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We do not know, 
as there isn´t enough data yet, 
but I am not optimistic

Did the COVID-19 pandemic increased antimicrobial
resistance (AMR) burden ?



AMR 
in EU/EEA

▪ No large changes in AMR percentages at EU/EEA level in EARS-Net in 2020. 

▪ For E. coli, there was a larger decrease in the percentages of resistance to aminopenicillins and third-
generation cephalosporins in 2020 than for each year during the period 2016−2019. 

▪ For S. aureus, a decrease in the percentage of MRSA isolates was reported during 2016−2020.
▪ A decreasing trend during 2016−2020 for the percentage of macrolide resistance in S. pneumoniae. 

▪ For a few other bacterial species–antimicrobial group combinations, there were large increases in AMR 
percentages between 2019 and 2020, although an increasing trend during 2016–2020 was reported only for 
carbapenem resistance in K. pneumoniae. 

▪ Almost ¼ of EU/EEA countries reported carbapenem resistance percentages above 10% in K. pneumoniae.
▪ Carbapenem resistance also common in P. aeruginosa and Acinetobacter spp., at a higher % than in Kp. 
▪ Mean % of vancomycin-resistant isolates of E. faecium, increased from 11.6% in 2016 to 16.8% in 2020.
▪ The reported AMR percentages varied widely among countries, with a north-to-south and west-to-east 

gradient evident. There was no distinct geographical pattern for vancomycin-resistant E. faecium.



MDR pathogens in COVID-19 patients?
Systematic review and meta-analysis of the first 18 months of the pandemic 
to quantify resistant co-infecting organisms in patients with COVID-19 

▪ A total of 1959 unique isolates were identified with 29% resistant organisms identified. 

▪ Co-infection with resistant bacterial or fungal organisms ranged from 0.2 to 100% among included studies. 
▪ Pooled prevalence of co-infection with resistant bacterial and fungal organisms was 24% (95% CI 8–40%) and 0.3% (95% CI 

0.1–0.6%), respectively. 
▪ Among MDR organisms, methicillin-resistant Staphylococcus aureus, carbapenem-resistant Acinetobacter baumannii, 

Klebsiella pneumoniae, Pseudomonas aeruginosa and multi-drug resistant Candida auris were most commonly reported. 
▪ Higher proportions of AMR outside of Europe and in ICU settings, though these results were not statistically signifcant. 

Kariyawasam RM, et al. Antimicrobials Resistance & Infection Control 2022; 11:45



The main determinant of AMR is
antimicrobial consumption (AMC)

What happened with AMC?



Consumption of antibiotics in the community
Portugal and EU/EEA average 2011-2020
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Quinolone consumption in the community
Portugal and EU/EEA average 2011-2020
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Antibiotic consumption in hospitals 2011-2020
Portugal and EU/EEA average
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Carbapenem consumption in hospitals
Portugal and EU/EEA average, 2011-2020
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“In 2020, consumption of 
carbapenems was 0.05 DDD 
per 1 000 inhabitants per day. 
Between 2011 and 2020, the 
EU/EEA population-weighted 
mean consumption of 
carbapenems showed a 
statistically significant 
increase. During the period 
2011−2020, a statistically 
significant increase was 
observed for 11 countries 
(Bulgaria, Croatia, Estonia, 
Greece, Hungary, Ireland, Italy, 
Latvia, Lithuania, Poland, 
Slovakia), and a statistically 
decreasing trend was 
observed in five countries 
(Belgium, Finland, Norway, 
Portugal and Slovenia)”



Antibiotics 2021, 10: 778. 
https://doi.org/10.3390/antibiotics10070778

▪ A retrospective before-and-after study in all Centro 
Hospitalar Universitário São João. 

▪ Descriptive statistics of discharges, patient-days, and 
antimicrobial use indicators (DDD/100 discharges, 
DDD/100 patient-days) were calculated for the first 
three months of the pandemic as a quarterly value, and 
for each year in 2011–2019, and their annual 
percentage changes were used to estimate 95% CI. 

▪ Statistically significant increases occurred in 2020 for 
total antibacterials, macrolides, cephalosporins, 
amoxicillin/clavulanic acid, carbapenems, meropenem, 
and third-generation cephalosporins, while a reduction
was seen in cefazolin/cefoxitin.



▪ In 2020, a totally different case-mix
▪ Unlike pre-pandemic years, there was a different impact 

in DDD/100 discharges and DDD/100 patient-days, due 
to increased LOS and longer antimicrobial therapy

▪ This highlights the need to use both indicators 
simultaneously to better understand the causes of 
antimicrobial consumption variation and improve the 
design of effective AMS interventions

Antibiotics 2021, 10: 778. https://doi.org/10.3390/antibiotics10070778In red, DDD/100 discharges and In green, DDD/100 patient-days



Antibiotic consumpion CHUSJ 2020-2021



• In a review of literature, only up to 8% patients were reported as experiencing 
bacterial/fungal co-infection during hospital admission. 

• 72% of patients reported as having received antimicrobial therapy, despite a paucity 
of evidence for bacterial coinfection.

• No antimicrobial stewardship interventions were described. 
Getahun H et al. Bull WHO 2020;98:442—442A. https://doi.org/10.2471/BLT.20.268573

Rawson TM et al., Clin. Infect. Dis. 2020. https://doi.org/10.1093/cid/ciaa530

• COVID-19 patients receiving antimicrobial therapy in different papers: 66,7% (Milan), 
80% (Barcelona), 95% (Wuhan).

Vidal CG et al. Clin. Microbiol. Infect., 2021; 27: 83-88
F. Zhou et al., Lancet, 2020; 395: 1054

COVID-19: First wave Alhazzani W, et al. Surviving Sepsis Campaign: guidelines on the
management of critically ill adults with Coronavirus Disease 2019. 
Intensive Care Med. 2020; 46: 854–87

https://doi.org/10.2471/BLT.20.268573


• 731 patients: a secondary infection was diagnosed in 9.3%
• 7.9% had at least one BSI and 3.0% at least one pLRTI. 
• The overall 28-day cumulative incidence of secondary 

infections was 16.4% (95%CI 12.4-21.0%). 
• Most of the BSIs were due to Gram-positive pathogens 

(71.7%), more than half of them CNS, LRTIs were caused 
mainly by Gram-negative pathogens (53.8%). 

• Eleven patients were diagnosed with putative invasive 
aspergillosis. 

• At multivariable analysis, early need for ICU, respiratory 
failure, and severe lymphopenia were risk factors for 
secondary infections. 

Ripa M, et al. Clin. Microbiol. Inf. 2021; 27(3): 451-457.
doi: 10.1016/j.cmi.2020.10.021



▪ Secondary bacterial/fungal infections following COVID-19 were more prevalent than 
coinfection and often leading to poorer patient outcomes and longer hospitalizations

Marco Ripa et al., Clin Microbiol Infect  2021; 27(3):451-457
MA Hendaus, et al. J Biomol Strct Dyn 2021; 39:4185-4191

Kathleen McMullen et al. Am J Infect Control 2020; 48: 1409-11

▪ The use of immunosuppressive drugs – ex. dexamethasone and tocilizumab – has 
increased the incidence of secondary infections, and led to further use of antibiotics.

▪ Strong selective pressure on bacterial pathogens, leading to an increased rate of 
severe secondary infections caused by drug-resistant pathogens

COVID-19: 2nd-3rd waves

▪ Moreover, an exponential growth in biocide use worldwide occurred.



But then, it is not just a problem of antimicrobial use 
and its metrics/indicators

It is a problem of an increased incidence of HAI



ICU patients with COVID-19 are at higher risk of developing 
infectious complications during their ICU stay 
• Viral respiratory diseases predispose to secondary respiratory infections

• COVID-19 patients frequently develop multiple organ failure with need for long duration of mechanical 
ventilation, vasopressors, RRT and, in some cases, ECMO, leading to long ICU stay

• COVID19 per se is associated with significant dysfunction of the patient’s immune system - both innate 
and acquired immunity: reduction in both CD4+ T and CD8+ T lymphocyte counts, reduction in IFN-γ 
serum concentrations, excess pro-inflammatory cytokines, inhibition of NK cells and cytotoxic 
lymphocytes and morphological and phenotypical alterations of monocytes 

• Treatment with systemic corticosteroids, cytokine inhibitors, JAK inhibitors or complement inhibitors 

• Increased use of femoral lines for central access (safer, easier, RRT)

• Prone positioning (pulling, tugging and friction at central line insertion sites and less visualization of the 
insertion site for BSI and worse mouth hygiene and more microaspiration)

Grasselli et al. Crit Care 2021; 25: 317
Schimdt M et al. Intensive Care Med. 2021; 47: 60–73

Zheng M et al. Cell Mol Immunol. 2020; 17: 533–5



Grasselli et al. Crit Care 2021; 25:317

Studies describing secondary infections in patients with COVID-19

• A multicenter, observational trial conducted in several European countries 
• 4244 critically ill COVID-19 patients 
• Most with prolonged IMV, high incidence of ARDS,  frequent immunossupressive drugs (37,3% on steroids)

• The incidence of VAP in intubated patients was 58%
Schmidt M, et al. Intensive Care Med. 2021; 47: 60–73



Not only VAP; BSI was frequent

• Cumulative risk of developing an episode of BSI of nearly 25% after 15 days of ICU stay and 
higher than 50% after 30 days. 

• Treatment with tocilizumab or with methylprednisolone was independently associated 
with the development of BSI. 

Buetti N, et al. For the OUTCOMEREA network. Intensive Care Med. 2021; 47: 180–7

• A case control study comparing BSIs in 235 COVID-19 and 235 non-COVID 19 ICU patients 
• Incidences of 14.9% and 3.4%, respectively. 
• In patients infected with SARS-CoV-2, BSIs occurred a median of 12 days after ICU 

admission. 
• A significant increase in the risk of BSIs, in COVID-19 patients treated with tocilizumab or 

anakinra

Giacobbe DR, et al. Eur J Clin Invest. 2020; 50: e13319



And also fungal infections

• Candida BSI

• Candida auris

• Aspergillosis > CAPA



HAI Net ICU
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▪ 104 patients admitted to the main ICU of the 
Umberto I hospital of Rome, from March 1st 
and April 4th 2020 were compared with 
patients hospitalized in 2019. 

▪ 59 HAIs were recorded, 32 of which occurred 
in the COVID19 group. 

▪ Patients admitted in 2020 were found to be 
positively associated with both HAI and dr-
HAI onset (SHR: 2.66, 95% CI 1.31–5.38, and 
SHR: 10.0, respectively).

▪ A greater proportion of dr-HAIs seemed to 
occur in COVID-19 patients, especially VAP and 
CAUTI, but this was not statistically significant. 

▪ Increase in the incidence of HAIs and dr-
HAIs in 2020, for both populations



But then, it is not just a problem of AMC 
and higher incidence of HAI, 
which real burden has yet to be quantified…

Organizational issues may be a strong determinant



Hand higyene



Organizational issues are relevant

• More tasks during each visit to the room and fatigue 
during these care visits could lead to rushing through 
important time-critical tasks

• Although hand hygiene at the end of care during PPE 
removal was very much complied with, hand hygiene 
needs will be increased, and easier to miss, during those 
long episodes of patient care that have been batched into 
many tasks at one visit 

• Large number of patients
• Use of ward areas converted into ICUs
• Need to pull support staff from noncritical care areas 

where experience with prevention practices may be lower
• Exhaustion and burn-out

Adapted from Kathleen McMullen et al. Am J Infect Control 2020; 48: 1409-11



COVID-19 surges adversely impact HAI rates and 
clusters of infections within hospitals

Meghan Baker et al. CID 2021.
doi: 10.1093/cid/ciab688

▪ In 148 HCA hospitals, 3/1/2020-9/30/2020, and a subset of 
hospitals with microbiology and cluster data through 
12/31/2020, the association between COVID-19 surges and 
HAIs, hospital-onset pathogens, and cluster rates were 
evaluated, using negative binomial mixed models. 

▪ CLABSI, CAUTI and MRSA bacteremia increased as COVID-19 
burden increased. 

▪ There were 60% (95% CI, 23-108%) more CLABSI, 43% (95% CI, 
8-90%) more CAUTI, and 44% (95% CI, 10-88%) more cases of 
MRSA bacteremia than expected over 7 months based on 
predicted HAIs had there not been COVID-19 cases. 

▪ Clostridioides difficile infection was not significantly associated 
with COVID-19 burden. 

▪ Rates of BSI and MDR organisms - MRSA, VRE and MDR GNB -
were each significantly associated with COVID-19 surges. 

▪ Clusters of hospital-onset pathogens increased as the COVID-19 

burden increased, suggesting increased healthcare-
associated transmission as one possible mechanism to 
account for increases in HAI



A global crash of AMS programmes

“AMS has become a casualty of the COVID-19 pandemic for various reasons. AMS programmes will have been 
disrupted by the far-reaching changes in clinical service delivery during the pandemic, whilst other contributory 
factors include disruption to global antibiotic supply chains and a tendency to over-treat hospitalised COVID-19 
patients with antibiotics (sometimes repurposing antibiotics such as azithromycin as anti-viral drugs).”

Chris Lynch et al. J Hosp Infect 2020; 106: 401-403



AMS in the hospital setting, in Portugal, in 2020

16%

28%56%

Has the hospital an AMS 
as defined in the Decree 15423/2013?

Yes, acting in less than
50% of the services

No

Yes, acting in at least
50% of the services

72%



UPCIRA Team CHUSJ
ECCMID 2022; 

Abstract number: 04199

Antibiotic consumption Days with antibiotic (%) Carbapenem consumption

ASP departments Non-ASP departments * ICU and COVID-19 patients excluded

Impact of antimicrobial stewardship programs suspension 
on antibiotic consumption after COVID-19: 
an interrupted time series analysis

▪ ASP withdrawal is associated with increased antimicrobial
consumption, with a potential long-lasting impact



But then, it is not just a problem of AMC 
and higher incidence of HAI, 
and of organizational problems posed by the pandemic

The context and the culture may be strong determinants



The context –
COVID-19 just reveals and emphasizes

• Current experience suggesting that secondary infections in COVID-19 patients 
are likely to reflect local microbiology and resistance patterns.

• And that services in which lack of alignement between microbiological diagnosis 
and antimicrobial use  existed saw the problem magnified by limitations in safe 
sampling methods and heavy work load, during the pandemic

• It is currently unknown whether new or evolving antibiotic resistance in areas 
with low previous rates will emerge in COVID-19 patients

• This should be assessed in retrospective and prospective clinical and 
microbiology studies.

J Rodriguez-Bano et al. Trans R Soc Trop Med Hyg 2021; 115: 1122–1129
Cantón R, et al. Curr Opin Crit Care. 2020; 26(5): 433–41 

Porretta AD, et al. Pathogens 2020; 9(8): E635



Did the COVID-19 pandemic
increase antimicrobial resistance (AMR) burden ?



- An estimated 4·95 million (3·62–6·57) 
deaths associated with bacterial AMR in 
2019, including 1·27 million (95% UI 0·911–
1·71) deaths attributable to bacterial AMR

- Bacterial AMR is a health problem whose 
magnitude is at least as large as major 
diseases such as HIV and malaria, and 
potentially much larger. 

- Bacterial AMR is a problem in all regions; in 
2019, the highest rates of AMR burden were 
in sub-Saharan Africa. 

Methods: We estimated deaths and disability-adjusted life-years (DALYs) attributable to and associated with bacterial AMR 
for 23 pathogens and 88 pathogen–drug combinations in 204 countries and territories in 2019. We obtained data from 
systematic literature reviews, hospital systems, surveillance systems, and other sources, covering 471 million individual 
records or isolates and 7585 study-location-years. We used predictive statistical modelling to produce estimates of AMR 
burden for all locations, including for locations with no data. 

Antimicrobial Resistance Collaborators. Lancet 2022. https://doi.org/10.1016/S0140-6736(21)02724-0



- Six pathogens accounted for 73·4% (66·9–78·8%) of deaths attributable to bacterial AMR. 

- Seven pathogen–drug combinations each caused more than 50,000 deaths, highlighting the 
importance of developing policies that specifically target the deadliest pathogen–drug 
combinations.

Antimicrobial Resistance Collaborators Lancet 2022. https://doi.org/10.1016/S0140-6736(21)02724-0
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We do not know, as there isn´t enough data yet, 
but COVID-19 pandemic pushed Intensive Care Medicine to their limits
in terms of organizational challenge and human resources work load,
and AMC seem to have incresead, namely due to an increased rate of HAI,
caused by difficult-to-treat pathogens, 
both in COVID-19 and non-COVID-19 criticaly ill patients.

Did the COVID-19 pandemic increased antimicrobial
resistance (AMR) burden ?

The impact of all this, in contexts with different cultures and rates of AMR resistance, 
is yet to be studied and unveiled.

The time to act is now! There is no time lo lose. 
Because later may be too late and because now we have the right momentum.



“If history repeats itself
and the unexpected always happens, 
how incapable must Man be
of learning from experience”

George Bernard Shaw (1856-1950)

“We do not learn from experience….                                      
we learn from reflecting on experience”

John Dewey (1859-1952)



The time to act is now !
Seize the moment!

Central PPCIRA



Reducing hospital infections
STOP-Hospital Infection 2.0 ! 

2022-2025



Acting on long-term care facilities: ITUCCI

▪ Reducing urinary tract
infections (UTI) in residents of
LTC facilities

▪ Reducing the overdiagnosis of
UTI

▪ Reducing antibiotic use
▪ Reducing selection of MDR 

bacteria





Citizen’s literacy



Finantial incentive 
Top leadership commitment

PPCIRA Quality Score 
Bonus to the income of hospitals
associated with quality performance in 
terms of:
- PPCIRA and ASP structures
- Adherence and implementation of

guidelines
- Adherence to epidemiological

surveillance
- Improvement in  incidence of HCAI, 

antimicrobial consumption and
antimicrobial resistance





The time to act is now !
Seize the moment!

Local PPCIRA



All crisis reveal…..

▪ GCL-PPCIRA have never been so needed, empowered and respected

▪ And never before had they a better and so profound knowledge of
the hospital and the services

▪ Please, leverage on that



Service B

Service A

Service C

Service D

Service F

Service G

Service E

GCL-PPCIRA
Administration

Council

Microbiology Lab

Quality and
Safety Unit

C

C

C

C

C

C
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Engage the Service – establish a contract

booster

Hospital 
Pharmacy



Analyze the local (service) system

• Investigate habitual behaviour as a first step to changing it

• Understanding as a prerequisite for change

• Working with the environment, versus working against

• Customize

Charani E, et al. Clin Infect Dis. 2013;57(2):188-96

• Focus on better, not on less, therapy

• Need of buy-in by the service

• It’s all about QUALITY

• Acknowledge and respect clinician´s fear
of risking inappropriate therapy

• Understand that fear and ignorance are 
different drivers

QUA
LITY

EFFICIENCY

EFFECTIVE

NESS

SAFETY

EQUITY

TIMELINESS

PATIENT 

CENTEREDNESS



Time to act is now! Our ten commandments
1. Analyse data on HAI/AMC/AMR during COVID-19 pandemic, in different AMR contexts

2. Implement admission triage tools for the early identification of patients colonised or infected with high risk
or emergent MDR microorganisms

3. Improve infection control practices, limiting disease spread and microorganism transmission

4. Recognize diagnosis as the key step and promote faster and accurate microbiological diagnosis, to attain
better antibiotherapy decison algorithms and tailoring of anti-infective therapy

5. Ressuscitate and reinforce AMS, focusing on the individual patient, using enabling strategies and trying to 
change the prescriber and not only the precription

6. Put surveillance (HAI/AMC/AMR) into your daily practice, making it easier and allowing a continuos
collaborative quality improvement mantra

7. Go from quantitative indicators to qualitative indicators of antibiotic consumption

8. Continue public and political engagement on infectious diseases – maintain science and policy collaboration

9. Promote AMR research, using COVID-19 networks – AI and ML serving implementation research, but avoid 
“publish or perish” and “report or perish”

10. Balance COVID-19 related demands with routine hospital infection prevention, merging the two processes 
and promoting preparedness as opposed to response - Adaptability



Share between GCL-PPCIRA and innovate

• Share experiences

• Analyses blockers

• Discuss solutions and interventions

• Bias towards innovation

And make it a collaborative


