Community-Based Surveillance
of Antimicrobial Use and
Resistance in Resource-
Constrained Setti

Report on five pilot projects



WHO/EMP/MAR/2009.2

Community-Based Surveillance
of Antimicrobial Use and Resistance

in Resource-Constrained Settings

Report on five pilot projects

}"’ v b

(g World Health
¥®Y Organization




The pilot projects described in this publication and the production of the publication itself
have been financed by the US Agency for International Development (USAID), USA. The
views expressed herein are those of the authors and can therefore in no way be taken to
reflect the official opinion of the US Agency for International Development.

© World Health Organization 2009

All rights reserved. Publications of the World Health Organization can be obtained from WHO Press,
World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; fax:
+41 22 791 4857; e-mail: bookorders@who.int). Requests for permission to reproduce or translate WHO
publications — whether for sale or for noncommercial distribution — should be addressed to WHO
Press, at the above address (fax: +41 22 791 4806; e-mail: permissions@who.int).

The designations employed and the presentation of the material in this publication do not imply the
expression of any opinion whatsoever on the part of the World Health Organization concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there
may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are
endorsed or recommended by the World Health Organization in preference to others of a similar
nature that are not mentioned. Errors and omissions excepted, the names of proprietary products are
distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the
information contained in this publication. However, the published material is being distributed
without warranty of any kind, either expressed or implied. The responsibility for the interpretation
and use of the material lies with the reader. In no event shall the World Health Organization be liable
for damages arising from its use.



CONTENTS

PIOject MEIMDETS ....c.ciucririciiiniiiitiintiinicinsisitniniisiissitssetsssstssesssssssssssssssssssssssassssssssssssssssessasssens v
ACKNOWIEAGEMENES......cucrirereiicteeiicteeittceiteeeesee e essssas s ssssesesesssssesssssessssssssssssessans vii
WX 0 o3 4 L 10 1 T OO ix
How this report is 0rganized..........eiiiiiiiictcicitiesse s 1
EXE@CUtiVe SUMIMATY ..ucvciiieiiieiitiinieiceiienicesensiesesssssessssessesesssssssesssssssssesssssssssssssssssessssssssssssssssess 1
1. Background, aims and general methods ..., 5
1.1  Background and justification ... 5

1.2 Aims and ObJECHIVES ......cceuiuiiiii e 7

1.3 Methods followed and rationale..........coccoererieriiinininineeee s 8
1.3.1 AMR @A ettt sttt ettt s 9

1.3.2 ABM USE ..ottt 12

1.3.3 Comparison with larger-scale, network programmes ..........c.cocoeeeueueueuccrccninnnrnenenes 14

1.4 Approval for the StUAY ......ccoceiiiiiiiii e 15

2. DI, INAIA ceeeeereeieiiieeeceeecrreereeeesteessseeesaseessseesssseesssssssssssssssssssssssssesssasesssasesssssssssesssssesssassssaes 17
2.1  Background information on the site..........c.cccccooviiiiiniiinii 17

2.2 MEIOAS ...ttt ettt 17
221 AMR SUIVEIIIANCE. ... 17

2.2.2 ABM USE ..ttt 18

2.2.3 Data management ..ot 19

2.3 FINAINGS .cuiiiiiiiiiiiicc e 19
231 AMRIIN E. COliucviuieuiniiiiinieieintceeertetee ettt sttt et sa et se et st sr e srene 19

2.3.2 ABM USE ...ttt s s 22

2.3.3 Effect of ABM 0N AMR .....ccooiiiiiiiiriiieereteencte ettt sttt st seene 25

24  Lessons learnt from this SIte ........cccccvevirieiiniiiiiniiiiiiccccceeeee s 26
24T AMR ettt s a et a et b et be s eae 26

242 ABM USE ..ottt s 26

B, VEllore, INdia....ccceeeeeeeeeceeceieeeteecneeesteeesaseesseesssseesssesssssssssssesssssssssssssasesssasesssssssssesssssesssassssaee 27
3.1 Background information on the site............ccccccovviiiiiniiniii 27

3.2 MethOdS....ooiiiiiii e 27
321 AMR SUIVEIIIANCE ... 27

3.2.2 ABM USE ...ttt sttt sttt sa e s 28

3.2.3 Data Mmanagement ...t s 29

3.3 FINAINGS .ot s 29
3.3.1 AMRIN E. €Ol 29

3.3.2 ABM USE .t 34

3.3.3 Effect of ABM on AMR ..o s 40

3.4  Lessons learnt from this Site........c.ccccoeoiriiiiiiiiiiiiiiiiiieeeae 43
AT AMR e et a e sa e 43

342 ABM USE ...ttt et sa ettt b e e st 43

4, MUMDAL, INAIA...eiiirieiiiieiiieiieeeneeerteeereeessteeesseessseeessssessssesssseessssessssssssssessssesssssessssesssasessasssses 45
41 Background information on the site...........ccocoovieiiiiiiiiiiiiiiic 45

4.2 MethOdS....c.oiiiiiiii e 45
421 AMR SUIVEIIIANCE......c.ciiiiiiiiic s 45

4.2.2 ABM USE ...ttt sttt ettt sa e s 46

4.2.3 Data Management ..ot s 46



4.3 FINAINGS ..o 46

431 AMBR N E. COluiouiiiitiiietiiieeeeeee et eee e et eeteeeeteeeeteseeteeeesesesteseeseeensesensesensesensssensesenseeens 47

T A AN 5 11 U TIPSR 50

4.3.3 Effect of ABM ON AMR......cooiiiiiiiciieeeeeteietete ettt ssesse s estesre e ssessessessessessessessaasns 54

4.4  Lessons learnt from thiS SITe ......c.cciieiieiiieeieeceteeeeete ettt e eve v eereeeaee e 56
AAT AMR ..ottt et e e et e e tb e e ta e et aeeaae e tbaeeaae e bbeeetee e rbeentaeebaeenraeens 56

4.2 ABM USE c.eeieeeiieeeeee ettt ettt e e et e e et e e e tbe e e e tba e e e baaeeetaaa e e ttaaaeanbaeeeeataeeesraaaanns 56

5. BIitS, SOULI AfTiCa.cuuiiriiriirreiireenreenrteereeesteeseesseesssesssesssessasessessssessaesssesssesssessssssssssssssssessasssasssans 57
5.1 Background information on the site..........c.ccccceoviiiiiniiiiiniiicecce 57
5.2 IMEENOAS ...tiiiieeee ettt ettt et e ettt et tb e b e ebe e te e taeetaeeaaeeareenreenns 57
5.2.1 AMR SUIVEIIIANCE .....ccuveieieieiieieeeeteetetetet ettt ettt et e s e e beste e eseessessessessessessessenses 57

T A AN 5 11V U< T TSRS 58

5.2.3 Data management ..........ccccevviuiiiiiiiiiniiiiec s 58

5.3 FINAINGS ..ovoiiiiiiee e 58
B5.3.1 AMBR N E. COliunueiiiueiieeieeeeeeee e eete et et eeteeeeteeeeteeeeteeeeseeeeteseesaeentesensssensssensesensesenseeens 58

B5.3.2 ABM USE ettt ettt e et et e e ae e e e e ta e e eeetbae e e bt e e eeraeeeeanaeeeanraeeaas 60

5.3.3 Effect of ABM 0N AMR......ccooiiiriiriieiieieeeteieieiestesesee et te e sessesse s e sssessessessassessessessenses 65

5.3.4 Compliance with the Standard Treatment Guidelines...........cccococeeucueiccininnnnnenenenee 65

5.4  Lessons learnt from thiS SITe ......c..coiiveieiiieiieicereceeceeceeecee et et eveeveeereeesee e 66
BULT AR .ottt et et e et e e tb e e ta e e bt e e tae e tbaeeaae e baeeatee e rbeentaeebaeenraeens 66

D542 ABM USE ittt ettt et e et e e e et e e e e tae e e e tta e e e ba e e eetbaa e e ttaaaeatbaeeeerraeeesreaaanns 66

6. DUIDaN, SOULN AfTICA ..ccvuiireiieeiteitecreeerteeneeneessesssessseesseessessssesssesssesssesssesssessasssssssssessasssasssane 69
6.1 Background information on the Site...........ccoviiiiiriiinniiiniccceces 69
6.2 IMEENO... ettt ettt et et e e e ae e e tae e e tteeeraeenareeeareaeas 69
B.2. 1 AMR ...ttt be e s ebe e e ba e e be e e baeebaesbaeebeeebaeeabeeebeenreesrraennns 69

6.2.2 ABM USE .ottt ettt e et et e e e e tb e e e e tta e e e baaeeetaaeeeataeeeatbaaaeenbteaeanres 70

6.2.3 Data Mmanagement ............ccoeeiiiiiiiiiiiet s 71

0.3 FINAINES ..ot 71
6.3.1 AMR in potential respiratory pathogens ...........cccocooeoiiiiiiiiniccc e, 71

LTI N 5 11 I T TSRS 73

6.3.3 Effect of ABM 0N AMR......coooiiiiiiiiectieieteteet ettt ettt e b e vesresssessesbessessesbessesseaseas 76

6.4  Lessons 1earntfrom thiS SITE ......c..cciccuieeiieeieeiectecee ettt e eere ettt reeve v ennas 77
B.A.T AMR ...t e e e ebe e e ebe e e be e e be e e baeebaesbaeebeeebaeebeesbeesareesraennes 77

6.4.2 ABM USE .ottt e e e et e et e e e et e e e e tbe e e e baaeeebaaeeettaaeeaabaaaeerteeaannes 77

7. Summary of findings from all sites........cccceveeeeererernresnsnsnsneneicicncncnnes w79
7.1 AR et e e et et e e ebe e e tb e e e ta e e taeeebaeetee e raaeeraeeteeeanes 79
7.2 ABIM USE .ottt ettt et e et et e et e e ba e et e e e ba e e tbaeebaeebaeanaraeeraeeanns 81
7.3  ABMUSE and AMR .....cuiitiitieeeeeeeeeeeeeeee et ettt ettt e e ere e beente e teeeaaeetaeeaneenren 85
8. Lessons learnt and recOmMmMeNndations .........ccceeeeeereeereeeseeeseesseesseesseessnsesseessessassssesssesssesssasesnes 87
8.1 BaCKGIOUNG .......ooiiiiiiiiiietiee ettt enaeas 87
8.2 ACHICVEIMENLS ....oeiiiiiiiiiiiiiee e e e e et e et e e e et e e e eeaaeeeeeeaaaeaeeas 87
8.3  Lessons learnt concerning methodology ..........cccveevieriiriiieniieiiienie e 88
8.3 1 AMR ... et e e ebe e e be e e be e e be e e baeebaesbaeebeeebaeeebeeebaenbeesraennns 88

8.3.2 ABM use — prescription data .........cccceuoiiiiiicicie s 91

8.3.3 ABM use - bulk sales/purchase ...........cccocoeuiuiiiiiiiininiiiicci 94

8.3.4 AMR ANd ABM USE ...ueouiieiiieieieeiieeetete e ste ettt ste et essestessesse st essessseseessessessensessessessensens 95

8.3.5 GEINETAL....c.viiiiiiieiieteeietete ettt ettt ettt te st et b et e b b e b e beereeta e st esbessenbenbeereeseaneas 95



8.4  Lessons learnt concerning implementation ............cccccveeeeieeeciieenciieescie e eeiee e 95
8.4.1 International coordination, supervision and technical support.........c.cccoeoorrririninnnn. 95

8.4.2 Local investigator OPINION .........cccriiiiiiiiiiceie s 102

LTG0 Y o'0) o 0 F: | o OO 102

8.5  Recommendations...........ccccoiiiiiiiiiiiiiiiic 103
Papers pubLlished ...t st s e asseaes 104
Papers PreSented......iiiniiniriniiniiniiiseisscisiisseisesississsssssisssisssssssstsssssssssssssssasssnes 105

RELEICIICES o.ceeeenereeeennreerernrrereersreeessssssesssssssesssssssesesssssesssssssesssssssasssssssasssssssasssssasassssssssssssassasssssnsasssns 107









3. Vellore, India

3.2.2.2 Patient exit interviews

To obtain the patient exit interview data, patients leaving each sampled facility were
interviewed until 30 ABM-containing prescriptions could be obtained per facility in each
month. The total number of prescriptions examined was then taken to be the denominator
for that facility, as this represented the total number of patients seen during the time period
of observation. The forms used to gather prescription data in exit interviews were pilot-
tested prior to use.

3.2.2.3 Purchase data

Bulk sales/purchase data could only be obtained from those facilities that sold or dispensed
ABMs. Such data were thus only collected from some not-for-profit hospitals and all
pharmacies, and not from private general practitioners or private (for-profit) hospitals. In the
urban area, such data could therefore only be collected from the five selected pharmacies and
in the rural area from the five selected pharmacies, the RUHSA hospital and four public
primary level clinics. In the private sector pharmacies, data could be extracted from either
purchase bills or from dispensing records. In the RUHSA hospital and the four public clinics,
data could only be obtained from the dispensing registers maintained by the facility. The
same source of data were used in each facility throughout the study. Purchase/sales volumes
were converted to DDDs per 100 patients, with the denominator being the total number of
patients visiting the facility per month, calculated as follows.

e For government and CMC facilities the total number of patients attending each working
day was obtained from the registers and then added up for that particular month;

e For pharmacies, the total number of patients coming to the facility during the time taken
to conduct patient exit interviews was noted. This number was then extrapolated for the
total operating (opening) time of the pharmacy and the number of working days, and
expressed as an estimated total for the month.

3.2.3 Data management

All AMR and ABM data were captured using locally developed FoxPro data entry software,
and double entry was performed to check for errors. Data were exported into SPSS and
Microsoft Excel 2003 for descriptive analyses.

3.3 Findings

AMR and ABM data were collected at this site in two time periods, from August 2003 to July
2004 (phase 1a) and from January to December 2005 (phase 1b).

3.3.1 AMR in E. coli

3.3.1.1 AMR in urban and rural areas

In total, over both phases 1a and 1b, 2024 E. coli isolates from contaminated urine specimens
were obtained and tested for susceptibility. In phase 1a, 1095 isolates (585 from the urban
hospital and 510 from the rural hospital) were identified, while in phase 1b a total of 929
isolates (490 urban and 439 rural) were identified. The overall resistance pattern for these
commensal E. coli is shown in Table 3.1 and Figure 3.1. There was no statistically significant
difference in resistance between the urban and rural settings.
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Table 3.1: Resistance patterns of commensal E. coli isolated during phases 1a and 1b

Phase 1a Phase 1b
ABM Urban Rural Total Urban Rural Total
n (%) n (%) n (%) n (%) n (%) n (%)
Ampicillin 118 81 199 104 66 170
(20.0) (16.0) (18.0) (21.1) (15.0) (18.3)
Cotrimoxazole 151 112 263 128 99 227
(26.0) (22.0) (24.0) (26.1) (22.6) (24.4)
Cephalexin 14 7 21 13 9 22
(2.4) (1.4) (1.9) (2.7) (2.1) (2.4)
Gentamicin 12 14 26 11 6 17
(2.0) (3.0) (2.0) (2.2) (1.4) (1.8)
Chloramphenicol 31 30 61 21 16 37
(5.0) (6.0) (6.0) (4.3) (3.6) (4.0
Tetracycline 153 103 256 117 93 210
(26.0) (20.0) (23.0) (23.9) (21.2) (22.6)
Nalidixic acid 165 119 284 123 94 217
(28.0) (23.0) (26.0) (25.1) (21.4) (23.4)
Ciprofloxacin 27 13 40 19 13 32
(5.0) (3.0) (4.0) (3.9) (3.0) (3.4)
Fig.3.1: Percentage AMR rates in E. coli during phases 1a (2003-4) and 1b (2005)
W Urban 1a
B Urban 1b
30 -
W Rural 1a
B Rural 1b
25
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3. Vellore, India

3.3.1.2 Trends in AMR over time

In phase 1a, 463 (42%) of these commensal isolates showed resistance to one or more ABMs.
Similarly, 364 (39.1%) commensal isolates in phase 1b showed resistance to at least one of the
ABMs tested. As might have been expected, a higher proportion of isolates was resistant to
those ABMs that had been used for longer periods of time, such as ampicillin, cotrimoxazole,
nalidixic acid and tetracyclines. Cross-resistance to the three ABMs most commonly used to
treat UTIs (ampicillin, cotrimoxazole and nalidixic acid) was seen in 92 isolates (8.4%) in
phase la and 79 (8.5%) in phase 1b. This was the most common multidrug-resistant
phenotype observed. Aminoglycoside and cephalosporin resistance was observed in both
time periods in isolates resistant to one or more of the three ABMs mentioned above. Only
1.5% and 0.3% isolates, respectively, were resistant to nitrofurantoin. No differences between
the two phases were statistically significant. Monthly trends in resistance among commensal
E. coli during the two time periods for selected ABMs are shown in Figure 3.2. There were
variations but none were significant, as can be seen from the overlapping confidence
intervals.
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Fig.3.2 (A-G): Monthly percentage AMR rates in commensal E.coli
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Phase 1b Jan 2005 - Dec 2005
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The error bars indicate confidence intervals.

The numbers within brackets are the total tested each month.
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While the results obtained are reported, it must be noted that the NCCLS/CLSI guidelines do
not recommend testing E. coli for cephalexin susceptibility.

3.3.1.3 AMR in commensals and pathogens

Only a small number of pathogenic E. coli, adjudged to be causing a clinical UTI, were
isolated. The prevalence of resistance in these 29 isolates identified in phase 1a and 15 in
phase 1b is shown in Table 3.2.

Table 3.2: Resistance patterns of E. coli causing UTI during the two periods of study

Phase 1a (n =29) Phase 1b (n=15)

ABM Number % Number %
Ampicillin 15 48 8 53
Cotrimoxazole 11 34 9 60
Cephalexin 5 17 2 13
Gentamicin 4 10 2 13
Chloramphenicol 6 21 3 20
Tetracycline 10 34 8 53
Nalidixic acid 18 59 9 60
Ciprofloxacin 10 31 4 27

Resistance was significantly higher in infecting strains compared to commensal strains in
both years for all ABMs (p <0.005), as shown in Table 3.3. By disc approximation test (NCCLS
2002), 18 (1.6%) commensal E. coli and 3 (10.3%) infecting strains (p <0.001) were found to be
ESBL producers in phase 1a. Only four (19%) of these isolates were from a rural (p <0.05)
area. This trend also continued in phase 1b, with 13 (1.4%) commensal E. coli being resistant
to third-generation cephalosporins compared to 2 (13%) pathogens.

Table 3.3: Resistance patterns of E. coli causing urinary tract infection compared
to that of commensals

Pathogenic E. coli Commensal E. coli
(n =44) (n=2024) Significance
Number % Number %
Ampicillin 23 52.3 369 18.2 p <0.001
Cotrimoxazole 20 45.5 490 24.2 p 0.001
Cephalexin 7 15.9 43 2.1 p <0.001
Gentamicin 6 13.6 43 2.1 p <0.001
Chloramphenicol 9 20.5 98 4.8 p <0.001
Tetracycline 18 40.9 466 23 p 0.005
Nalidixic acid 27 61.4 501 24.8 p <0.001
Ciprofloxacin 14 31.8 72 3.5 p <0.001
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3.3.2 ABM use

3.3.2.1 Prescription data

A total of 10,800 ABM-containing prescriptions were captured in both phases of study, as
planned. Overall, 41.3% of prescriptions in phase 1a and 40.5% of prescriptions in phase 1b
contained at least one ABM. The proportion of ABM-containing prescriptions per facility
type and by setting (urban and rural) over the two phases is shown in Table 3.4. More than
one ABM was prescribed in 736 (2.9%) prescriptions in phase 1a and in 847 (3.2%) in phase
1b. The most commonly used combinations were ampicillin with cloxacillin and ampicillin
with gentamicin. Monthly trends in the percentage of prescriptions containing at least one
ABM per facility type and according to phase are shown in Figure 3.3. No obvious seasonal

trends were observed.

Table 3.4: Summary of prescription data

Phase 1a Phase 1b
Urban Total Number with Total Number with
prescription ABM (%) prescription ABM (%)
Private Pharmacies | 4554 1800 (39.5%) 5000 1800 (36 %)
Hospitals* 4195 1800 (42.9%) 4665 1800 (38.6%)
Private GPs 4634 1800 (38.8%) 3971 1800 (45.3%)
Total urban 13,383 5400 (40.3%) 13,636 5400 (39.6%)
Phase 1a Phase 1b
Rural Total Number with Total Number with
prescription ABM (%) prescription ABM (%)
Private Pharmacies | 5091 1800 (35.4%) 5314 1800 (33.9%)
Hospital/PHCs** 3935 1800 (45.7%) 3937 1800 (45.7%)
Private GPs 3721 1800 (48.4%) 3771 1800 (47.7%)
Total rural 12,747 5400 (42.4%) 13,022 5400 (41.4%)
Urban + Rural 26,130 10,800 (41.3%) 26,658 10,800 (40.5%)

*  For-profit and not-for profit hospitals

** 4 government PHCs and 1 not-for-profit hospital
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Fig. 3.3 (A-B): Percentage of prescriptions containing any ABM in rural and urban areas
in phases 1a and 1b (2003-2005)
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*  Not-for-profit and for-profit hospitals in the urban area; public sector primary health care clinics and a not-

for-profit hospital in the rural area

3.3.2.2 Specific ABM use over time

Data showing the use of major ABM classes are represented in Figures 3.4 and 3.5, as
measured by the percentage of prescriptions containing an ABM from that class as well as
expressed as DDD per 100 patients seen. Both measures show high levels of use of
fluoroquinolones and extended-spectrum penicillins (or cephalosporins), particularly in
urban settings, but also high levels of cotrimoxazole use in the public sector PHC clinics and
RUHSA mission hospital in the rural area. Prescriptions filled in private sector pharmacies
also reflect the prescribing habits of private medical practitioners in the area. Marked
differences in ABM choice were seen between private practitioners and the government
clinics and mission hospital. By using both measures of ABM use, it is possible to see
differences in the scale of exposure. For example, although the percentage of prescriptions
including a fluoroquinolone was similar in the rural and urban private practice settings, the
number of DDD per 100 patients seen was much higher in the urban areas, reflecting
differences in the doses and quantities prescribed.
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Fig. 3.4 (A-B): Annual use of ABMs by facility type measured as percentage of prescriptions
containing a specific ABM
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Fig. 3.5 (A-B): Annual use of ABMs by facility type measured as no.DDDs of specific ABM prescribed
per 100 patients
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