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Non-typhoidal Salmonella (NTS)

« 153 million cases globally?
« 56,962 deaths?

« WHO Priority Pathogen?

« AMR NTS Salmonella, USA
— 36 724 infections?®
— 427 hospitalisations?
— 12 deaths in the USAS3, 8 677 LoS*

1. Kirk MD, Pires SM, Black RE, et al. World Health Organization Estimates of the Global and Regional Disease Burden of 22 Foodborne Bacterial, Protozoal, and Viral Diseases, 2010: A
Data Synthesis. PLoS medicine 2015; 12(12): e1001921.

2. WHO. Global priority list of antibiotic-resistant bacteria to guide research, discovery, and development of new antibiotics. 2017. http://www.who.int/medicines/publications/WHO-PPL-
Short_ Summary 25Feb-ET_NM_WHO.pdf?ua=1 (accessed 24 March 2017)

3. Barza M, Travers K. Excess infections due to antimicrobial resistance: the "Attributable Fraction". Clin Infect Dis 2002; 34: S126-30.

4. Travers K, Barza M. Morbidity of infections caused by antimicrobial-resistant bacteria. Clin Infect Dis 2002; 34: S131-S4.
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Aims

1) Describe existing studies reporting health
outcomes for MDR and susceptible NTS

2) Examine impacts of MDR and susceptible
NTS on health in high-income countries
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Search Methodology

« According to PRISMA guidelines!
« Scientific databases
* Grey literature
» Public request for information (RePORT, http://report.nih.gov/index.aspx)
 Reference list search

« Key terminology

* Nontyphoidal Salmonella, resistance, bacteraemia,
hospitalisation, mortality...

1. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Ann Intern Med 2009; 151(4): 264-9, w64.
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Eligibility Criteria & Analyses

Studies reporting on health outcomes from Multi-Drug Resistant
(MDR) and susceptible NTS isolates

« MDR = Non-susceptibility to at least 1 agent in 23 antimicrobial
categories?

« Susceptible to at least ampicillin, chloramphenicol, streptomycin,
sulfisoxazole or sulfamethoxazole, tetracycline, ciprofloxacin, and
nalidixic acid

Studies published between 1 January 1990 and 15 September 2016
Studies from high-income countries as classified by World Bank?

Outcome measure
* Odds ratio (OR)

1. Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim
standard definitions for acquired resistance. Clin Microbiol Infect 2012; 18(3): 268—81.
2. World Bank. The World Bank country and lending groups. 2016. http://data.worldbank.org/about/country-and-lending-groups#IBRD (accessed 10 September 2016).
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Study Selection

Identification ]

)

Screening

ez

Included

Records identified through database
searching (PubMed, Scopus, Web of
Science, Lilacs, Open Access Theses
and Dissertations, Cochrane library)

(n =7604)

Additional records identified through other
sources (FDA, Health Canada, CDC,
EFSA, WHO library)

(n=7)

4 A 4

Records after duplicates
removed
(n = 4258)

Records excluded based on title

Records screened
(n =4258)

review
/ (n=3946)

Abstracts excluded

'

(n=294)
o No health outcome and/or

Abstracts screened
(n=312)

drug resistance data (n = 275)
o No abstract available (n = 1)
e Reviews (n = 10)

o Editorial letters (n = 6)

A 4

o Case studies (n = 2)

Full-text articles assessed for
eligibility
(n=18)

Full-text articles excluded,
(n=2)
e Duplicate data (n = 2)

A 4

Studies included in

qualitati thesis
(n=16)

Full-text articles excluded,
(n=7)
o Different pattern than MDR and pansusceptible (n =7)

=

Studies included in quantitative

syntthysis)
(n=9)




Australian

» National
3 University

Studies Included in the Meta-analysis

Exposure measured — Sl s (ermes
Study and year Study period antimicrobial resistance pattern: Salmonella serotype pcontrols)
cases/controls
Angelo et al, 2016 2003-2013 Resistant to =3 classes/ Susceptible Typhimurium, Enteritidis, 19 248 (2276/16 972)
Heidelberg, Newport, other
Barlow, 2012 2004-2009 R-type ACSSUT Susceptible | YPhimurium, Heidelberg, Typh.van 1371 (158/1213)
Copenhagen, Newport, other
Crump et al, 2011 1996-2007 R-type ACSSUT*/ Susceptible USTAIITif, (Sl 15 001 (1431/13570)
P ’ yp P Heidelberg, Newport, other
Devasia et al, 2005 04/2002-05/2003 MDR-AmpCt/ Susceptible Newport 200 (54/146)
Gupta et al, 2003 01/04/ 12%?1-31/03/ MDR-AmpC?# Susceptible Newport 68 (32/36)
Krueger etal, 2014  01/2006-05/2008  Resistant to 23 classes/ Susceptible | YPMmurnium, 'f):‘:;'“d's' Newport, 785 (80/705)
Solghan et al, 2010 05/2003- 12/2007 R-type ACCSuT*/ Susceptible Typhimurium 380 (79/301)
Varma et al, 2005a 1996-2001 R-type ACSSuT*/ Susceptible Typhlmurlum, AL NS ey S (R nAtl)
Heidelberg, other 321 (146/175)
15 000 (12 806/ 2194)
Varma et al, 2005b 1984-2002 R-type AC/KSSuT?/ Susceptible Enteritidis, Typhimurium, other

20 433 (17 150/ 3283)

NOTES. OR, Odds ratio; Cl, 95% Confidence interval.

*R-type ACSSuT,; resistant to at least ampicillin, chloramphenicol, streptomycin, sulphonamide, and tetracycline.

TMDR-AmpC; resistant to amoxicillin/clavulanate, ampicillin, cefoxitin, ceftiofur, cephalothin, chloramphenicol, streptomycin, sulfamethoxazole, tetracycline, and had decreased susceptibility
to ceftriaxone.

¥MDR-AmpC: resistant to amoxicillin/clavulanate, ampicillin, cefoxitin, ceftiofur, cephalothin, streptomycin, sulfametoxazole, but not chloramphenicol or tetracycline.

SR-type AC/KSSuUT: resistant to at least ampicillin, chloramphenicol, kanamycin, streptomycin, sulfametoxazole, and tetracycline.
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Bloodstream Infection

Study OR (95% CI) % Weight
Angelo et al I 1.84 ( 1.57, 215) 58.3
Crump et al - 138 ( 1.1, 171 309
Devasia et al = 090 ( 0.09, 884) 0.3
Krueger et al » 373 (181, 767) 28
Solghan et al - 197 ( 0.65 593y 1.2
VVarma et al (a) = 210 ( 1.30, 3.30) 6.6
Overall <>
0=10.17, p=0.07, 12=51% :



Australian

% National
2y University

Hospitalisation
Study ; OR (95% Cl) % Weight
Barlow - 198 ( 130, 3.02) 88
Devasia et al " 102 ( 053, 198) 36
Gupta et al - 220 ( 060, 7.70) 1.0
Krueger et al i 181 ( 117, 2.82) 8.1
Solghan et al . 216 ( 129, 363) 538
Varma et al (b) —— 3.51 ( 297, 413) 574
Varma et al (a) +—— 130 ( 090, 1.70) 154
Overall — ———
Q=43.21, p=0.00, 12=86%
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Mortality
Study OR(95%Cl) % Weight
Krueger et al : L 876 ( 01744468) 8.8
Solghan et al f H 1184 ( 1.21,11544) 263
varmaetal (o) | - 192 (045, 8.20) 64.9

Overall —— 3.54 ( 1.10,11.40) 100.0

Q=1.96, p=0.37, 12=0%
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Discussion

 Why have MDR NTS infections more severe outcomes?
« The initial therapy might be ineffective
* Need to choose less desirable drug
 Linkage of virulence and resistance genes?
* Role of host factors
« Children and older adults in higher risk of invasive disease?
« Underlying immunosuppressing condition associated with worse outcomes3
* Role of serotype

» Salmonella serotypes Heidelberg, Dublin, and Choleraesuis are more
invasive than serotype Typhimurium#

« Salmonella serotype Newport is less fatal when compared to serotype
Typhimurium#

1. Barza M. Potential mechanisms of increased disease in humans from antimicrobial resistance in food animals. Clin Infect Dis 2002; 34: S123-5.

2. Parry CM, Thomas S, Aspinall EJ, et al. A retrospective study of secondary bacteraemia in hospitalised adults with community acquired non-typhoidal Salmonella
gastroenteritis. BMC Infect Dis 2013; 13: 107.

3. Gordon MA. Salmonella infections in immunocompromised adults. J Infect 2008; 56(6): 413—22.
4. Jones TF, Ingram LA, Cieslak PR, et al. Salmonellosis outcomes differ substantially by serotype. J Infect Dis 2008; 198(1): 109-14.

12
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Limitations

 Limited number of studies
o All from the USA

Potential unmeasured confounders
« Host factors, serotype

« Assessment of bacteraemia
Possible publication bias

13
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Conclusions and Future Directions

 MDR NTS infections linked with worse health outcomes

* Need for more adequately designed studies

* Address potential confounders
» Broader description of health outcomes
« Address specific antimicrobial patterns

 Restrict the use of antimicrobials

14
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Quality Assessment of studies

Bloodstream infection

Study Represv_snt?tiveness of study Representativeness of Selection of cases and Assessment Assessment of Assessment of
population isolates’ controls* of cases and controls®  exposure! outcomell
Angelo et al, 2016 1 2 1 1 1 0
Crump et al, 2011 1 2 1 1 1 0
Devasia et al, 2005 1 1 1 1 1 0
Krueger et al, 2014 1 2 1 1 1 1
Solghan et al, 2009 1 1 1 1 1 0
Varma et al, 2005b 1 2 1 1 1 1

Hospitalisation

stud Representativeness of study  Representativeness of Selection of cases and Assessment Assessment of Assessment of
y population* isolatest controls* of cases and controls® exposure' outcomeft
Barlow et al, 2012 1 2 1 1 1 1
Devasia et al, 2005 1 1 1 1 1 1
Gupta et al, 2003 1 1 1 1 1 1
Krueger et al, 2014 1 2 1 1 1 1
Solghan et al, 2009 1 1 1 1 1 1
Varma et al, 2005a 1 1 1 1 0 1
Varma et al- 2005b 1 2 1 1 1 1
Mortality
Stud Representativeness of study  Representativeness of Selection of cases and Assessment Assessment of Assessment of
Y population” isolatest controls* of cases and controls®  exposure’ outcome#t
Krueger et al, 2014 1 2 1 1 1 1
Solghan et al, 2009 1 1 1 1 1 1
Varma et al, 2005a 1 1 1 1 0 1
NOTES

* Representativeness of study population: study population was clearly defined (1 point), unclear or not defined (0 points)

1 Representativeness of isolates: truly representative of the community (2 points), somewhat representative (1 serotype only) (1 point), not representative or not stated (0 points)

1 Selection of cases and controls: from the same community with no significant differences (1 point), significant differences (0 points)

§ Assessment of cases and controls: same (1 point), other or not defined (0 point)

11 Assessment of exposure: clear information on antimicrobial testing, same methods used for all isolates (1 point), unclear or no definition (0 points)

||Assessment of outcome: clear information on bloodstream infection in both cases and controls (1 point), other or not defined (0 points)

** Analysis adjusted for confounders (age, comorbidities, sex, serotype): adjusted for at least 2 factors (2 points), adjusted for 1 factor (1 point), not adjusted or not stated (O points)

ttAssessment of outcome: patients with Salmonella infection (both bloodstream and gastroenteritis) who were hospitalised (1 point), other or not defined (0 points)

ttAssessment of outcome: patients with Salmonella infection (both bloodstream and gastroenteritis) who died during the hospitalisation or Salmonella outbreak (1 point), other or not defined (0 points)

1. Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed 10 November 2016).

Analysis adjusted for Qi
confounders™ (max 9)
0 6
0 6
0 5
0 7
0 5
2 9
Analysis adjusted for Qi
confounders™ (max 8)
1 8
0 6
0 6
0 7
0 6
0 5
0 7
Analysis adjusted for Qi
confounders™ (max 7)
0 7
0 6
0 5
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Statistical Analyses

« (Qutcome measure
« Odds ratio (OR)

« Statistical models
* Inverse variance heterogeneity (IVHet)

All analyses were performed using MetaXL, version 5.3 (http://www.epigear.com)

19
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Pooled Effect Sizes Using All Three Models

IVHet model RE model QE model Heterogeneity 12
Health Outcome _
OR(95% Cl)  OR (95% CI) OR (95% CI) index %
Bloodstream infection ~ 1.73 (1.32-2.27)  1.82(1.43-231)  1.79 (1.39 - 2.31) 50.86
Hospitalisation 251 (1.38-458)  1.82(1.19-2.79)  2.21 (1.37-3.55) 87.38
Mortality 3.54 (1.10-11.40)  3.54 (1.10-11.40)  4.32 (1.26-14.83) 0

20
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Subgroup Analysis
Study or Subgroup ; OR (95% CI) % Weight
A :
Angelo et al [ 184 (157 215) 583
Krueger et al : = 373 (181, 7687 248
Solghan et al e 197 ( 065 583 12
Yarma et al (a) —— 210 (130, 3.30) GBE
A subgroup <I> 182 (1871, 2458 BBH
(2=3.68, p=0.30, 12=18% :
B .
Crump et al Ly 138 ( 111, 1.71) 308
Devasia etal | —— 040 ( 009, 884y 043
E subgroup @. 137 (1.1, 1700 3141
Q=013 p=0.72, 12=0% |
Orverall d} 173 (132, 227) 1000

Q=1017, p=0.07, 12=51%

o1 2 3 4 &5 6B 7 8
QR

Subgroup A: studies reporting "bloodstream infection”
Subgroup B: studies reporting "blood isolate”

21
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Sensitivity Analyses

Bloodstream Infection Hospitalisation Mortality
Vhet Vhet IVHet
Pooled LCI HCI
Excluded study PooclJche' 9L5S/<I> 91% 12 Excluded study (F;cg)led ;%) QHSE/L i Excluded study OR 95%  95% 12
Angelo et al, 2016 159 095 264 5434 Barlow, 2012 257 126 524 88.06 Krueger et al, 2014 325 056 1884 4257
Ciryeich i Lo e e Devasia et al, 2005 260 144 468 8601 solghan et al, 2009 230 059 89 000
Devasia et al, 2005 173 130 231 5944 Gupta ctal, 2003 2br 136 467 8842 Varma et al, 2005a 1098 153 7888  0.00
Krueger et al, 2014 1.69 140 205 29.85 Krueger et al, 2014 259 129 517 87.77
Solghan et al, 2009 173 128 232 6048 Solghan et al, 2009 254 129 501 8834 RE
Varma et al, 2005b 171 124 234 5773 Varma et al, 2005a 160 128 201 19.95 Excluded study Poocl)eg 9L5(°:/(|; :5(03/(!) -
Varma et al, 2005b 283 158 510 7889 Krueger et al, 2014 382 068 2155 4257
RE Solghan et al, 2009 230 059 899 0.0
Pooled  LCI HCI Varma et al, 2005a 10.98 153 7888  0.00
Excluded study OR 95% 95% 12 RE
Angelo et al, 2016 192 127 291 5434 Pooled LCI  HCI
Excluded study OR 95% 95% 12
Crumoletial:201T i Barlow, 2012 187 115 305 88.06 by Lol Hel
Devasia et al, 2005 184 143 237 59.44 Devasia et al, 2005 207 135 317 8601 Excluded study OR 950 959 12
Krueger et al, 2014 168 140 202 2985 Gupta et al, 2003 187 121 290 8842 Krueger et al, 2014 366 065 2063 4257
Solghan et al, 2009 182 140 237 6048 Krueger et al, 2014 100 118 307 87.77 Solghan et al, 2009 288 065 1282 000
Varma et al, 2005b 178 134 237 5173 Solghan et al, 2009 184 114 297 8834 Varma et al, 2005a 1079 148 7888  0.00
Varma et al, 2005a 162 130 2.03 19.95
oF Varma et al, 2005b 206 138 309 78.89
Pooled LCI  HCI
Excluded study OR 95% 95% 12
Angelo et al, 2016 171 110 265 54.34 Pg)llzed Lcl Hel
Crump et al, 2011 196 160 2.39 2.27 Excluded study OR 95% 95% 12
Devasia et al, 2005 186 144 240 59.44 Barlow, 2012 229 126 414 88.06
Krueger et al, 2014 168 135 209 29.85 Devasia et al, 2005 231 144 372 8601
Solghan et al, 2009 179 135 237 6048 Gupta et al, 2003 219 133 361 8842
Varma et al, 2005b 173 128 234 57.73 Krueger et al, 2014 225 129 390 8777
Solghan et al, 2009 220 128 378 8834
Varma et al, 2005a 162 129 203 19.95
Varma et al, 2005b 246 155 390 78.89
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