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iprofloxacin versus Ceftriaxone in the Treatment of  
ultlresistant Typhoid Fever 

M.R. Wallace1,2*, A .A.  Yousif  2, G .A .  M a h r o o s  2, T. Ma p e s  3, E.J.  Thre l fa l l  4, B. R o w e  4, 
K.C. H y a m s  5 

A randomized trial comparing ceftriaxone (3 g given parenterally per day for 7 days) 
to ciprofloxacin (500 mg given orally twice a day for 7 days) in the treatment of blood 
culture positive typhoid fever was conducted. Twenty patients were openly ran- 
domized to receive ciprofloxacin and 22 to receive ceftriaxone. The outcome was clas- 
sified as clinical failure in 6 patients (27 %) in the ceftriaxone group, but in none in the 
ciprofloxacin group (p = 0.01). The mean duration of fever was four days in the 
ciprofloxacin group and about five days in the ceftriaxone group (p = 0.04). In the six 
patients in the ceftriaxone group who experienced failure, therapy was switched to 
ciprofloxacin and the patients became afebrile and asymptomatic within 48 hours. 
Patients with resistant strains of Salmonella typhi and patients with sensitive strains 
responded equally well to ciprofloxacin therapy. Analysis of a subset of 12 of the mul- 
tiresistant strains revealed that resistance was encoded for by a transferable 180 
kilobase plasmid. Ciprofloxacin represents a useful treatment option in areas where 
multiresistant strains are likely to be encountered. 

Typhoid fever is traditionally treated with a two- 
Week course of either chloramphenicol,  cotri- 
rnoxazole or ampicillin/amoxiciilin. Despite minor 
differences in toxicity, duration of fever, carriage 
and relapse rate, these agents are roughly equal in 
clinical efficacy (1). Resistance to these agents 
has occurred sporadically over  the past two de- 
Cades in a variety of  locations (1,2), but beginning 
in 1989, Salmonella typhi strains resistant to all 
three standard antimicrobial agents have been re- 
ported with alarming frequency from locations as 
diverse as the Indian subcontinent,  the Arabian 
(Persian) Gulf, the UK and China (1-4). These 
multiresistant strains are fully pathogenic, often 
Causing illness more severe than that due to sensi- 
tive strains (5). 

Treatment  of typhoid caused by multiresistant 
Salmonella typhi strains is not standardized. Both 
third-generation cephalosporins (particularly cef- 
triaxone) and the new fluoroquinolones have 
been used with some success (1, 2), but no study 
has yet been published which makes a direct com- 
parison of these two classes of antibiotics in the 
therapy of typhoid fever. In response to the rapid 
dissemination of multiresistant Salmonella typhi 
in Bahrain (4), we initiated a trial comparing oral 
ciprofloxacin with parenteral  ceftr iaxone for the 
treatment of typhoid fever. We also investigated 
the nature of antibiotic resistance in selected mul- 
tiresistant Salmonella typhi recently introduced 
into the Arabian Gulf  area. 
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Patients and Methods 

Patients. Adult patients were eligible for enrollment in 
the study if they had blood culture positive, acute Sal- 
monella typhi infection. Patients with only a positive 
Widal test and/or a positive stool culture were not 
eligible. Other exclusion criteria were age less than 16 
years, inability to take oral medication, possible or pro- 
ven pregnancy and lack of fever at the time of admission. 
Treatment at~tt Zssessmem. Informed consent was ob- 
tained from all subjects. Once enrolled, patients were 
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randomized to receive ciprofloxacin 500 mg orally twice 
a day or ceftriaxone 3 g intravenously once a day for 
seven days. A complete history was documented and 
physical examination performed in all patients at study 
entry; all subjects were hospitalized for the duration of 
their illness. "l\vo blood cultures were obtained on the 
day of study entry and again three days later. If patients 
were still febrile or symptomatic after the initial seven- 
day course of therapy repeat blood cultures were per- 
formed at that time. Stool samples were obtained for 
culture on days 1, 7, and 28. Admission laboratory in- 
vestigations included a complete blood count, a Widal 
test, determination of serum sodium and creatinine 
levels, and a chest radiograph. Patients were evaluated 
three times daily, and the temperature, pulse and blood 
pressure recorded. The daily clinical evaluation and ex- 
amination were directed toward detecting complications, 
defined as gastrointestinal bleeding, peritonitis, shock or 
deteriorating mental status. 

Outcome Definitions. In patients who remained febrile 
(> 38 *C) after seven days of therapy or who deteriorated 
clinically after five full days of therapy the outcome was 
classified as failure. Such cases were allocated to receive 
the other study antibiotic, blood cultures being repeated 
prior to administration of the alternative antibiotic. The 
outcome was classified as success if a patient was afebrile 
and asymptomatic on or before day 7 and did not require 
additional therapy during two months of follow-up. A 
relapse was defined as readmission for" typhoid within 
two months of discharge with a stool or blood culture 
positive for Sabnonella typhi possessing the same an- 
tibiogram as the initial isolate. 

Antimicrobial Susceptibifity Testing. All Salmonella typhi 
isolates were tested for resistance to ampicillin, chloram- 
phenicol, cotrimoxazole, ciprofloxacin and eeftriaxone 
using the Kirby-Bauer technique. A subset of 12 multi- 
resistant strains was further" studied at the Central Public 
Health Laboratory, London, UK. These isolates were 
phage typed by the methods of Craigie and Felix (6) and 
again tested for resistance to antibacterial drugs by the 
methods of Anderson and ThreIfall (7) and Ward et al. 
(8). Drugs tested included chloramphenicol, ampicillin, 
trimethoprim, nalidixic acid and ciprofloxacin, Sensitive 
strains were included as controls in these tests. 

Resistance Transfer Studies and Plasmid Analysis. The 
12 drug-resistant strains evaluated in the UK were tested 
for their ability to transfer resistance at 28 °C and 37 °C 
to a standard nalidixic acid-resistant strain of Escherichia 
coil K12 F'lac ÷ (= 14R525). Counter-selection was exer- 
cised with nalidixic acid (40 mg/l) and resistance plasmids 
were tested for incompatibility with standard ptasmids 
of defined incompatibility groups. Plasmid DNA was ex- 
tracted by the method of Kado and Liu (9) and molecular 
weights (MWs) determined in relation to standard plas- 
mids of 180, 147, 63, 36, and 6.9 kilobases (kb) carried 
in laboratory strains of Escherichia coil K12. 

Statistical Analysis. Comparisons of proportions were 
done using the %2 test with Yate's correction or the 
Fisher's exact test. Mean values (reported with ± 1 SD) 
were compared using the Mann-Whitney test. Signifi- 
cance was set at the 0.05 level. 

Results 

Patients and Bacterial Strains: A to ta l  o f  43 
pa t i en t s  me t  the  s tudy  e n t r y  cr i te r ia .  O n e  pa t i en t  
was s u b s e q u e n t l y  e x c l u d e d  when  he  p r o v e d  to 
have  ac t ive  t u b e r c u l o s i s  in a d d i t i o n  to  Salmonella 
typhi b a c t e r e m i a  a n d  fa i led  to  b e c o m e  a feb r i l e  
a f te r  m o r e  than  two  w e e k s  o f  t h e r a p y  wi th  bo th  
c ip ro f loxac in  and  c e f t r i a xone .  O f  42 e v a l u a b l e  
pa t i en t s ,  20 we re  r a n d o m i z e d  to  r ece ive  c ipro-  
f loxacin  and  22 to  r ece ive  ce f t r i axone .  T h e r e  were  
no s igni f icant  d i f f e r ences  when  the  t r e a t m e n t  
g roups  we re  c o m p a r e d  by  age ,  d u r a t i o n  of  fever  
p r io r  to  admiss ion ,  p r e v a l e n c e  o f  mu l t i r e s i s t an t  
s t rains ,  whi te  b l o o d  cell  coun t ,  s e r u m  s o d i u m  
level ,  h e m a t o c r i t ,  o r  p r o p o r t i o n  o f  p a t i e n t s  wi th  
d i a r rhea ,  cons t ipa t ion ,  s p l e n o m e g a l y  o r  occul t  
b l o o d  in the  s tool  (Tab le  1). A l l  Salmonella typhi 
i so la tes  were  sens i t ive  to bo th  c e f t r i a x o n e  and  
c ip ro f loxac in  when  t e s ted  by the  K i r b y - B a u e r  
t echn ique .  Tr i r e s i s t an t  s t ra ins  were  de f i ne d  as 
those  r e s i s t an t  to  c o t r i m o x a z o l e ,  ampic i t l i n  and  
c h l o r a m p h e n i c o l ,  w h e r e a s  sens i t ive  s t ra ins  were  
sens i t ive  to  all t h r e e  an t ib io t i cs .  N o  i so la te  had  an 
i n t e r m e d i a t e  p a t t e r n  o f  sensi t ivi ty.  

Outcome o f  Therapy. T h e r e  were  no cases  of  cl ini-  
cal fa i lure  in the  c ip ro f loxac in  g roup ,  w h e r e a s  
the re  were  six cases  of  fa i lu re  in the  ce f t r i axone  
g r o u p  (p = 0.01). Al l  c i p ro f loxac in  p a t i e n t s  were  
a s y m p t o m a t i c  and  a feb r i t e  by  day  6 ( m e a n :  4 days  
o f  fever) .  T h e  c e f t r i a x o n e  g r o u p  r e q u i r e d  a signi-  
f icant ly  l o n g e r  t ime  for  r e so lu t i on  o f  f eve r  (mean :  
a b o u t  5 days ,  p = 0.04). F ive  o f  t he  six cases  of  
fa i lu re  in the  c e f t r i a x o n e  g r o u p  were  thus  clas-  
sified be c a use  o f  pe r s i s t en t  f eve r  a f t e r  a full seven  
days  of  t he rapy ;  the  sixth p a t i e n t  had  feve r  and  

Table 1: Comparison of the two treatment groups at study 
entry. 

Cipro- Ceftri- 
floxacin axone 
(n = 20) (n = 22) 

Mean age (years) 26.8 28.2 
Mean duration of fever 
prior to admission (days) 9,7 10.2 

Triresistant strain (%) 55 50 
Mean leukocyte count (x 109/1) 6.715 7.818 
Mean hematocrit (%) 38.6 39.1 
Mean serum sodium level 
(mmol/l) 131 131 

Stool with occult blood (%) 32 30 
Diarrhea (%) 60 59 
Constipation (%) 10 14 
Splcnomcgaly (%) 10 18 
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persistent severe neuropsychiatric symptoms on 
day 6 of ceftriaxone therapy and was deemed a 
case of clinical failure by the investigators (Table 
2). 

All six cases of failure in the ceftriaxone group 
Were subsequently allocated to receive ciproflo- 
xacin therapy. These six patients were afebrile 
and asymptomatic within 48 hours, and all 
patients had an uneventful recovery while com- 
pleting a one-week course of ciprofloxacin. 

Blood cultures were done on day 3 of initial 
therapy in all 42 study patients and on day 8 in the 
six patients receiving ciprofloxacin after failure of 
ceftriaxone; all cultures were negative. 

One patient in the ceftriaxone group experienced 
relapse four weeks after therapy, both blood and 
Stool cultures being positive for a SalmoneUa 
typhi strain with the same antibiogram as the ini- 
tial isolate. One patient in the ciprofloxacin group 
was readmitted with fever eight weeks after dis- 
charge. This patient's stool grew a sensitive Sal- 
monella typhi; however, her prior isolate was 
triresistant and infection was attributed to rein- 
fection rather than relapse. All other patients had 
negative stool cultures four weeks after therapy 
and did not relapse within a two-month follow-up 
period. 

The study was terminated when the clinicians in- 
Volved in the study felt that it was no longer ethi- 
cal to randomize patients to receive ceftriaxone, 
given the higher cost, need for intravenous access 
and lower efficacy of this regimen. 

Phage Types and Drug Resistance. Seven of the 12 
randomly selected strains belonged to Vi-phage 
type El ,  three to type M1, one to type A, and one 
to type 51. All these strains were resistant to 
chloramphenicol, ampicillin and trimethoprim, 
but were sensitive to ceftriaxone, nalidixic acid 
and ciprofloxacin. The complete spectrum of 
resistance was transferable at 28 °C but not at 37 °C. 
In all cases, the spectrum of resistance was en- 

Table 2: Outcome of therapy in the two treatment groups. 

Cipro- Ceftriaxone P value 
floxacin (n = 22) 
(n=20) 

Clinical failure 0/20 6/22 0.01 
Relapse 0 1 NS 
Days to resolution 
of fever (mean) 4.0 5.2 0.04 

NS: not significant. 

coded for by plasmids of approximately 180 kb, 
belonging to incompatibility (Inc) group H1. All 
12 of the strains were isolated from patients who 
had recently arrived in Bahrain from the Indian 
subcontinent. 

Discussion 

In this study, ciprofloxacin given orally produced 
more rapid and reliable resolution of fever than 
parenteral ceftriaxone. Prolonged fever in ceftri- 
axone treated typhoid patients has been observed 
in other studies (10, 11) and may reflect the rela- 
tively poor intracellular penetration of cephalo- 
sporins. Ciprofloxacin, with its excellent intracel- 
lular penetration, has been almost uniformly suc- 
cessful in the treatment of typhoid caused by both 
sensitive and resistant Salmonella typhi isolates 
(1, 12, 13). The short course (7 days) of cipro- 
floxacin used in our study was efficacious and not 
associated with a high rate of stool carriage or 
relapse, thus having significant advantages com- 
pared to the longer two-week course of tradition- 
al agents. Because of these advantages, cipro- 
floxacin has recently been advocated in the UK as 
the drug of choice for treatment of typhoid in 
patients with a high pretreatment likelihood of in- 
fection with strains resistant to traditional agents 
(14). Despite its advantages, ciprofloxacin does 
have appreciable drawbacks. Its use in children 
and pregnancy is controversial due to concern 
about possible cartilage injury. While much less 
expensive than ceftriaxone, ciprofloxacin is still 
more expensive than oral drugs of choice used in 
the past. Although touted as a drug for treatment 
of typhoid carriers (15), its failure to reliably 
eliminate stool carriage in a recent outbreak of 
Salmonella java is also disquieting (16). Most dis- 
concerting of all is a report from India of decreas- 
ing susceptibility of Salmonella typhi to cipro- 
floxacin and the need for higher doses (1.5 g/day) 
to achieve a cure (17). In spite of these potential 
problems, on the basis of the findings of this study, 
oral ciprofloxacin (500 mg orally b.i.d.) can be 
recommended for the initial therapy of typhoid in 
areas where resistant strains are responsible for a 
sizeable proportion of cases of typhoid fever. It is 
an effective oral drug which can cure typhoid in a 
one-week course of therapy. The rapid spread of 
multiresistant typhoid fever over large geo- 
graphic areas presents multiple challenges, espe- 
cially in less developed countries where access to 
newer and more expensive antimicrobial agents 
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may be limited. Fur ther  research efforts must 
continue to focus on oral agents with good in- 
tracellular penetrat ion which can be used for 
short courses of therapy with the chances of a 
high cure rate. 
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