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Outlines

• Bugando Medical Center (BMC) and CUHAS at glance

• Overview of AMR Surveillance Systems:

 The Global and National Action Plans on AMR

 The Global and National burden of AMR

 Detection, Monitoring and Surveillance of human and animal 
diseases

 Evidence from BSIs, UTIs, SSTIs & Bovine mastitis

 Utilization of AMR data 

• Conclusions and future prospects



BMC and CUHAS at Glance

Jeremiah Seni PhD thesis., 2015 at https://prism.ucalgary.ca/handle/1880/108935; Tanzania Population and Housing Census, 2022; 

https://www.bugandomedicalcentre.go.tz/index.php 

 Bugando Medical Centre is a teaching tertiary 
hospital for Catholic University of Health and 
Allied Science)

 Serves >20m people in the NW-part of Tanzania 
(1/3rd of country’s population), >1000 bed 
capacity with 1400+ staff

 One of the nine AMR surveillance sentinel 
hospitals in Tanzania (contributed to approx. 35% 
to 45% of national AMR surveillance data from 
2020 to 2022)





Bush & Jacoby. AAC. 2010; 54 (3):969-976; WHO., 2014; Jim O’Neill ., 2016

Extended spectrum beta lactamases (ESBL)
TEM

SHV

CTX-M

The Global Burden of Antimicrobial Resistance

Existence of these resistant ‘bugs’ in humans, animals & environmental 

premises complicates further interventional measures !



Facts and Figures on the Burden of AMR in 

Mwanza, Tanzania: 2 decades reflections

• 6 out of 100 children <5y & 20 out of 100 neonates die of AMR 
attributable blood stream infections, predominantly by Klebsiella
pneumoniae ST45 carrying blaCTX-M-15  [Mortality is 2x in ESBL vs
Non-ESBL infections]

• 17 out 100 pregnant women have UTIs, and ESBL associated UTIs are  2x 
in hospital versus community associated UTI; asymptomatic bacteriuria is 
associated with adverse pregnancy outcomes 

• Surgical site infections post-caesarian section is approx 10% in Mwanza 
and is associated with longer duration of hospital stay

Kayange et al., BMC Pediatr. 2010 Jun 4;10:39. doi: 10.1186/1471-2431-10-39. Seni et al.  JGAR 17 (2019) 173–179;  Seni et al. 

BMC Pediatrics (2019) 19:32; Marando et al., International Journal of Medical Microbiology 308 (2018) 803–811; Mpogoro et al., 

2014. Antimicrob Resist Infect Control. 2014 Aug 11;3:25. doi: 10.1186/2047-2994-3-25’ Colman Mayomba., CUHAS 

Dissertation, 2023



Global Action Plan & Tanzania NAP-AMR

1. Four TWGs

2. Not systematically costed

3. No private sector’s involvement

4. Largely at national level

1. Five TWGs

2. Costed using WHO Costing Tool

3. Private sector’s involvement

4. Extension to sub-national levels



BMC is one of the 13 hospitals implementing AMS and one of  the 9 hospitals 

implementing AMR Surveillance in Tanzania; and it contributes to 35% to 45% 

of data to the Ministry of Health (NPHL) and WHO-GLASS.

Mdegela et al., 2021 Apr 16;10(4):454. doi: 10.3390/antibiotics10040454. 





Pre-analytical                    Analytic                  Post-analytical

Laboratory procedures and AMR detection



Automated machines for Invitro Antimicrobial Susceptibility Testing

The VITEK® 2 system The BD Phoenix system MALDI-TOF system

Conventional Invitro Antimicrobial Susceptibility Testing

Laboratory procedures and AMR detection



• Free software  primary for 

laboratory-based surveillance of 

infectious diseases and 

antimicrobial resistance:

1. Laboratory configuration

2. WHONET data entry.

3. WHONET data analysis 

(specifically in two parameters)
i. Isolates listings & summaries

ii. %RIS & testing measurements 

(tables versus other infographics)

4. Generation of cumulative 

antibiograms.

• NB: Backlink Software facilitates 
the conversion of data from your 
computer system into WHONET

Laboratory procedures and AMR detection



Bacteria Genotyping and AMR genes detection methods 

Laboratory procedures and AMR detection





• The prevalence was 17.7% (323/1828), with a predominance of Escherichia coli (164/323; 

50.8%), Klebsiella spp. (55/323; 17.0%) and Staphylococcus aureus (28/323; 8.7%).

E. coli resistance profiles by rank of health care facilities



3rd generation cephalosporin resistance in Gram 

Negative Bacteria by sample types and level of 

health care facilities 

• Emphasize a critical need to prepare tier-

specific treatment guidelines
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Hospital-based AMR Surveillance in Mwanza: 

Findings from SNAP-AMR Project 

– A total of 2316 patients 

admitted in 5 hospitals were 

enrolled between June 2019 to 

June 2020

– Blood stream infections : 13.8% 

(148/1075); Skin and soft tissues 

infections: 27.8% (119/428) and 

Urinary tract infections: 21.8% 

(249/1144)

– Approximately 38% to 54% of 

these infections were due to E. 

coli and Klebsiella pneumoniae

complex



National AMR surveillance annual report 

(January – December 2021) 

• From January to December 2021, a total of 30,295  samples were 

recorded in WHONET at the National Public Health Laboratory  from 

9 sentinel sites (versus 8999  samples from July to December 

2020): 

 Male: 15,566 (51.4%)

Children <5y: 10074 (33.3%)

Urine: 13,767 (45.44%)  & Blood: 16,529 (54.6%)

• Of these samples,  1,022 (7.4%) urine samples  and 2,119  (12.8%) blood 

samples were excluded because of repetitions and/or contamination

• The proportion of UTI and BSI were 27.4% and 16.0%, 

respectively



Hospital July – December 2020 January – December 2021

Blood Urine Blood Urine

N % N % N % N %

Bugando 2369 48.9 2317 47.8 5398 37.5 5225 41.5

MNH 857 17.7 1069 22.1 3398 23.6 2060 16.4

KCMC 1271 26.2 751 15.5 3157 21.9 1681 13.4

Mbeya ZRH 99 2.0 221 4.6 722 5.0 682 5.4

MMH-Zanzibar NA NA NA NA 360 2.5 728 5.8

BMH 117 2.4 299 6.2 810 5.6 1255 10.0

Maweni RRH 44 0.9 63 1.3 254 1.8 527 4.2

Temeke RRH 16 0.3 1 0.0 59 0.4 157 1.2

Morogoro RRH 73 1.5 123 2.5 252 1.7 275 2.2

Total 4846 100.0 4844 100.0 14410 100.0 12590 100.0

AMR research and surveillance in Tanzania

Note the difference in the

frequencies of data submitted to

NPHL (above) versus those

validated by WHO-GLASS (left)

Source: Tanzania National Action Plan on AMR (2023-2028)
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Source: Tanzania National Action Plan on AMR (2023-2028)

National Antibiogram for isolates from urine and blood samples 

(January – December 2021)
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Escherichia coli 531 8.6 85 56.7 47.8 53 99 97.6 65.5 46.5 16.6 89

Klebsiella pneumoniae ss. pneumoniae 160 3 81 46.8 41.7 45.7 99.3 98.2 50.4 65.4 23.8 53.5

Acinetobacter sp. 90 40.6 80.8 69.3 68.6 74.4 86.7 83.3 67.5 71.1 49.3 32.9

Pseudomonas aeruginosa 70 7.7 29.2 41.5 44.8 60 63.2 47.3 43.5 8.7 6.1

Klebsiella aerogenes 78 1.5 66.7 31.6 26.3 33.3 97.1 92.3 42.9 41.6 15 57.1

Enterobacter cloacae 31 15.4 80 54.8 51.6 58.1 100 55.2 64.5 25.9 61.3

Gram positive organisms in Urine sample

Enterococcus faecalis 125 37.4 6.3 95.6 60 26.4 11.5 62.1

Staphylococcus aureus ss. aureus 81 50 48.1 29.9 94.3 43.6 16.7 26.2 2.9

Bugando Medical Centre Antibiogram for isolates from urine samples 
(January – December 2021)

KEY: % Susceptible 

≥80% 

50%-79.9% 

1%-49.9% 

Not tested 

Bugando Medical Center AMR & AMS Committee Technical Report., April 2022 



AMR Surveillance on bacteria species causing skin and 

soft tissue infections (SSTI)  at BMC

• SSTI is not part of priority disease in the AMR surveillance in Tanzania, 
its inclusion is critical for holistic patients’ management.

• SSTI AMR surveillance study was conducted at BMC from Jan-June 2023, 
involving 614 patients. Pus samples were collected for culture, 
identification tests and cumulative AST analyzed by WHONET to 
generated antibiograms 

• Most common SSTI types were:

 Surgical site infections (25.7%); Chronic wounds (19.7%), and 
Traumatic wounds (12.4%)

• Laboratory confirmed SSTI was 72.5% (445/614), yielding 586 bacterial 
isolates. 

Bugando Medical Center AMR & AMS Committee Technical Report., April 2022 & Baraka Justine, MSc Dissertation, CUHAS., 2023



SSTIs bacteria antibiograms at BMC

Bugando Medical Center AMR & AMS Committee Technical Report., April 2022 & Baraka Justine, MSc Dissertation, CUHAS., 2023



SSTI AMR phenotypes at BMC

• MRSA (29.4%)

• ESBL (47.3%)

• CarbR (12.94%)

• The overall MDR phenotype

was 51.1%, and was

significantly more among

inpatients [OR (95%CI); p-

value] = 1.86 (1.33-2.59); p-

value<0.001.

• Source ? Source ? Source ?

A critical need for AMR containment through IPC

Bugando Medical Center AMR & AMS Committee Technical Report., April 2022 & Baraka Justine, MSc Dissertation, CUHAS., 2023



Significance of AMR,  AMU & IPC surveillance data in 
Tanzania (1/4): Specific management of patients

Surveillance 

data

National level Hospital level

Patients



ESBL producing gram negative bacteria in the environmental premises in 

Neonatal ICU: SNAP-AMR Project 

Significance of surveillance data in Tanzania (2/4): 
MDR bacteria containment



Significance of surveillance data in Tanzania (3/4): 
Timely detection and containment of outbreaks

• December 2009

• 23 neonates 

• Similar resistant pattern (clonal 
spread!!)

• Mortality 26%

• Enterobacter spp isolated, resistant 
to all 3rd generation 
Cephalosporins

• Sensitive to meropenem. 

PFGE                       Antibiogram patterns



Significance of surveillance data in Tanzania (3/4): 
Timely detection and containment of outbreaks cont...

• ESBL carriage among women: 15% 

(17/113)  and neonates: 25.4% (32/126). 

• The acquisition of ESBL isolates among 

neonates on day 1 was 60.0%

• No phenotypic similarity between ESBL 

strains from women-neonate pair

 Neonatal ESBL-PE sepsis was 

detected in 10.5% (32/304) & 

18% mortality

 Predicted by NICU admission, 

maternal & neonatal ESBL 

colonisation

 Virulent Klebsiella pneumoniae 

ST45 carrying blaCTX-M-15 

implicated

 200 neonatal blood and rectal samples, and 400 environmental 

samples.

 CephR BSI in 55/59 cases

 4/28 positive BSI-rectal pair had similar AST profiles

 Environmental isolates were similar to BSI and carriage isolates



Gram negative bacteria Carbapenem resistant sepsis at BMC 

from 01st to 31st January 2023.
Sno FileNo AccssnDate Age Sex Ward/Clin Bacteria_1 CIPRO TMP-SXT AMIK GENT CRO CAZ MEM CEF TZP

1 302561 06JAN2023 9d F PREM/Ward C2 Acinetobacter baumanii R R R R R R R R NT

2 277322 09 JAN23 4m F Ward E5 Acinetobacter baumanii R R S R R R R R NT

3 3d F Acinetobacter baumanii R R R R R R R R NT

4 305296 13JAN2023 1y M Ward H2/EMD Acinetobacter baumanii R NT S R R R R R NT

5 305276 14JAN2023 3d F PREM/Ward C2 Acinetobacter baumanii R NT S R R R R R NT

6 306700 24JAN2023 1d F Neonatal ICU Klebsiella pneumoniae I R S R R R R R S

7 10y F

Baylor/Paed 

OPD Escherichia coli R R S R R R R R I

8 21d M PREM/Ward C2 Acinetobacter baumanii R S R R R R R R R

9 307558 27JAN2023 2d M Ward H2/EMD Acinetobacter species S R S S R S R S NT

10 307853 29JAN2023 1d M Neonatal ICU Klebsiella pneumoniae R R S R R R I R S

• A total of 24 patients were prescribed meropemen in this period (out of 208 patients 

admitted);  the majority of patients (22/24) had culture tests done

• Half of the patients had co-existing congenital anomalies namely gastroschisis/omphalocele

(n=6), tracheoaesphageal fistula (n=3), spinal bifida (n=2) and others (n=1): dual burden

• Note the confinement of CarbR Klebsiella pneumoniae in NICU versus of CarbR Acinetobacter

baumanii in different wards; and a quarter of patients (6/24) died.

BMC AMR & AMS Committee Technical Report., April 2022; Marando et al., Int J Med Microbiol. 2018 Oct;308(7):803-811. 



Significance of surveillance data in Tanzania (4/4): 
Tracking dominant bacteria genotypes using One-Health 

approach

Global dissemination of E. coli ST131 clone

Nicolas-Chanoine et al., Clin Microbiol Rev 2014, 27(3):543-574.

ST 131 sublineage:

H30-R  or Clade C1

(FQ-R)

ST 131 sublineage:

H30-Rx or Clade C2

(FQ-R & CTX-M-15)  

Associated with UTI & sepsis



Significance of surveillance data in Tanzania (4/4): 
Tracking dominant bacteria genotypes using One-Health 

approach cont......

Seni et al., Zoonoses Public Health. 2018 Feb;65(1):1-10

The global clone E.coli ST131:  

Humans >> Animals

blaCTX-M-15 >75% of 

ESBL strains

A need for strengthening AMR surveillance using One Health approach



Significance of surveillance data in Tanzania (4/4): 
Tracking dominant bacteria genotypes using One-Health 

approach cont……

• All dominant clones of 
extrapathogenic E. coli: 
ST69, ST73, ST95 & ST 
131 were directly 
typed by 7SNP-RT PCR

• Nigeria & Tanzania

• How does this 
compare  to MLST and 
WGS?

Seni et al., Diagn Microbiol Infect Dis. 2018 Sep;92(1):46-49; Seni et al., Eur J Clin Microbiol Infect Dis. 2021 May 19



Significance of surveillance data in Tanzania (4/4): 
Tracking dominant bacteria genotypes using One-Health 

approach cont……

Petty et al., Proc Natl Acad Sci U S A. 2014 Apr 15;111(15):5694-9

MLST & phylogenetic analysis 

of E. coli ST131  clades from 

global collections

Multiplex PCR for E. coli ST131 

clades characterisation in Nigeria 

& Tanzania

Seni et al., Diagn Microbiol Infect Dis. 2018 Sep;92(1):46-49; 

Seni et al., Eur J Clin Microbiol Infect Dis. 2021 May 19

• E. coli ST 131 Clade C1 

(FQ-R)

• E. coli ST 131 Clade C1

(FQ-R & CTX-M-15)



Significance of surveillance data in Tanzania (4/4): 
Tracking dominant bacteria genotypes using One-Health 

approach cont……

• GBS project in pregnant women and cows with 

mastitis in Mwanza, Tanzania:  Feb - June 2021 

 S. agalactiae colonization was 24.5% (214/872) 

among pregnant women, and was higher in HIV+ 

than HIV- [63.1% (70/111) versus 18.9% (144/761)], 

respectively; OR (95% CI)=7.33 (4.77–11.29, p-

value<0.001).

 Bovine mastititis due to S. agalactiae was 22.5% 

(114/505),  and  exotic breed (p-value=0.010) and 

zero-grazing (p-value=0.034) were risk factors

 Isolates were highly sensitive to ampicillin (99.2%-

100%), erythromycin (76.3% to 87.7%) and 

clindamycin (81.6 50 - 84.4%).

• Serotyping/genotyping of these isolates is on-

going to guide future preventive and 

vaccination strategies.

Blood agar

CHROMagarTM StrepB;



Conclusions and Future prospects

• AMR surveillance in Tanzania is progressing well and the contribution of 

BMC is remarkable

• The burden of AMR is associated with negative impacts, and is calling for 

laboratory guided antimicrobial therapies.

• Significant progress has been made in the generation and utilisation of AMR 

surveillance data (human sector > animal sector), we look forward to:

 Extending AMR surveillance to sub-national levels

 Strengthening of AMR surveillance in veterinary sector

 Engagement of private sectors

 Expand the scope of AMR surveillance to include SSTI (apart from existing 

UTI and STI),  and integrate the SSTI AMR surveillance with the DHIS2

(linkage of clinical data with laboratory data!)

 Harnessing the power of genomic AMR surveillance is very critical



Thank you/Asante sana
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