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Synergistic Protective Effect of Antibodies and Ampicillin in Mice Infected 
Intraperitoneally with Escherichia coli 

Summary: The possibility of a synergistic effect between immune 
factors and ampicillin against bacterial infections has been investi- 
gated in mice infected intraperitoneally with Escherichia coll. 
Following active immunization against the O antigen, synergy 
between the specific immune factors arising and ampicillin was 
observed provided that the animals were not infected until the 
antibodies were formed, i. e. four days after immunization. If the 
animals were infected three days after immunization, i. e. before 
the antibodies were detectable, no such synergistic effect could be 
seen. Injection of mice with rabbit E. coti 0 antibodies four hours 
prior to infection and subsequent treatment with ampicillin re- 
suited in enhanced protection of the animals, compared to that 
observed with antibodies or ampicillin alone. Furthermore, one 
rabbit antiserum out of three raised against the capsular K antigen 
also showed a synergistic protective effect with ampicillin. The 
results suggest that antibodies may have a beneficial effect on the 
treatment of infections with a bactericidal drug such as ampicillin, 
but that the biological significance of these antibodies has to be 
further elucidated. In contrast, stimulation of the immune defence 
system with serologically unrelated E. coli bacteria without in- 
crease of homologous antibodies, does not appear to enhance 
bacterial killing by ampicillin. 

Zusammenfassung: Synergistische Schutzwirkung yon A,~tikfrpern 
und AmpiclTlin bei intraperitoneal mit Escherichia coli infizierten 
Miiusen. Zur Beurteilung eines m6glichen synergistischen Effektes 
von Immunfaktoren und Ampicillin wurden intraperitoneal mit 
Escherichia coli infizierte M~iuse als Modell benutzt. Aktive Im- 
munisierung gegen das O-Antigen ergab einen gewissen Synergis- 
musder gebildeten Immunfaktoren mit Ampicillin, vorausgesetzt, 
die Tiere wurden erst nach der Bildung von Antiktrpern, d. h. vier 
Tage nach Immunisierung, infiziert. Wurden die Tiere drei Tage 
nach der Immunisierung infiziert, d. h. bevor Antik6rper megbar 
nachweisbar waren, so war keine derartige synergistische Wirkung 
festzustellen.'Wurden E. eoli-O-Antiktrper vom Kaninchen M~iu- 
sen vier Stunden vor der Infektion und der Peniciltinbehandlung 
gegeben, so ergab sich eine gesteigerte Schutzwirkung im Ver- 
gleich zu der Wirkung je yon Antiktrpern oder Ampicillin allein. 
Ferner zeigte eines yon drei Kaninchen-Antiseren gegen das K- 
Kapselantigen ebenfalls einen synergistischen Effekt mit Ampicil- 
lin. Aus diesen Ergebnissen war zu schlieBen, dab Antik6rper eine 
giinstige Wirkung auf die Behandlung yon Infektionen mit Bakte- 
riziden wie z. B. Ampicillin baben k6nnten, dab aber die biologi- 
sche Funktion dieser Antik~Srper n~her gekl~rt werden miigte. 
Eine Stimulierung des Immunabwehrsystems mit serologisch 
nichtverwandten E. coli-Stgmmen ohne die Erzeugung homologer 
Antiktrper diirfte dagegen die Bakterizidie durch Ampicillin nicht 
verstfirken. 

Introduct ion 

Recurrent  bacterial infections are still a clinical problem 
despite the availability of a wide range of antibacterial 

agents. In order  to improve therapy, increasing importance 

is being at tached to the evaluat ion of the protective capaci- 

t y  of immune factors, especially of those which may func- 

tion synergistically with antibacterial drugs. Recent ly  it was 

shown that the (Fab)2 fragment of antibodies against 

Pseudornonas aeruginosa endotoxin had a synergistic effect 

on the  protect ion by gentamicin in compromised  as well as 

in normal mice with experimental  Pseudomonas infections 

(1). Also,  immunoglobul in  potent ia ted the protective effect 

of dibekacin against corneal  ulcers in mice (2). 

Ant ibodies  against an invading organism can be directed 

against various virulence antigens, such as celt wall struc- 

tures, enzymes or  toxins. The  antibodies against these 

different structures have differing protective capacities (3). 

Unspecific stimulation of the defence mechanisms in vari- 

ous ways, (i. e. BCG,  levamisole) is also known to result in 

increased resistance against infections. When  investigating 

the possibility of obtaining synergy be tween  immune fac- 

tors and antibacterial  agents, the occurence of antibodies 

against different bacterial  components  should .b.e taken into 

consideration fis well as unspecific stimulation of the de- 

fence system. 

In this study we present  some data indicating that anti- 

bodies against the O and K antigen of Escherichia coli 
bacteria may act synergistically with ampicillin, but that 

unspecific s t imula t ion  with serologi'cally unrelated E. coli 
bacteria does not mediate  such effects. 

Materials and Methods 

Animals: The animals used were CBA female mice, 20-22 g body 
weight in the immunization experiments and NMRI female mice, 
20-22 g body weight (Anticimex, Stockholm, Sweden) in the 
experiments on passive immunization by transfer of rabbit antisera 
(see below). 
Antiserum for passive immunization was produced in New Zea- 
Iand rabbits of both sexes, 2-2,5 kg body weight. 
Bacteria: E. coli bacteria of serogroups O6:K2a,2c:HI, 
O6:K13:H1 and O22:K13:H1 (WHO designations Bi 7458/41, 
Su 4344/41 and E 14a) were used. 
Immunizations: Mice were injected intraperitoneally with 10 s 
formalin-killed E. coli O6:K13:HI bacteria. Serum was taken 
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Figure 1: Protective effect of rabbit 
antiserum against E. coli 0 6  anti- 
gen with or without 25 mg/kg body 
weight ampicillin in intraperito- 
neally infected mice recorded after 
28 h.The antisera were diluted as 
indicated. The reproducability in 
the experiments was +_ 25 %. 

three and four days after immunization by retro-orbital venous 
plexus bleeding. The serum samples were stored at -20°C until 
used. Four rabbits were immunized with 106 to l0  s formalin- 
killed. E. eoli O6:K13:H1 bacteria as described by Ahlstedt et al, 
(4) to obtain antibodies specific against the O6 antigen. Two sera 
from rabbits immunized once (serum I and 2) or repeatedly 
(serum 3 and 4) were used. For inducing antibodies against the 
K13 antigen three rabbits were hyperimmunized according to 
Hotmgren et al, (5) using formalin-killed and later live E. coli 
O22:K13:H1 bacteria. Only hyperimmune sera from these ani- 
mals were used. Sera were stored at -20  ° C until used. 
Protection experiments: For infections E. coli O6:K2a,2c:H1 or 
O6:H13:H1 bacteria were used. The microorganisms were cul- 
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tured over night in tryptose phosphate broth (Difco) substrate and 
then recultured for 3 h in the same substrate to obtain rapidly 
growing virulent bacteria. The optical density at 620 nm was 
0.30-0.36 extinction units corresponding to about 2 × 10 s cells/ml. 
The bacterial suspension was then diluted 1:4 stepwise with the 
substrate giving inocula ranging from concentrated to 1:256 the 
E. coli O6:K2a,2c:H1 strain and from 1:4 to 1:1024 for the 
E. coli O6:K13:H1 strain, 0.5 ml of each suspension was used to 
infect each mouse intraperitoneally. 
The actively immunized animals were infected using the E. coli 
O6:K2a,2c:H1 strain three or four days after vaccination Sixteen 
animals received the same infective dose, and eight were given 
ampicillin (Astra L~ikemedel AB, S6dertiilje, Sweden) 25 mg/kg 
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Figure 2: Protective effect of rabbit 
antiserum against. E. coli 0 6  anti- 
gen with or without 25 mg/kg body 
weight of ampicillin in in- 
traperitoneally infected mice re- 
corded after 48 h. The antisera 
were diluted as indicated. The re- 
producability in the experiments 
was + 25 %. The symbols are as in 
Figure I. 
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body weight subcutaneously subsequent to the infection which was 
given intraperitoneally. 
The passively immunized animals were given antiserum against 
serotype O6:K13:H1 for studies of the 06 antibodies and against 
serotype O22:K13:H1 for studies of the K13 antibodies. The anti- 
sera were first diluted in saline as shown in Figures 1 and 2 and 
then administered intraperitoneally. After four hours the animals 
were infected intraperitoneally with serotype O6:K2a,2c:H1 for 
studies of 06 antibodies and with serotype O6:KI3:HI for studies 
of K13 antibodies. Sixteen animals per serum dilution received 
each of the bacterial inocuta. All these animals were also con- 
comitantly treated with ampicillin, 25 mg/kg body weight for the 
O6:K2a,2c:H1 bacteria and 10 mg/kg body weight for the 
O6:K13:H1 bacteria. These concentrations of ampicillin were 
established in pilot experiments to give minute protection alone 
against the two different strains. The mortality was recorded after 
28, 48 and 72 h. From 48-72 h no changes could be seen in the 
mortality rate, so the results from the latter time were omitted. 
The results were expressed as LDs0 doses of the controls. The 
synergistic effect of antibodies on the protection by ampicillin was 
calculated as the difference in resistance expressed as LDs0 doses 
compared to controls between the animals both immunized and 
treated wl'th ampicillin and those given single treatment only. 
Antibody determinations: The antibody levels in the sera were 
recorded using the enzyme-linked immunosorbent assay (ELISA) 
originally described by Engvall and Perlmann (6) according to the 
modifications by Ahlstedt ~t al. (7), using specific anti-mouse IgG 
and IgM as well as anti-rabbit IgG and IgM antisera (Nordic labs, 
Tilburg, The Netherlands). The antibody titers were recorded as 
the extinction value (OD405). after 100 minutes of enzyme reaction 
at serum dilution 1:100. 

Results 
Active Immunizat ion 

Active immunization of mice with the E. coli 0 6  antigen 

resulted in enhanced resistance against intraperitoneal in- 

fection with E. colibacteria of the same O group. As shown 

in Table 1 both the immunization and ampicillin treatment 

separately resulted in protection. A combination of im- 

munization and ampicillin treatment increased the resist- 

ance of the mice very little above that seen for ampicillin 

alone. This was verified by repeated experiments. In the 

serum from these mice very little antibodies against the 0 6  

antigen were recorded as could be expected so short time 
after immunization (Table 2). 

Increase of the time periods up to four days between 

immunization and infectious challenge gave different re- 

Table 1: Resistance of mice after immunization with E. coti 
O6:K13:H1 against infection with E. coil O6:K2a,2c:H1 three 
days later expressed as LD50 values compared to untreated 
controls 

Groups Hours after infection 
28 48 

Control 1 0.5 
Ampicillin 32 2.8 
Immunization 19 19 

51 22 

Immunization 4- 
Ampicillin 37 22 

theoretical 
additive effect 

no synergism 

Table 2: E. coti antibody titers after active immunization of mice 
with E. coli O6:K13:H1. The antibody determinations were made 
with the ELISA 

Time after Antibody level 
immunization 

IgG IgM 

3 days neg. 0.20* 
4 days neg. 0.72 

* Optical density at 405 nm after 100 min of enzymatic reaction 
obtained with serum dilution 1:100. Background levels at 0.10 
extinction units. 

Table 3: Resistance of mice after immunization with E. coli 
O6:K13:H1 against infection with E. coli O6:K2a,2c:H1 four 
days later expressed as LDs0 values compared to untreated 
controls 

Groups Hours after infection 
28 48 

Control 1 0.5 
Ampicillin 6 1 
Immunization 3 2 

9 3 theoretical 
additive effect 

Immunization 4- 
Ampiciilin 12 6 weak synergism 

suits. After this period a slightly potentiated resistance was 

found with the combination of immunization and ampicillin 

treatment as compared to that of mono therapy (Table 3) 

indicating synergy. In addition antibody production could 

be demonstrated in this experiment (Table 2). 

Passive Immunizat ion 

Injections of antibodies directed against the 0 6  antigen of 

the infecting strain also protected the animals. The combi- 

nation of antiserum and ampicillin treatment potentiated 

the protection as compared to that seen for treatment with 

antiserum or ampicillin alone. This was found for all four 

sera analysed, indicating synergy between antibodies and 

the antibiotic. However, the effect was less accentuated 

after 48 h as compared to 28 h (Figures 1 and 2). The 

dilutions of antisera to be used were determined in pilot 

experiments. The antibody titers in the sera are shown in 

Table 4. No obvious relation could be found between 

protection or synergistic effects as compared to the anti- 
body titer demonstrated. 

Passive administration of antibodies directed against the 
K13 antigen of the infecting strain resulted in protection 

for all three sera analysed. However, a synergistic effect of 

antibodies on the protective effect with ampicillin was only 
seen for one (no. 6) out of the three sera tested (Figures 3 
and 4). The antibody titers in the sera are shown in Table 4. 
These did not explain why only serum (no. 6) gave synergy 
and not the others. 
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Figure 3: Protective effect of rabbit antiserum against. E. coil K13 
antigen with or without 10 mg/kg body weight of ampicillin in 
intraperitoneally infected mice recorded after 28 h. The antisera 
were diluted as indicated. The reproducability in the experiments 
was +__ 25 %. The symbols are as in Figure 1. 

Discuss ion 

Recently a number of studies have been reported dealing 
with a possible combined effect of antibacterial agents and 
the host defence against infections. Some antimicrobial 
drugs may have a negative (8, 9, 10) and others a positive 
(1, 2, 11) effect on the defence against an infection. 
In the present study we have shown some synergy between 
ampicillin and antibodies particularly against E. cell soma- 
tic (O) but also against the capsular (K) virulence antigens. 
These findings are in agreement with recent observations 
showing synergy between antibodies against the endotoxin 
of P. aeruginosa and gentamicin in the protection of ira- 

Table 4: Antibody titers in rabbit antisera used for passive im- 
munization. The antibody determinations were made with the 
ELISA 

Rabbit No. Antibody level against 
O6 K13 

IgM IgC IgM IgC 

1 
2 
3 
4 
5 
6 
7 

0.50* 0.10 
0.58 0.15 
0.80 0.55 
0.88 0.74 

0.23** 0.34 
0.21 0.20 
0.20 0.76 

* Optical density at 405 nm after 100 min enzyme reaction 
obtained with serum dilution 1:100. Background levels at 0.05 
extinction units. 

** Background levels at 0.01 extinction units. 
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Figure 4: Protective effect of rabbit antiserum against E. cell K 13 
antigen with or without 10 mg/kg bodyweight of ampicillin in 
intraperitoneally infected mice recorded after 48 h. The antisera 
were diluted as indicated. The reproducability in the experiments 
was _+ 25 %. The symbols are as in Figure 1. 

munologically compromised mice (1) and also with results 
showing synergy between immunoglobulin and dibekacin 
in experimentally infected mice (2). 
The mechanisms for such synergistic effects are not obvi- 
ous. Ampicillin is a bactericidal drug interfering with the 
cellwall synthesis. Bactericidal antibodies against the 
E. cell 0 antigen have previously been shown (12). Such 
antibodies and ampicillin may function synergistically. 
Haranaka et al. (1) showed, however, that (Fab)2 frag- 
ments, which scareely possess bactericidal activity also 
acted synergistically with gentamicin. 
The occurrence of bactericidal antibodies against the 
E. cell K antigen is still controversial (12). The antibody 
response against the K antigens shows much individual 
variation. A similar individual variation might explain why 
only one antiserum out of three gave synergistic protection 
with ampicillin in spite of good protective activity of all the 
antisera. The E. cell K antibodies have been shown to 
promote phagocytosis (13). I t  seems very unlikely, how- 
ever, that such a mechanism could explain the observed 
synergy. Furthermore, activation of macrophages by im- 
munization following early infection when very few specific 
antibodies had been formed gave no synergistic effect on 
the protection although this resulted in increased resistance 
per se, with the doses employed in this study. However, 
preliminary data suggest a potentiated effect when the dose 
for stimulation as well as the infecting dose are increased 
10-fold. 
In conclusion, antibodies against the E. cell 0 antigens in 
particular but also against the K antigens may act synergis- 
tically with ampicillin thereby increasing its protective ef- 
fects. This may have an important consequence in that cure 
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rates  will be  lower  for  those  pa t ien ts  who  have  some kind of 

dysfunct ion in the i r  i m m u n e  defence  mechan i sms  against  a 

par t icular  o rganism following admin i s t ra t ion  of cer ta in  

an t ibac ter ia l  agents.  I t  also implies tha t  the  effect  of a 

cer ta in  drug against  a cer ta in  o rgan ism should  be tes ted  in 

vivo and  tha t  in vi t ro test ings may not  be  sufficient.  The  

mechan i sm for the  descr ibed  synergy may  be  med ia t ed  by 

bacter ic idal  effects of the  ant ibodies ,  which are more  ac- 

c en tua t ed  for the  O an t ibodies  t han  for the  K ant ibodies .  In 

con t ras t  m o d e r a t e  s t imula t ion  of  the  m ac r ophages  shows 

no  such synergist ic  effect. Add i t iona l  so far unexp la ined  

i m m u n e  fac tors  must ,  however ,  also be  t a k e n  in to  account ,  
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Discussion 

Alattie: The thigh muscle infection model we described was also 
used for studies of host factors and, during the years, we noticed 
that the slope of the dose effect response changed a little, indicat- 
ing that even in this inbred strain of SPF-mice some host factors 
had changed. So in studies of synergism between host factors and 
antibiotics it is very important to use a well-defined range. 

~4hlstedt: We had to reduce the ampicillin doses otherwise we 
could not see any synergistic effect at all. 

Sabath: What was the variation in LD5 ° that you would find with 
ampicillin? I noticed that some of your changes, where yon showed 

synergy, might have been twofold, and I wonder if some of them 
might be explanable as experimental variation? 

Ahlstedt: Only with the anti-K serum No. 7 in Figures 3 and 4. 
Otherwise we calculated the usual experimental variation to be + 
25%. 

Allison: In relation to children with absent opsonization, more or 
less constant antibiotic cover is needed to prevent infection. When 
these children are treated with whole serum, rather than immune 
serum globulin, antiMotic cover can be withdrawn altogether and 
the time needed for treating occasional infections is also reduced. 
Thus serum factors can prevent most infections and work in 
synergy with antibiotics to resolve any infections that do occur. 
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