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Objective: There is a paucity of data on antimicrobial resistance (AMR) in Malawi. Here we present a study of AMR 

of extended-spectrum 𝛽-lactamases-producing Enterobacterales (ESBL-E) isolated from hospital and community 

settings in Blantyre, Malawi. 

Design and Methods: A cross-sectional study was conducted between March and November 2020, involving 403 

adult participants aged ≥ 18 years. Screening for ESBL-E was performed using CHROMagar ESBL medium. Pro- 

duction of ESBLs was confirmed by a combination disk test method. Antimicrobial susceptibility was tested using 

the agar disk diffusion method in accordance with the Clinical Laboratory Standards Institute’s 2019 guidelines. 

Results: The mean resistance rate of ESBL-E to antimicrobial agents tested was 49.2% (range from 1.4%–92%). 

The highest resistance rates were observed for trimethoprim-sulfamethoxazole (92%), amoxicillin and ceftriaxone 

(79%), doxycycline (75%) and gentamicin (72%). Carbapenems (meropenem and imipenem) were highly active 

against isolates. The overall rate of multi-drug resistant (MDR) ESBL-E was 47%. The highest MDR was found in 

Yersinia enterocolitica (51%) and the least in Serratia spp. (40%). 

Conclusions: We found a high resistance rate of ESBL-E isolates to antimicrobial agents; the majority were MDR. 

Surveillance systems are recommended to monitor AMR in Malawi. 
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NTRODUCTION 

Extended-spectrum 𝛽-lactamases (ESBLs) are, often plasmid-

ediated, enzymes with hydrolytic power against penicillin,

ephalosporins (except cephamycins) and one or more oxyimino-

-lactams, such as cefotaxime, ceftazidime and aztreonam; ESBLs

re inhibited by clavulanic acid ( Bush and Jacoby, 2010 ; Rawat and

air, 2010 ). ESBLs constitute the most important antimicrobial

esistance (AMR) mechanism of Enterobacterales . ESBL-producing

nterobacterales (ESBL-E) have been recognized by the World Health

rganization as a major public health threat ( Tacconelli et al., 2018 ;

HO, 2017 ). Noting that all clinically significant Enterobacterales are

SBL-producing species, the most common isolates causing hospital

nd community infections are Escherichia coli, Klebsiella pneumo-

iae, Enterobacter spp. and Proteus spp. ( Bitew and Tsige, 2020 ;
∗ Correspondence to: Onduru G. Onduru 

E-mail address: ogyonduru@yahoo.com (O.G. Onduru). 

o  

ttps://doi.org/10.1016/j.ijregi.2021.08.002 

eceived 30 July 2021; Received in revised form 17 August 2021; Accepted 21 Augu

772-7076/© 2021 The Author(s). Published by Elsevier Ltd on behalf of Internation

Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
angoue-Pieboji et al., 2006 ; Ghadiri et al., 2012 ; Moglad, 2020 ;

avala-Cerna et al., 2020 ). Strains of ESBL-E are the most frequent

ause of hospital-acquired infections in the urinary tract, bloodstream

nd surgical site ( Gaynes and Edwards, 2005 ; Musicha et al., 2017 ;

umbarello et al., 2011 ; Zavala-Cerna et al., 2020 ). Members of the

rder Enterobacterales , particularly E. coli carrying CTX-M enzymes,

re an increasingly common cause of community-acquired infections

aused by ESBL-producing bacteria ( Søraas et al., 2013 ) . These bacteria

an develop antibiotic resistance either by de novo mutations or through

obile genetic elements carrying resistant genes ( Roca et al., 2015 ).

oreover, irrational use of antimicrobial agents in humans, animals

nd crop production has been reported as the major factor accelerating

he emergence and dissemination of AMR in bacteria ( Katakweba et al.,

018 ; Marshall and Levy, 2011 ; Roca et al., 2015 ). 

Previous studies have provided evidence of the global variation

f ESBL-E prevalence with the highest rates observed in resource-
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Table 1 

Social-demographic and Clinical Characteristics of the Study Participants 

Characteristics Median (IQR) or n (%) p-value 

Age (years), median(IRQ) 32 (25-42) 0.1 

Sex 0.7 

Male 178 (44%) 

Female 225 (56%) 

Marital status 0.6 

Married or cohabiting 254 (63%) 

Not married 149 (37%) 

Education 0.4 

College or university 18 (4%) 

Secondary 151 (38%) 

Primary 175 (43%) 

No formal education 59 (15%) 

Occupation 0.4 

Employed 101(25%) 

Self-employment/business 101(25%) 

Student 29(7%) 

Unemployed 172(43%) 

Type of specimen 0.006 

Rectal swab 195 (48%) 

Urine 101 (25%) 

Wound swab 107 (27%) 

Type of participant 0.05 

Hospital/inpatients 107(27%) 

Community/outpatients 296(73%) 

Admission days, Median(IQR) 12(6-15) 0.3 

Surgery in the past 3 months 0.02 

Yes 95(24%) 

No 308(76%) 

Prior antibiotic use in the past 3 months 0.1 

Yes 150(37%) 

No 253(64%) 

c  

H  

o  

a  

n  

v  

a  

d  

c

M

S

 

a  

p  

r  

l  

o  

a  

b  

a  

o  

h  

t  

w  

t

S

 

3  

p  

p  

1  

b  

p  

1  

i  

p  

p  

i  

d  

a

B

 

i  

P  

h  

t  

s  

t  

o  

n  

(  

2  

c  

Q  

(

A

 

f  

E  

i  

q  

c  

I  
onstrained countries ( Cantón et al., 2008 ; Coque et al., 2008 ; Jean and

sueh, 2011 ; Reinert et al., 2007 ; Sader et al., 2004 ). However, reports

n AMR profile of ESBL-producing pathogens are limited in Malawi,

nd Blantyre in particular. Because resistance patterns may vary sig-

ificantly between hospital and community settings, understanding this

ariation is important for empirical selection of effective, ESBL-targeted

ntibiotic therapy to improve patient outcomes. Thus our study was con-

ucted to determine AMR profile of ESBL-E isolates from hospital and

ommunity patients in Blantyre, Malawi. 

aterial and methods 

tudy setting and design 

We conducted a cross-sectional study from March to November 2020

t Queen Elizabeth Central Hospital (QECH) (hospital setting) and 3 out-

atient health centres (Limbe, Ndirande and Zingwangwa) selected to

epresent community settings in Blantyre, Malawi. QECH is the second

argest government hospital in Malawi and the affiliate of the University

f Malawi College of Medicine (Currently Kamuzu University of Health

nd Allied Scieces, KUHeS). The hospital has an approximately 1000-

ed capacity and provides free health care to more than 10 000 adults

nd 30 000 children per year ( Musicha et al., 2017 ). The 3 health centres

f Limbe, Ndirande and Zingwangwa were selected from 8 main public

ealth centres that provide outpatient services to the 800 264 + popula-

ion living in urban and peri-urban areas of Blantyre, Malawi; selection

as based on the population distribution and geographical location of

he 3 health centres, which permitted a large patient catchment area. 

tudy subjects and sample collection 

Participants were all adults (aged ≥ 18) attending QECH or any of the

 selected health centres in Blantyre for health services. One type of sam-

le was collected from each admitted (hospital patient) or community

atient (outpatient). Infected wound swab was randomly collected from

07 patients with wound infections admitted to different surgical and
48 
urn wards at QECH. At the 3 health centres, 101 mid-stream urine sam-

les from patients with clinically suspected urinary tract infection and

95 rectal swabs were randomly collected. Outpatients were recruited

nto the study irrespective of the reason for seeking health care. For each

articipant, data on age, sex, education, occupation, prior antibiotic use,

rior surgery and length of hospital stay (admitted) were collected us-

ng a structured questionnaire. The collection of clinical samples was

one by either the study clinician or nurse in the health facilities in

ccordance with standard operating procedures. 

acteria enumeration, identification and confirmation of ESBL production 

Culture of ESBL-E was performed according to the manufacturer’s

nstructions using a selective chromogenic medium (CHROMagar ESBL,

aris, France) and incubated in aerobic conditions at 37°C for 24–48

ours. Identification of ESBL-producing Enterobacterales was made on

he basis of colony morphology and isolated species confirmed using

tandardised biochemical substrate strips according to the manufac-

urer’s instructions (Microbact Gram negative identification system, Ox-

id, UK). ESBL production by the isolates was confirmed by a combi-

ation disk test using MASTDISCS ID ESBL detection disks set D52C

Mast Group Ltd., Merseyside, UK) as reported previously ( Carter et al.,

000 ). The combination disks used were cefotaxime (CTX-30 𝜇g) and

eftazidime (CAZ-30 𝜇g) with and without clavulanic acid (CA-10 𝜇g).

uality control was performed using Klebsiella pneumonia ATCC 700603

ESBL-producing) and E. coli ATCC 25922 (non-ESBL producing). 

ntimicrobial susceptibility testing 

The antimicrobial susceptibility testing (AST) on ESBL-E was per-

ormed using the agar disc diffusion method on a Mueller-Hinton agar.

leven commonly prescribed antimicrobial agents of different classes,

ncluding penicillin, carbapenems, cephalosporins, aminoglycosides and

uinolones, were used. Antimicrobial agent discs used and their con-

entrations, in accordance with the Clinical and Laboratory Standards

nstitute (CLSI) 2019 guidelines, were as follows: amoxicillin (10 𝜇g),
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Table 2 

Distribution of ESBL-E isolates (n = 73) by Type of Clinical Specimen and Settings 

ESBL-E Settings Clinical specimen Total (%) 

Hospital Community Rectal swab Urine Wound swab 

C. freundii 1 0 0 0 1 1 (1) 

Enterobacter spp 2 3 2 1 2 5 (7) 

Escherichia coli 5 33 29 4 5 38 (52) 

Klebsiella spp 9 4 4 0 9 13 (18) 

M. morganii 1 0 0 0 1 1 (1) 

P. mirabilis 2 0 0 0 2 2 (3) 

Providencia spp 1 1 0 1 1 2 (3) 

Serratia spp 3 2 0 2 3 5 (7) 

S. sonnei 0 1 1 0 0 1 (1) 

Y. enterocolitica 2 3 3 0 2 5 (7) 

Total (%) 26(36) 47(64) 39(53) 8(11) 26(36) 73 (100) 
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efepime (30 𝜇g), ceftriaxone (30 𝜇g), trimethoprim-sulfamethoxazole

2/25 𝜇g), meropenem (10 𝜇g), imipenem (10 𝜇g), amikacin (30 𝜇g),

entamicin (10 𝜇g), nitrofurantoin (300 𝜇g), doxycycline (30 𝜇g) and

iprofloxacin (5 𝜇g). Briefly, inoculum was suspended in 0.9% nor-

al saline and the turbidity adjusted equivalent to 0.5 McFarland stan-

ard corresponding to approximately 1.5 × 10 8 CFU/mL. Using a sterile

ipette, 20 𝜇l of bacteria suspension was dispensed onto a Mueller Hin-

on agar plate, spread evenly using a sterile plate spreader and allowed

o dry. Antimicrobial agent disks were then placed on an agar plate us-

ng a disk dispenser. Plates were then inverted and incubated at 37°C

vernight. The zones of bacterial growth inhibition around each antimi-

robial drug were measured to the nearest millimetre using a ruler and

he size of the zone of inhibition interpreted according to the criteria

ecommended by CLSI of 2019. 

ata analysis 

Data obtained were entered and cleaned in Microsoft Excel and ex-

orted to STATA version 12.0 (Stata Corp LP, College Station, USA) for

tatistical analysis. Descriptive summary statistics were determined as

requencies and proportions for categorical variables and median (in-

erquartile range [IQR]) for continuous variables. To compare the dif-

erences between groups, Chi-square and Fisher’s exact test (where ap-
Figure 1. Antimicrobial resistance and su

Key: 

AM Amoxicillin 

CIP Ciprofloxacin 

CRO Ceftriaxone 

DXT Doxycycline 

GM Gentamicin 

TS Trimethoprim-Sulfamethoxaz

49 
licable) and Student’s t- test were used for analysis of dichotomous and

ontinuous variables, respectively. A P -value of < 0.05 was considered

ignificant. 

esults and discussion 

ocial-demographic and clinical characteristics 

A total of 403 adult patients were recruited in the study. Sociodemo-

raphic and clinical characteristics of study participants are presented in

able 1 . The median age of participants was 32 years (IQR 25–42; range

8–90 years), and the male to female ratio was 1:1.3. The majority were

ommunity participants (73%), 64% were married or cohabiting, 43%

ad primary education and 43% were unemployed. Most participants

ad no history of surgery (76%), and 64% had not used antibiotics in

he past 3 months. 

istribution of ESBL-E isolated by clinical specimen and setting 

From the 403 samples, 73 (18%, 95% CI = 14%–22%) ESBL-E were

solated and tested for antimicrobial susceptibility. The distribution of

SBL-E isolates by clinical specimen and study setting is presented in

able 2 . Of the 73 ESBL-E isolates, the majority were isolated from com-
sceptibility pattern of ESBL isolates 

AMK Amikacin 

CPM Cefepime 

IMI Imipenem 

MEM Meropenem 

NI Nitrofurantion 

ole 
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Figure 2. MDR resistance patterns of most common isolated ESBL-E species to different antimicrobial agents (n ˃2) 

Key: 

AM Amoxycillin AMK Amikacin 

CIP Ciprofloxacin CPM Cefepime 

CRO Ceftriaxone IMI Imipenem 

DXT Doxycycline MEM Meropenem 

GM Gentamicin NI Nitrofurantoin 

TS Trimethoprim-Sulfamethoxazole 
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unity patients and rectal swabs; 64% (n = 47) and 53% (n = 39), respec-

ively. The difference between carriage of ESBL-E in community and

ospital patients was statistically significant ( P = 0.05). Further, the type

f clinical specimen and surgery performed in the past 3 months was

ignificantly associated with the presence of ESBL P = 0.006 and P = 0.02,

espectively ( Table 1 ). E. coli was the most predominant ESBL-E iso-

ated in community settings (70%, 33/47) and Klebsiella spp. was the

ost frequent isolated bacteria in hospital settings (35%, 9 of 26). E.

oli accounted for 74% (29/39) and 50% (4/8) of isolates from rectal

wab and urine, respectively, while 35% (9/26) of wound swab isolates

ere Klebsiella spp . 

ntimicrobial susceptibility testing patterns of ESBL-E isolates 

The average rate of resistance (mean ± SD) to antimicrobial agents

ested was 49.2 ( ± 33.7) (range 1.4%–92%), Figure 1 . The highest resis-

ance rate of all ESBL-E was found in trimethoprim-sulfamethoxazole
50 
92%) followed by amoxicillin and ceftriaxone (79%), doxycycline

75%) and gentamicin (72%). The high level of resistance against

rimethoprim-sulfamethoxazole, ceftriaxone, amoxicillin, doxycycline

nd gentamicin observed in this study are comparable with find-

ngs of previous studies. In the past, high rates of resistance have

een observed for amoxicillin (87%), piperacillin (74%) and trimetho-

rim/sulfamethoxazole (73%) ( Gangoue-Pieboji et al., 2006 ). In addi-

ion, our results confirm the high resistance reported previously for co-

rimoxazole, amoxicillin, gentamicin, chloramphenicol and ceftazidime

n the same setting ( Gray et al., 2006 ). In Africa, and Malawi in particu-

ar, trimethoprim-sulfamethoxazole, amoxicillin, ceftriaxone and doxy-

ycline are extensively used. They are available at an affordable cost

ver the counter even though they are prescription-only medicines, pos-

ibly explaining their high resistance rates. 

We found the highest antimicrobial susceptibility rate of ESBL-E

solates was to carbapenems; on average, meropenem was 93% active

gainst isolates and imipenem was 91% active. The average rate of
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ntimicrobial susceptibility of all isolates to aminoglycosides was rel-

tively high compared with cephalosporins and quinolones. All isolates

ere 85% susceptible to amikacin compared with 50% susceptibility

o cefepime and 34% to ciprofloxacin ( Figure 1 ). When comparing the

usceptibility of different species to antimicrobials, we found that E.

oli, Klebsiella spp., Serratia spp. and Yersinia enterocolitica were 100%

usceptible to imipenem. For Meropenem, E. coli and Serratia spp. were

00% susceptible, Klebsiella spp. was 92% susceptible, and Y. enterocolit-

ca was 80% susceptible ( figure 2 ). Amikacin was 100% active against Y.

nterocolitica , 84% active against E. coli, 80% active against Enterobacter

pp. and Serratia spp., and 77% active against Klebsiella spp. ( Figure 2 ).

ur findings are consistent with a study that found a 40%–100% sus-

eptibility rate of ESBL-E to carbapenems ( Gangoue-Pieboji et al., 2006 ;

hadiri et al., 2012 ). Because carbapenems are currently the last drugs

f choice to treat infections caused by ESBL-producing pathogens and

re not readily available in Malawi, the higher susceptibility of ESBL-

 isolates to carbapenems found in this study was predictable. Never-

heless, further investigation is required to elucidate carbapenem resis-

ance rates among ESBL-E isolates in the same setting to provide a clear

verview. 

ulti-drug resistance patterns of the most common isolated ESBL-E species 

o different antimicrobial agents 

In our study, there was a high prevalence of multi-drug resistance

MDR) in ESBL-E. The highest MDR was found in E. coli and the least

n Serratia spp. E. coli was 89% resistant to ceftriaxone, trimethoprim-

ulfamethoxazole (87%), amoxicillin (81%), doxycycline (79%), gen-

amicin (76%) and ciprofloxacin (63%). All Klebsiella spp. were resis-

ant to trimethoprim-sulfamethoxazole, 84% to amoxicillin and 75% to

oxycycline. MDR profile of ESBL-E isolates is presented in Figure 2 . The

igh prevalence of MDR in clinical isolates of Enterobacterales has been

eported previously ( Malik and Elhag, 2019 ; Zavala-Cerna et al., 2020 ).

ne possible explanation for the high MDR rates found in the present

tudy could be that all bacteria spp. subjected to AST were ESBL pro-

ucers, which may confer resistance to a wide range of antimicrobial

gents. The extensive use of amoxycillin, ampicillin and ceftriaxone in

alawi as the only cephalosporins available in the past could explain

he development of resistance against these drugs ( Gray et al., 2006 ). 

imitations 

Our study could have overestimated the resistance rates of ESBL-E

ecause it was conducted in a single Malawian city and the number of

SBL-E was not large enough to represent the epidemiology of ESBLs

n the country as a whole. Nevertheless, the method used to phenotyp-

cally screen and confirm ESBL producers in this study could increase

he accuracy and discriminatory power for detecting ESBL bacteria. 

onclusions 

We found a high rate of resistance against antimicrobial agents

ested. The majority of ESBL-Es were MDR. We recommend routine AST

esting and screening for ESBLs to guide patient management and that

 surveillance system is put in place to monitor AMR in Malawi. 
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