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Typhoid (enteric) fever is the main problem

Basnyat B, Clinical Infectious Diseases 2005; 41:1467–72



The Problem

• If untreated or untreatable

– High morbidity and mortality

• Emerging resistance

– Ampicillin

– Chloramphenicol

– Fluoroquinolones

– 3rd generation cephalosporins

• More recommendations for azithromycin 

as 1st-line or 2nd-line therapy



Typhoid fever treatment (WHO)

WHO: 8-10 mg/kg/day (A dose of 1 g

per day for five days was also effective in adults)

WHO/V&B/03.07 Background document: The diagnosis, treatment and prevention of typhoid feverPrinted: May 2003



Pediatrics patients:

1) 10 mg/kg/day Day 1 and 5 mg/kg/day Days 2 to 5

2) 10 mg/kg/day Day 1 to 3

Registered FDA Azithromycin indications

IT IS NOT LIKELY THE 

AZITHROMYCIN WILL BE 

REGISTERED FOR 

ENTERIC FEVER 

ANYTIME SOON

- IF EVER -



1) 500 mg one dose on Day 1 and 250 mg once daily 

for 5 to 7 days.

2) 500 mg once daily for 3 days

3) 1,000 mg on the first day and 500 mg a day for 6 

more days 

4) 10-20 mg/kg/day in children and 500 mg to 1g for 

adults for 5-7 days

Currently used dosing regimens

No firmly established regimen



AZITHROMYCIN
A 15-membered macrolide



In vitro activity



MIC distributions and ECOFFs

Azithromycin MIC distribution of ST USA
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S. Typhi S. Typhi

S. Paratyphi S. Paratyphi



Is Etest equivalent to BMD?

1
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32

CDC Study

Comparison of Etest versus BMD 

for S. Typhi  n=98

p>0.05 (t-test)



G Amsden and C. Gray, J. Antimicrob. Chemother. (2001 )47 (1): 61-66. 

PK-PD -1-



Intracellular uptake of azithromycin

PK-PD -2-

Extracellular 

milieu
cytoplasm

Lisosomes

McDonald P J et al. Eur J Clin Microbiol Infect Dis, 1991, 10(10):828-833.

Otero et al. Rev Esp Quimioter 2002; 15(2):828 



G Amsden and C. Gray, J. Antimicrob. Chemother. (2001)47 (1): 61-66. 

PK-PD -3-



Butler T, et al. JAC(2001) 47, 455-458

In vitro kill of 

Salmonella Typhi with 

MIC of 8 mg/L by 

different concentrations 

of azithromycin

PK-PD -4-



PK-PD -5-

Butler T, et al. JAC(2001) 47, 455-458



Breakpoints from other organizations

BSAC Methods for Antimicrobial Susceptibility 

Testing

Version 12 May 2013



COMITE DE L’ANTIBIOGRAMME DE LA SOCIETE 

FRANCAISE DE MICROBIOLOGIE 

Recommandations 2010 

Breakpoints from other organizations



3) MIC distribution and ECOFF

http://www.eucast.org/
http://www.eucast.org/


Clinical findings

MIC of 64 ug/ml



Individual patient analysis of clinical response to 
azithromycin in three RCTs in uncomplicated enteric fever

Chinh NT, Parry CM, Ly NT, et al. A randomised controlled 
comparison of azithromycin and ofloxacin for multidrug-
resistant and nalidixic acid resistant enteric fever. Antimicrob 
Agents Chemother 2000; 44: 1855-1859

Parry CM, Ho VA, Phuong LT, et al. A randomised controlled 
comparison of ofloxacin, azithromycin and an ofloxacin-
azithromycin combination for treatment of multidrug resistant 
and nalidixic acid resistant typhoid fever. Antimicrob Agents 
Chemother. 2007; 51:819-825

Dolecek C, La TTP, Rang NN et al. A Multi-Center Randomised 
Controlled Trial of Gatifloxacin versus Azithromycin for the 
Treatment of Uncomplicated Typhoid Fever in Children and 
Adults in Vietnam. PLoS ONE 3(5): e2188

Clinical findings



Study 1: Azithromycin (Zithromax, Pfizer, USA; 500 
mg/tablet) 1gm orally once daily for 5 days (Mean of 20 
mg/kg/day). 

Adults

Study 2: Azithromycin suspension (Zithromax suspension, 
Pfizer, USA; 200 mg/5 mL or Zithromax tablets, Pfizer, USA; 
500 mg/tablet) 10mg/kg/day orally once a day (maximum 500 mg 
daily) for 7 days.

Adults and children

Study 3: Azithromycin (Zithromax suspension, Pfizer, USA; 
200 mg/5 mL or Zithromax tablets, Pfizer, USA; 500 
mg/tablet) 20 mg/kg orally once a day  (maximum 1 gm daily) for 
7 days

Adults and children

Individual patient analysis of clinical response to 
azithromycin in three RCTs in uncomplicated enteric fever



214 patients eligible for analysis 

42 from study 1; 45 from study 2; 127 from study 3 

Median (IQR, range) age of 13 years (8-20, 1-68) 

Median (IQR, range) duration of illness of 8 days (6-10, 2-30) 

Infecting isolate was 

S.enterica Typhi (209 patients)

S.enterica Paratyphi (5 patients) 

137 (64%) were multidrug resistant (resistant to C, A, Sxt) 

184 (86%) were intermediate to ciprofloxacin 

All isolates were susceptible to ceftriaxone
Median (IQR, range) azithromycin MIC was 8 mcg/mL (8-12, 4-
16). 

Individual patient analysis of clinical response to 
azithromycin in three RCTs in uncomplicated enteric fever



Variable/Azithromycin MIC 4 mg/L 6-8 mg/L 12-16 mg/L p 

Number 13 116 85  

Age  14 (9-17) 14 (9-21) 11 (8-19) 0.256 

Sex (Male) 8 (61.5) 59 (50.9) 35 (41.2) 0.233 

Duration of illness (days) 9 (6-14) 8 (6-10) 7 (5-10) 0.078 

Dong Thap/An Giang 8 (61) 78 (73) 79 (93) <0.001 

HCMC 5 (39) 31 (27) 6 (7) - 

Headache 9 (69) 31 (75) 58 (68) 0.582 

Cough 3 (23) 28 (24) 27 (32) 0.428 

Vomiting 5 (39) 41 (35) 31 (37) 0.969 

Abdominal pain 4 (31) 55 (47) 43(51) 0.410 

Constipation 1 (8) 12 (10) 24 (29) 0.002 

Diarrhoea 8 (62) 86 (74) 54 (64) 0.227 

Previous antibiotics 1 (8) 20 (17) 10 (12) 0.252 

Admission temperature (
0
C) 39.5 (39.0-39.9) 39.0 (38.9-40.0) 39.0 (38.5-39.5) 0.677 

Hepatomegaly 7 (54) 47 (41) 41 (48) 0.431 

Splenomegaly 1 (8) 9 (8) 7 (8) 0.994 

Haematocrit (%) 38 (34-40) 37 (32-40) 34 (31-38) 0.041 

WCC (x10
9
/L) 7.7 (5.5-9.2) 6.8 (5.0-8.3) 7.2 (5.5-8.8) 0.326 

Neutrophil (%) 72 (63-79) 66 (55-73) 67 (58-76) 0.316 

Lymphocytes (%) 19 (15-35) 29 (20-37) 26 (19-35) 0.378 

Platelets (x10
9
/L) 213 (187-270) 166 (120-213) 175 (140-259) 0.004 

AST (IU/L) 154 (68-202) 77 (44-131) 96 (60-145) 0.065 

ALT (IU/L) 100 (38-221) 63 (40-103) 69 (43-127) 0.207 

S.enterica Typhi 13 (6) 115 (55) 81 (39) 0.173 

S.enterica Paratyphi A 0 (0) 1 (20) 4 (80) - 

MDR (%) 7 (54) 78 (67) 52 (61) 0.495 

Ciprofloxacin intermediate (%) 8 (62) 102 (88) 74 (87) 0.032 

 



Variable/Azithromycin MIC 4 mg/L 6-8 mg/L 12-16 mg/L p 

Number 13 116 85  

Fever clearance time (days) 4.4 (3.7-4.5) 4.9 (3.4-7.5) 4.7 (3.2-7.0) 0.249 

Failure (any reason) 1 (8) 9 (8) 9 (11) 0.775 

Clinical failure 1 (8) 9 (8) 8 (9) 0.912 

Microbiological failure 1 (8) 1 (1) 3 (4) 0.195 

Complicated disease 0 (0) 4 (3) 6 (7) 0.347 

Duration of admission (days) 12 (11-14) 13 (12-15) 13 (12-15) 0.714 

Convalescent faecal carriage 0/10 (0) 0/98 (0) 3/72 (4)  

Relapse 0/10 (0) 0/98 (0) 0/72 (0)  

 

Outcome: By azithromycin MIC



 

Variable 

 

Failure 

 

Success 

 

p 

 

OR (95% CI) 

Number 19 195   

Age (years) 12 (8-22) 13 (8-20) 0.966  

Duration of illness (days) 7 (4-14) 8 (6-10) 0.601  

Sex (Male) 10 (52.6) 92 (47.2) 0.831 1.24 (0.44-3.51) 

Site (Mekong Delta) 17 (89.5) 155 (79.5) 0.379 2.19 (0.49-20.3) 

S.enterica Typhi 19 (100) 190 (97) 1.000 - 

S.enterica Paratyphi A 0 (0) 5 (3)   

MDR 15 (78.9) 122 (62.6) 0.242 2.24 (0.68-9.61) 

Ciprofloxacin intermediate 17 (89.5) 167 (85.6) 1.00 1.43 (0.31-13.4) 

Azithromycin MIC >8 mcg/mL 9 (47.4) 76 (39.0) 0.640 1.41 (0.50-3.97) 

Duration of azithromycin < 7 

days 

2 (10.5) 40 (20.5) 0.379 0.46 (0.05-2.06) 

Dose of azithromycin 10mg/kg 5 (26.3) 40 (20.5) 0.559 1.38 (0.37-4.37) 

 

Outcome: Comparison of failures and successes



Outcome: Kaplan Meier curve



Azithromycin in Enteric Fever 

In 214 Vietnamese patients with uncomplicated enteric fever 
infected with an isolate with an azithromycin MIC between 4 and 16 
mcg/mL treated with 5-7 azithromycin at 10-20 mg/kg:

> 90% of patients were cured with a median fever clearance of 4-5 
days and no relapses

There was no difference in the response between patients with an 
infection with isolates with different MICs



Disk Diffusion Correlates
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Correlation between MIC and ZD

S. Typhi n=55 [Latin America and Canada]
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S. Typhi merged
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S. Paratyphi A merged
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Breakpoint Proposal -1-

Ad Hoc Working Group proposes an MIC Breakpoint of:

Susceptible ≤ 16 mg/L, Non-susceptible,  ≥ 32 mg/L

1)The rational for not introducing an intermediate category at 

this time is the rarity of strains with MICs above 16 mg/L 

(except for a small proportion of wild-type S. Paratyphi A), and 

the corresponding lack of clinical outcome data (only 1 

reported failure at 64 mg/L).

2)These breakpoints should apply to S. enterica serovar Typhi 

and S. enterica serovar Paratyphi A only. There are few 

reliable data for other Salmonella enterica strains, and none 

for other species



Disk diffusion zone diameter correlates

• For an MIC breakpoint of susceptible <= 16 mg/L, 

the corresponding disk zone correlate for 15μg 

disk of azithromycin is: 

susceptible ≥13 mm non-susceptible ≤12 mm

Breakpoint Proposal -2-



Issues
• The MIC distribution for S. Paratyphi A is statistically 

significantly higher than that of S. Typhi, by ~1.3 fold. 

This is unexpected, given that these are both purported 

to be members of the same species, Salmonella 

enterica. This phenomenon has been noted in several 

studies.

• The consequence is the estimated ECOFF for 

S. Paratyphi A is ≥ 32 mg/L, while that of S. Typhi is 

≥ 16 mg/L. As the proportion of enteric fever cause by S.

Paratyphi A is lower than S. Typhi, and the proportion of 

S. Paratyphi A with MICs above 16 mg/L is low, the fact 

that the proposed breakpoint cuts into the S. Paratyphi A 

is of minor consequence.



Issues

• Disk diffusion error rates with 

S. Paratyphi A

– Are they sufficiently troubling to set different 

breakpoints?

• Breakpoints can’t be linked to a specific 

dosing regimen 



Breakpoint Working Group

• Proposal for vote

– S. Typhi only

– MIC BP: S ≤ 16 mg/L, NS ≥ 32 mg/L

– Zone diameter BP: S ≥ 13 mm, NS ≤ 12 mm



Zone Diameter Estimation Software

Now freely available on-line

http://glimmer.rstudio.com/dbets/dBETS/


