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ABSTRACT 

Treatment  of  typhoid fever with 
furazolidone produces a high cure rate. This is a 
clinical curiosity, as furazolidone is described to 
be poorly absorbed. The present study examined 
whether furazolidone could produce unequivocal 
clinical response and, if so whether this was due 
to the drug producing bactericidal levels in the 
serum. Twenty one patients selected by defined 
criteria were treated with furazolidone and eval-
uated for definite clinical response in 5-7 days. 
Bactericidal activity of pre, dose and post dose 
sera were estimated in seven patients showing 
definite clinical response. All the seven patients 
had a clinical cure without the drug producing 
significant bactericidal levels in the blood. Hence 
we concluded that the major site of action of 
furazolidone was in the intestine. It is our postu-
late that the organisms reaching the intestine in 
large numbers from bile are prevented from 
gaining re-entry into the circulation by the ac-
tion of furazolidone in the intestine. After re 
peated cycles of entry of organisms into the in 
testine from bile and the simultaneous preven- 
tion of its re-entry into the circulation, the num- 
 ber of organisms remaining in circulation comes 
down considerably, thus helping the immune 
system to bring about a cure. 
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■ 

Clinical efficacy of furazolidone in 
typhoid fever has been reported by 
many authors from different parts of 
India both in adults and children. A 
review of* literature reveals that 
furazolidone achieves negligible serum 
levels after oral administration. The re-
ported serum level of the drug is in the 
range of 1.5 µg/ml or less(l) while the 
minimum inhibitory concentration of 
furazolidone for Salmonella typhi is 2-5 
µg/ml(2). A controversy has been on for 
quite some time with some authors sug-
gesting that furazolidone should not be 
used in typhoid fever because of its 
poor serum levels while others favor its 
use because of good clinical response. 
The present study was aimed at looking 
into this controversy. The study was de-
signed to find out whether patients with 
typhoid fever could respond unequivo-
cally to furazolidone and if so whether 
this response was due to the drug pro-
ducing bactericidal effect at these serum 
levels. 

Material and Methods 

All patients admitted to the Pediatric 
Wards of Medical College, Thiruvanan-
thapuram in the year 1992 with clinical 
diagnosis of typhoid fever by standard 
cr i ter ia  were s tar ted on oral  
furazolidone 15 mg/kg/day in four di-
vided doses immediately after drawing 
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blood for clot culture. We then excluded 
all patients whose clot culture failed to 
yield Salmonella typhi sensitive to 
furazolidone (by Stokes diffusion method 
using standard Escherichia coli, NCTC 
10418 as control to avoid technical 
error)(3,4)- Also excluded were patients 
whose blood culture yielded organisms 
sensitive to any of the antibiotics the 
child was receiving from local hospitals. 
This was done to avoid the previous 
treatment interfering with the assessment 
of furazolidone as a single agent 
producing the clinical response. For the 
purpose of our study we accepted 
patients as having responded to 
furazolidone only if they were afebrile 
within 5 days or had substantial reduc-
tion of temperature within 5 days and 
went on to become afebrile within 7 
days. Since we started treatment imme-
diately following withdrawal of blood 
for culture, our criteria for response 
meant that those who had responded 
did so within 5-7 days of having yielded a 
positive clot culture. This quick  
response cannot be a "natural cure" 
described in pre-antibiotic era where the 
disease pursues a prolonged course 
with a slow resolution of signs and 
symptoms and the fever decreases slowly 
by "lysis"(5). Hence, it should be 
considered that the drug was effective 
in patients responding to our treatment 
protocol. Those who responded were 
continued on furazolidone for a total 
period of 14 days. They were followed 
up for two weeks after the completion of 
treatment for evidence of clinical relapse. 
Those who had clinical evidence of 
relapse had their blood culture 
repeated to confirm this. 

Serum bactericidal assays were done 
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after the patient had been on 
furazolidone for at least 48 hours. Two 
serum samples were taken—one just pri-
or to the next dose of furazolidone 
("pre-dose") and the other VA hours af-
ter a dose of furazolidone ("post-dose"). 
Doubling dilutions of the sera were in-
cubated over night at 37°C with the 
broth culture of Salmonella typhi isolated 
from the very same patient. The tube 
with the greatest dilution showing no 
turbidity (no growth) was taken as the 
bactericidal level (expressed as bacteri-
cidal up to that particular dilution). 
Contents from this tube were sub-
cultured to ensure maximum inhibition. 

Undiluted serum was not subjected 
to the testing for bactericidal activity 
since even without any drugs serum has 
the ability to inhibit the growth of enter-
ic organisms(6,7). It is to get rid of this 
inhibitory effect of serum that clot 
culture is done in preference to Wood 
culture in typhoid fever. 

In the estimation of serum bacteri-
cidal activity the inhibition of growth of 
Salmonella typhi obtained is the com-
bined effect of the drug and the body's 
immune mechanisms like antibody, 
complement, etc. Since immunological 
factors are available both in the pre dose 
and the post dose sera, any enhanced 
bactericidal action of post dose serum 
must be due to the drug. This is the ba-
sis of selecting serum bactericidal assay 
as the method for assessing the drug 
effect in vivo. 

As per our criteria for patient selec-
tion, we excluded patients who had 
been on antibiotics from local hospitals, 
to which the organisms isolated subse-
quently were shown to be sensitive. 
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Because of this exclusion criteria all 
patients who were selected for trial 
with furazolidone turned out to have 
multidrug resistant typhoid fever 
(MDRTF). MDRTF patients not re-
sponding to furazolidone were individ-
ualized to receive treatment with vari-
ous drugs singly or in combination de-
pending on sensitivity and cost of thera-
py but with emphasis on avoiding po-
tentially toxic drugs like ciprofloxacin. 
Hence, we did not have a group of chil-
dren with MDRTF uniformly receiving 
the same drug for comparison with the 
data on furazolidone. However, to 
avoid methodological errors and to 
have an idea of the bactericidal levels 
achieved by an established therapeuti-
cally effective drug, we performed bac-
tericidal assay of pre dose and post dose 
sera of adult patients with MDRTF re-
sponding to oral ciprofloxacin 500 mg 
twice daily. The patient selection and 
the criteria for response were the same 
for our study group and the group of 
adult patients. 

Results 

The study group consisted of 21 
patients with clot culture yielding 
Salmonella typhi sensitive to 
furazolidone but resistant to 
chloramphenicol, ampicillin and co-
trimoxazole (MDRTF). The average 
duration of fever on admission varied 
from 9 days to 20 days. All the 21 
patients were treated with furazolidone 
and they tolerated it very well without  
significant vomiting. On 2 occasions 
when the patient vomited within 1 
hour of ingestion of furazolidone, the 
dose was repeated. None required 
antiemetic therapy. 
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Of the 21 patients 7 (33%) became 
afebrile within 7 days (3 within 5 days 
and 4 within 7 days) and remained re-
lapse free. Estimation of bactericidal 
levels were done in these 7 patients us-
ing pre dose and post dose sera. The re-
sults showed that after furazolidone, the 
serum was not bactericidal at more than 
1/2 dilution (Table I). It also showed the 
lack of significant difference of bacteri-
cidal levels between the pre dose and 
the post dose sera. 

No meaningful correlation could be 
established between the duration of 
fever on admission and the response to 
treatment. Patients who did not respond 
to furazolidone therapy were put on 
alternative regimens and all of them 
made uneventful recovery. 

A group, of nine adult patients with 
MDRTF becoming afebrile within 5-7 
days of treatment with ciprofloxacin 
were selected for comparison. Serum 
bactericidal levels of post dose serum 
was significantly higher than that of pre 
dose serum in these patients (Table II). 
Serum was bactericidal upto 1/64 
dilutions in 7 out of 9 patients. 

TABLE I -Assay of Bactericidal Activity of 
Serial Dilutions of Pre dose and Post 
dose Sera of Seven Patients Re-
sponding to Furazolidone Therapy 

Serum bactericidal levels         No. of 
------------------------------        patients 
Pre dose Post dose         (n=7) 

Not bactericidal    Not bactericidal 
at 1/2dilution at 1/2 dilution 5 

Not bactericidal      Bactericidal at 
at 1/2 dilution 1/2 dilution 2 
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TABLE II- Assay of Serial Dilutions of Pre 
dose and Post dose Sera of Nine 
Adult Patients with MDRTF 
Responding to Oral Ciprqfloxacin 

Serum bactericidal levels No. of 
--------------------------------        patients 
Pre dose Post dose         (n=9) 

1/8 dilution 1/32 dilution 2 
1/16 dilution 1/64dilution         7 

Discussion 

Since all patients had organisms sen-
sitive to furazolidone in vitro, an en-
hanced bactericidal activity after a dose 
of furazolidone was expected in those 
who responded. Instead our study 
showed that the serum bactericidal ac-
tivity after a dose of furazolidone did 
not differ appreciably from that before 
the dose (even though we had used a 
higher dose than is used generally)(8-
11). This confirms that furazolidone 
achieves poor blood levels. The metabo-
lites of furazolidone thai are absorbed 
are not bactericidal. Hence for clinical 
purposes, furazolidone is a non-absorb-
able drug. 

Serum should be bactericidal at V4 to  
1/8 dilutions or more to have good cor-
relation with clinical response(3,12). 
Thus the bactericidal action demonstrat-
ed at 1/2 dilution in 2 cases on fura-
zolidone is below the generally accepted 
levels for clinical response. This be-
comes very obvious when we compare 
this with the result of adult patients 
treated with ciprofloxacin where serum 
even after 1/64 dilution was still bacte-
ricidal. Hence, we conclude that 
furazolidone does not achieve signifi- 
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cant bactericidal levels in the serum. 
This is consistent with the literature 
showing insignificant serum levels after 
oral furazolidone(2). Inspite of this, and 
even after using rigid criteria for 
response, we could demonstrate un-
equivocal response without relapse in 
33% of our MDRTF patients. Many au-
thors using furazolidone have reported 
a therapeutic success in excess of 
80%(8,10,ll) using more liberal criteria 
for patient selection and response. 
Hence we assume that furazolidone 
brings about a cure in typhoid fever by 
its action locally in the intestine. 

That furazolidone has a good local 
action in the intestinal tract, is shown by 
the excellent response obtained in 
giardiasis and various bacterial diarrhe-
as like E. coli, Shigella, Cholera, etc.(\3). 
Escherichia coli, Klebsiella and Staphylo-
cocci -hive in vitro sensitivity to 
furazolidone(2) but when used to treat 
systemic infections due to these organ-
isms, furazolidone is ineffective. This is 
in concordance with our results show-
ing an insignificant bactericidal activity 
in the blood. 

It was suggested that during second-
ary bacteremia in typhoid fever, the 
main traffic of organisms is from blood 
to intestinal tract(7). This is supported 
by the fact that from the second week 
onwards, blood culture becomes in-
creasingly negative while stool culture 
is more often positive. It seems that 
typhoid bacilli preferentially come out 
into the intestine in large numbers to 
overcome the inhibitory effect of normal 
flora thus enabling it to be passed out in 
stool and infect others. Thus the intesti-
nal tract appears to be a major area of 
traffic of typhoid bacilli from where part 
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f of if: re enters the circulation. In our 
opinion this entero-systemic re-entry is 
the major route of supply of organisms 
into the circulation. Cultures taken at 
autopsy give almost pure cultures of 
Salmonella typhi in the upper intestine 
while lower down bacilli becomes less 
numerous(7). This at least partly must 
be due to the entero-systemic re-entry. 

Reviewing the literature on the use 
of furazolidone in typhoid fever, we 
have found that the majority of the 
patients in these studies were Widal 
positive but culture negative cases^, 
10,11). We believe that culture negative 
patients continue to be febrile because 
of the entero-systemic re-entry of the 
organisms. Hence when a drug like 
furazolidone which acts in the intestinal 
tract blocks this entero systemic re-
entry, the supply of organisms to the 
circulation is cut off and the patient 
responds. When the blood culture is 
negative, the number of organisms, 
remaining in circulation must be small 
enough for the body's immune mecha-
nisms to tackle. This may be the reason 
for the excellent response reported by 
these authors. 

Our study and some other published 
studies(9) have shown that there are a 
proportion of cases which are blood cul-
ture positive and still respond to 
furazolidone. Possibly the organisms go 
on entering the intestine in plenty but 
their re-entry back into the circulation is 
prevented by furazolidone. After a few 
Y such cycles the system is depleted of 
organisms, thus helping the immune 
mechanisms (especially the cell mediat-
ed immunity) to bring about a cure. 
However,  since we have established 
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that furazolidone has got no significant 
action in the blood, we consider it un-
wise to use it as a single drug in the 
treatment of cases with positive blood 
cultures. 

The fact that furazolidone tackles 
Salmonella typhi effectively in the intes-
tine and that a proportion of patients 
have been cured by this local action 
alone raises an interesting possibility of 
combining this drug along with a sys-
temically active drug in the treatment 
of typhoid fever. Whether this can have 
an additional benefit as compared to 
monotherapy with a systemically active 
drug needs to be looked into. 

Our study has identified the intesti-
nal tract as an important site to tackle 
the organisms as far as the treatment of 
typhoid fever is concerned. So whether 
a drug administered orally has advan-
tage over, its parenteral use is another 
area of interest. In situations where oral 
preparations are not generally available 
as in the case of third generation cepha-
losporins, there is a theoretical advan-
tage of using drugs like cefoperazone or 
ceftriaxone which achieve higher con-
centrations in the intestine due to their 
excretion in bile. Reports have already 
appeared showing that cefoperazone 
produces significantly better clinical 
response as compared to cefotaxime(5). 

In conclusion we arrive at the postu-
late that the blocking of entero systemic 
re-entry is the main mechanism of ac-
tion of furazolidone in typhoid fever. 
Although furazolidone does not pro-
duce bactericidal levels in the blood it 
can cure a proportion of patients with 
typhoid fever by its local action in the 
intestine. This can explain most of the 
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controversies existing in the field of 
treatment of typhoid fever with 
furazolidone. 
Acknowledgement 

We thank M/s ESKAYEF Ltd. for 
the supply of pure powder of furazoli-
done for the purpose of the study. 
REFERENCES 

1. White AH. Absorption, distribution, 
metabolism      and      excretion      of 
furazolidone. A Review of Literature. 
Scand J Gastroenterol 1989, 24 (Suppl 
169): 4-10. 

2. Rogers   GS,   Belloff "GB,   Paul   MF, 
Yurchenco JA, Gever G. Furazolidone: 
A new antimicrobial nitrofuran- A re-
view of laboratory and clinical data. 
Antibiot Chemother 1956, 6: 231-241. 

3. Holt A, Brown D. Antimicrobial sus-
ceptibility      testing.      In:      Medical 
Bacteriology—A   Practical   Approach, 
1st edn. Eds Hawkey PM, Lewis DA. 
Oxford, IRL Press, 1989, pp 167-193. 

4. Stokes I, Ridgway GL. Clinical Bacteri-
ology,   5th   edn.   London,    Edward 
Arnold, 1980, pp 205-215. 

5. Hook EW. Salmonella species (includ-
ing typhoid fever). In: Principles and 
Practice  of  Infectious   Diseases,  3rd 
edn. Eds Mandell, Douglas, Bennett, 
New   York,    Churchill   Livingstone, 
1990, pp 1701-1713. 

6. Christie   AB.    Infectious    Diseases- 
Epidemiology and  Clinical  Practice, 

538 

FURAZOLIDONE IN TYPHOID FEVER 

3rd     edn.     Edinburgh,     Churchill 
Livingstone, 1980, pp 47-102. 

7. Parker  MT.   Enteric   infections:   Ty 
phoid   and   paratyphoid   fever.   In: 
Topley and Wilson's Principles of Bac-
teriology, Virology and Immunology, 
Vol. 3, 7th edn. Eds Wilson G, Miles A, 
Parker MT. London, Edward Arnold, 
1984, pp 407-415. 

8. Punjani MK, Anand JS. A comparative 
study     of     chloramphenicol     and 
furazolidone in the treatment of ty-
phoid fever in children. Indian Pediatr 
1978,15: 769-776. 

9. Mahapatra GB, Broacha ER, Toprani 
HT. Enteric fevers in children-A pro-
spective study on comparative evalua-
tion of three drugs (chloramphenicol, 
furazolidone    and     co-trimoxazole). 
Indian Pediatr 1979,16: 259-265. 

 

10. Ananthasubramanian   P,   Sundaram 
VM," Sundaravalli N, Raju VB, Moses 
LG. Drug trial in enteric fever with 
furazolidone. Indian Pediatr 1975, 12: 
247-253. 

11. Bopaiah PC, Kasturi AV. Clinical trial 
of furazolidone in children with enter- 
ic fever. Indian Pediatr 1971, 8: 394- 
397. 

12. Carrod LP, Lambert HP, O'Crady F. 
Antibiotic and chemotherapy, 5th edn. 
London, Churchill Livingstone, 1981, 
pp 502-503. 

13. Phillips KF,  Hailey FJ.  The use of 
furazolidone: A perspective. J Int Med 
Res 1986,14:19-29. 

 


