Total 5 23 

0 4 1 0 0 0 
0 1 0 2 0 0 
0 1 0 0 0 0 

1 6 2 6 1 3 
0 1 1 2 3 2 
0 1 0 2 1 0 

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

2 13 3 7 2 3 
0 2 1 5 3 4 
0 3 0 3 2 0 

2 18 4 15 7 7 

negative and one yeast infection occurred in 
the SDD patients. One  of  these patients de- 
veloped cellulitis due to extravasat ion of  in- 
fusion solution and this area became infected 
by Acinetobacter calcoaceticus. This microor-  
ganism was not cul tured from the stool or the 
throat  swab at the t ime of  infection. T h e  
other  pat ient  who could not cont inue the 
antifungal par t  of  the SDD medicat ion be- 
cause of  nausea, developed a Candida krusei 
sepsis shortly after developing overgrowth in 
the gut  with the same organism. T h e  in- 
cidence of  Gram-posi t ive infections was si- 
milar  in both the SDD and the control  group 
(resp. 3 and 5 infections). Also, the numb er  of  

clinically documented  infections was reduced 
in the decontamina ted  patients. 

Twelve patients in the control  group and 
five in the SDD group developed Cand ida  
lesions ( P = 0 . 0 5 t ) .  Near ly  all occurred in the 
mouth  and were successfully t reated with local 
amphotericin-B.  

Most infections occurred in the control  pa- 
tients in the period dur ing  which they had less 
than 100 granulocy tes ,  especially in patients 
with acute leukemia. T h e  decrease in the 
infection incidence in these patients by selec- 
tive decontamina t ion  is remarkable  (Table  5). 
However ,  not only the n u m b e r  of  infections 
was reduced,  but  also the n u m b e r  of  patients 
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who acquired one or more infections during 
leukopenia was substantially reduced (P 
<0.01). This is evident for microbiologically 
as well as clinically documented infections 
(Table 2), especially in patients with less than 
500 g ranulocytes (Table 3). 

The reduction of the number of infections 
by selective decontamination of the digestive 
tract was especially remarkable in the re- 
spiratory and urinary tract (Table 6). 

Table 6. Site and number of infections in the SDD 
treated and control group patients 

Site 

Microbiologically and 
clinically documented infections 

SDD Control 

Urinary tract 0 
Respiratory tract 3 
Pharynx 0 
Blood 3 
Skin/soft tissue 3 
Anorectal 0 
Others 0 

8 
15 

1 
8 
3 
1 
2 

Infection prevention seems to be possible 
both upon first admission as well as during 
subsequent hospitalizations. There were 22 
first hospitalizations in leukemic SDD pa- 
tients, three patients developed five infections 
(one Gram-negative and one Gram-positive 
infection), while in the 20 leukemic patients 
without SDD 10 patients developed 22 in- 
fections (eight Gram-negative and two Gram- 
positive infection,;). During 13 subsequent hos- 
pitalizations in the SDD leukemic group two 
patients had two infections, while during 13 
study periods in the control leukemic group 
three patients developed six infections (four 
Gram-negative and one Gram-positive 
infection). 

The percentage of days (4%) with an axil- 
lary temperature above 38.5°C was signi- 
ficantly reduced in the group of SDD patients 
as compared to the percentage (15%) in the 
control group. 

Death due to acquired infection. Nine of the 52 
control patients but none of the 53 SDD 
patients died of infection (P<0.O1). 

Side effects. Nausea occurred frequently but 
in no case necessitated discontinuation of 
SDD. One patient treated with nalidixic acid 
developed phototoxicity and three patients 
developed skin rashes. No patients developed 
skin rashes dnring treatment with co- 
trimoxazole alone; in one such patient with a 

skin rash, more than one drug could have 
been responsible. 

D I S C U S S I O N  

In this report an effective method for in- 
fection prevention without the use of a pro- 
tected environment in granulocytopenic pa- 
tients is presented. The method is based on 
the concept of the colonization resistance [21- 
22]. The colonization resistance is a natural 
barrier maintained by certain species of the 
anaerobic flora which prevents colonization 
and overgrowth by acquired contaminating 
potentially pathogenic microorganisms. Thus, 
for selective suppression or elimination of 
aerobic Gram-negative bacteria as well as of 
yeasts and fungi, we used only those anti- 
microbial drugs (nalidixic acid, co- 
trimoxazole, polymyxin E and amphotericin 
B) which leave the anaerobic flora unaffected, 
even when applied in doses which are suf- 
ficiently high to eliminate the sensitive aerobic 
species.We have called this method selective 
decontamination of the digestive tract (SDD). 

"Total bowel sterilization" was considered 
to be hazardous without protective environ- 
ment, particularly because only CR- 
decreasing antibiotics such as neomycin and 
cephaloridin were available for this purpose. 
Following successful "total bowel sterilization" 
with these antibiotics, a substantial number of 
patients may acquire resistant strains of 
Gram-negative rods, and yeasts or fungi [44]. 
Even when these strains are still sensitive to 
the antibiotics used for total decontamination, 
they often persist in the bowel [45]. When the 
contaminant is resistant it may cause a rapid 
and massive overgrowth in the g.i. tract, 
which in turn may result in invasion and 
possibly a life-threatening infection [46]. As a 
consequence of the increased risk of acqui- 
sition of resistant strains---decreased threshold 
dose for colonization--total bowel sterilization 
must be combined with a protected environ- 
ment in order to reduce the chance of an 
unfortunate contamination. 

During selective decontamination, i.e., oral 
administration of drugs for which the aerobic 
flora was sensitive, overgrowth with orally 
acquired sensitive or resistant contaminants 
from the hospital food or other environmental 
sources did not occur in our study. As our 
patients (the control group as well as the SDD 
group) were treated on an open ward and 
received the normal, non-sterile hospital food, 
contamination by new exogenous Gram- 
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negative rods will have occurred daily. This 
was confirmed by our routine three weekly 
culturing which showed continuously appear- 
ing and disappearing Gram-negative microor- 
ganisms in the throats of the control patients 
as well as a changing potentially pathogenic 
flora in the stool of these patients during their 
hospital stay. 

In our SDD treated patients the contami- 
nation by exogenous Gram-negative microor- 
ganisms has only occasionally resulted in 
positive cultures of oropharynx swabs and 
feces. Furthermore, positive Cultures regarding 
Gram-negative bacteria of throat swabs and 
feces in no case persisted for a week or longer 
(colonization), not even in those cases in 
which the contaminating microorganisms were 
resistant to the antimicrobial drugs used. This 
observation together with a constant con- 
centration of the enterococci in the stool 
strongly suggests that the colonization resis- 
tance in our SDD patients remained intact, 
preventing persistence after the acquisition of 
new microorganisms. These results also in- 
dicate that an intact C.R. is equally effective 
for both resistant and sensitive contaminating 
microorganisms. In a separate paper compre- 
hensive data are published on the bacte- 
riological data [43]. 

Two of the antimicrobial drugs used in our 
study, co-trimoxazole and nalidixic acid, are 
well absorbed and may, in addition to their 
SDD effect, have had an additional systemic 
effect. The reduced number of positive cul- 
tures in patients with clinical infections could 
be due to the systemic effect of co-trimoxazole 
and nalidixic acid. However, this potential 
bias on the evaluation of SDD per se does not 
change our results. Furthermore, it is note- 
worthy that the number of clinical (not bacte- 
riologically documented) infections was also 
reduced by SDD. 

A possible disadvantage of the use of these 
prophylactic antimicrobial drugs could be the 
development of resistance among Gram- 
negative bacteria. However, in these patients 
this was not found to occur significantly [43], 
although incidental acquisition of resistant 
strains did occur. In no case did these in- 
variably short "colonizations" lead to an in- 
fection or to an increase of episodes with 
"fever of unknown origin". 

An obvious side effect of nalidixic acid and 
to some extent of amphotericin-B was the 
occurrence of nausea. This was of particular 
i lnportance in the patients who were given 
chemotherapy with cytostatic drugs, which in 

themselves usually cause nausea and vomiting. 
The anti-fungal part of the SDD medi- 

cation consisted of oral amphotericin-B sus- 
pension. This was given in order to prevent 
yeast colonization in the gastrointestinal tract, 
which might lead to yeast infections. The crux 
of yeast infections during infection prophylaxis 
with co-trimoxazole has been reported by 
Hughes [47]. However, Hughes used con- 
siderably higher doses of 12 tablets per day, 
aimed at prevention of Pneumocystis carinii 
infection. High doses of co-trimoxazole may 
affect the CR and therefore enhance Candida 
colonization. As judged from the occurrence 
of yeast infections (mainly Candida lesions in 
the oropharynx), a reduction of these lesions 
was seen in the SDD positive patients (P 
=0.05t ) .  This means that as a result of both 
the maintenance of a good colonization re- 
sistance as well as of oral amphotericin-B 
treatment. Candida infections did not con- 
stitute a major problem. 

The beneficial effects of selective decon- 
tamination of the digestive tract with nalidixic 
acid or co-trimoxazole or polymyxin were 
recently confirmed by others. In the 
Pneumocystis prophylaxis studies of co- 
trimoxazole by Hughes et al. [47] it was found 
that in children with acute lymphocytic 
leukemia, the use of co-trimoxazole prevented 
Gram-negative bacterial infections as well as 
Pneumocystis. Recently, the results of prophyl- 
actic co-trimoxazole in hospitalized granulo- 
cytopenic patients were published by Gurwith 
et al. [48]. However, only Guiot and Van 
Furth [49] used antimicrobial agents based 
on the concepts of selective decontamination 
in infection prevention. 

Since we have shown that SDD can be 
effective in infection prevention and can de- 
crease the number of deaths related 
to infection, we feel that this method may be 
preferable to total decontamination plus pro- 
tective isolation. This view is primarily based 
on differences in the patient's comfort in 
treatment, convenience for the staff and in the 
cost. In our opinion SDD appears to be a 
very promising and possibly more widely ap- 
plicable method for infection prevention in 
granulocytopenic patients. 
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