Molecular evaluation of Carbapenem-resistant Enterobacteriaceae
epidemics in aquatic ecosystems across diverse geographical
locations and climatic conditions
during/post COVID-19 pandemic
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Background
During this time of global concern due to different
epidemics and climate change, research and actions are
very essential to the prevention and eradication of
diseases affecting human health. Before the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV2), which causes COVID-19 disease, one of the greatest
concerns is the infections caused by multidrug-resistant
gram-negative bacteria (MDR-GNB), which are
increasingly being reported worldwide. The COVID-19
pandemic, on the other hand, is causing the world to
consume more antibiotics, which may result in the
emergence of MDR-GNB, a grave and major global
health threat. It is alarming in developing countries such
as Sub-Saharan Africa and South Asia, where the
population is self-medicating using antibiotics to treat
symptoms
and
prevent
COVID-19
eventually.
Consequently, there is in fact, the increasing
dissemination and emergence of antimicrobial resistance
(AMR). In this context, this research explores the
prevalence of MDR-GNB harbouring carbapenemase in
clinical settings and their dissemination into the aquatic
ecosystems according to the climatic conditions
(temperate/tropical) and COVID-19 pandemic evolution.

How do urban and hospital effluents affects emerging contaminant spread river settings?
Objectives
This research explores: (i) the prevalence of MDR-GNB harbouring carbapenemases (KPC, NDM, and OXA-48 like) in the hospital (HUG) and
communal effluents, wastewater treatment plant (WWTP) and their dissemination in to the aquatic ecosystems, (ii) characterize their
phenotypic and genotypic resistant patterns to antibiotics that are routinely used in treatment and prophylaxis, (iii) provide insight on antibiotic
residue, antibiotic resistance genes, mobile genetic elements (MGEs) and pathogens discharged into the aquatic ecosystems, and (iv) assess
the clonal relatedness of MDR-GNB and MGEs isolated from the same species over the period of time.
We aim also to build a strong network of stakeholders, and scientists with environmental and medical sciences background in studied
countries (Switzerland and RD Congo). This project integrates both clinical and environmental settings to describe the epidemiology of MDRGNB to give novel insights on significant carbapenem resistant GNB according to the climatic conditions (temperate/tropical) and the degree of
development of countries (developed/developing countries).

Study site – Material & Methods

Sampling of hospital and communal effluents in Geneva, Switzerland

Target
genes
blaKPC

Primer

Sequences (5'-3')

blaKPC F
blaKPC R

CGT CTA GTT CTG CTG TCT TG
CTT GTC ATC CTT GTT AGG CG

blaNDM-1

blaNDM-1 F
blaNDM-1R

GGT TTG GCG ATC TGG TTT TC
CGG AAT GGC TCA TCA CGA TC

blaOXA 48

bla OXA 48 F
bla OXA 48 R

GCG TGG TTA AGG ATG AAC AC
CAT CAA GTT CAA CCC AAC CG

blaVIM F
blaVIM R

GAT GGT GTT TGG TCG CAT A
CGA ATG CGC AGC ACC AG

blaVIM

Results part 1: Prevalence of ESBL, CRE and XDR in
Geneva effluent (A. before treatment and B. after treatment).
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Results part 2: Isolates carrying carbapenemase genes identified
between before COVID-19 pandemic (in 2018) from Geneva hospital
effluents (HUG), communal, WWTP and river water samples.
No. (%) with
No of
organisms
isolates
carrying
Location
sampling tested carbapenemases
HUG
20.12.2017 35
7 (20)
HUG
17.01.2018 30
8 (26)
HUG
14.02.2018 39
13 (33)
WWTP(Inlet) 4.09.2017 30
3 (10)
WWTP (out) 4.09.2017 23
1 (4.3)
WWTP(Inlet) 18.10.2017 30
1 (3.3)
WWTP (out) 18.10.2017 25
0
WWTP(Inlet) 15.11.2017 30
1 (3.3)
WWTP (out) 15.11.2017 20
0
River
26.10.2017 17
1 (5)
River
15.11.2017 25
1 (4)
Communal
05.10.2017 40
5 (12.5)
Communal
20.11.2017 38
3 (7.89)
Communal
18.12.2017 40
2 (5)

Results part 3: Isolates carrying carbapenemase genes identified
between before and post COVID-19 pandemic in Congo hospital
effluents and sediments from river receiving systems.

Ammplicon Tm (°C)
length (bp)

Psedomonas
E.coli spp
1
1
1
2
2
4
2
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
0
1
0

Other Enterobacteriaceae (Including
Klebsiella pneumoniae)
5
5
7
1
0
1
0
1
0
1
0
3
2
1

Conclusion
Hospital and urban effluents are considered as main sources of Pathogen multiresistances, MDR-GNB
harbouring carbapenemases (KPC, NDM, and OXA-48) and ARGs (blaCTX-M and blaSHV), carbapenem
resistance (blaVIM, blaIMP, blaKPC, blaOXA-48 and blaNDM) dissemination in aquatic environment under
tropical and temperate climatic conditions before and post COVID-19. Our ongoing preliminary results
indicate that COVID-19 pandemic didn’t have any effects on environmental dissemination of pathogens,
ARBs and ARGs in a developing country under tropical conditions.
Our ongoing study is performing to quantify and correlate SARS-CoV-2 virus with ARBs and ARGs in
Geneva hospital effluents (HUG), communal, WWTP and river water samples after COVID-19 pandemic.

Reference: https://www.unige.ch/mbiolenv/en/publications
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