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Background: The dual burden of road traffic accidents and antimicrobial resistance in ortho-
paedic infections is challenging already strained health-care systems. Limited information exists 
in Tanzania on antimicrobial resistance surveillance to delineate the potential sources of multi- 
drug-resistant bacteria for specific mitigation strategies among orthopaedic patients.
Methods: A longitudinal study was conducted at Bugando Medical Centre in Mwanza city 
between January and May 2020. It involved the collection of rectal swabs/stools, hand swabs, and 
environmental sampling to identify extended-spectrum beta-lactamase (ESBL)-producing gram- 
negative bacteria. Participants’ data were collected using a structured questionnaire and analysed to 
determine factors associated with ESBL colonization among index orthopaedic patients and 
correlates with other ESBL sources using OR (95% CI) and a cut-off p-value of ≤0.05.
Results: We found that 47.2% (125/265) of index patients, 77.8% (14/18) of neighbouring 
patients, 8.3% (2/24) of health-care workers, 72.2% (13/18) of non-medical caregivers, and 
31.4% (27/86) of samples taken from the hospital environment had ESBL producers. 
Escherichia coli and Klebsiella spp. predominated among participants and Acinetobacter 
spp. predominated in the environmental samples. Patients with open fractures had increased 
odds of being colonized with ESBL producers [OR (95% CI): 2.08 (1.16–3.75); p=0.015]. 
The floor below patients’ beds was commonly contaminated; however, the odds of environ-
mental contamination decreased on the third round of sampling [OR (95% CI: 0.16 (0.04– 
0.67); p=0.012], apparently as a result of parallel infection prevention and control responsive 
measures against coronavirus disease 2019 (COVID-19).
Conclusion: We found a high occurrence of ESBL colonization among participants and in 
the environmentat this tertiary hospital. The importance of routine ESBL surveillance among 
orthopaedic patients with open fractures on admission and strengthened decontamination of 
health-care premises is reiterated.
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Background
Infections of open fractures are caused by patients’ endogenous normal microbiota and 
environmental multi-drug-resistant (MDR) bacteria.1,2 These infections are difficult to 
treat and prone to complications, and therefore, their prevention is pivotal to ensuring 
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favourable patient outcomes.3–5 Preventive and control mea-
sures of these infections require a carefully designed infection 
surveillance system to identify the potential sources of MDR 
bacteria for specific mitigation strategies.6–8 Owing to limited 
sanitation and hygiene measures in low- and middle-income 
countries (LMIC), speculated potential niches are gastrointest-
inal colonization among patients and environmental contam-
ination. However, the dual burden of road traffic accidents and 
antimicrobial resistance (AMR) is challenging the already 
strained health-care systems in LMIC, making prompt respon-
sive action difficult.9–11

In Tanzania, as in many other African countries, over 
three-quarters of orthopaedic patients’ injuries are due to 
road traffic accidents. The injuries are mostly open fractures 
affecting predominantly males in the productive age group 
between 21 and 30 years.12–14 The proportion of surgical site 
infections among orthopaedic patients in Tanzania was pre-
viously shown to be 6.0%.15 The occurrence and transmis-
sion of MDR bacteria [notably methicillin-resistant 
Staphylococcus aureus (MRSA) and extended-spectrum 
beta-lactamase (ESBL)-producing bacteria] among patients, 
health-care workers, and the health-care environment are 
well documented in general surgery patients.16–18 For exam-
ple, one study at Bugando Medical Centre (BMC) showed a 
higher occurrence of ESBL colonization among general sur-
gery patients on discharge compared to admission (36.4% 
versus 23.7%), and there was a preponderance of exogenous 
infections.17 Another study showed that approximately one- 
third of samples taken from the hospital environment were 
contaminated with Gram-negative bacteria, 20% of which 
were ESBL producers.18 However, limited information exists 
among orthopaedic patients, who are thought to be at 
increased risk owing to the setting where they acquired the 
injury (ie, mostly in road traffic accidents), which, in turn, 
challenges specific mitigation strategies. To address these 
gaps, the current study aimed to evaluate the occurrence of 
ESBL colonization among orthopaedic patients on admission 
and also to evaluate other potential sources of ESBL-produ-
cing bacteria in the orthopaedic wards (ie, among previously 
admitted patients on the same wards, non-medical care-
givers, health-care workers, and the hospital environment).

Materials and Methods
Study Design, Settings, and Duration
This was a longitudinal study conducted for 4 months 
from 3rd January to 30th May 2020 at BMC tertiary 
hospital in Mwanza city, Tanzania. The BMC has a 

capacity of over 900 beds and serves as a tertiary referral 
hospital for eight regions in the north-western part of 
Tanzania, which altogether constitutes a catchment popu-
lation of over 16 million people.19

Patient Enrolment, Data Collection, and 
Laboratory Procedures
Purposive sampling was used to recruit appropriate index 
patients in the orthopaedic wards at BMC (ward J5 for 
women and children, and ward E8 for males). We included 
index orthopaedic patients set for admission in the ortho-
paedic wards whose data and stool/rectal samples had been 
collected within 24 hours of admission. We excluded 
patients who had been admitted to the orthopaedic wards 
but discharged within 24 hours.

To evaluate the occurrence and potential dynamics of 
transmission of ESBL-producing bacteria, the study also 
enrolled neighbouring patients (to the index patients) who 
were already present on the ward at the start of the project 
and those who were not sampled within 24 hours of 
admission, the immediate non-medical caregivers of the 
index patients, and the immediate health workers in the 
admitting wards, and also examined the patients’ environ-
ment in the two wards.

Using the Kish–Leslie equation,20 and a proportion of 
23.7% of ESBL Enterobacteriaceae colonization among 
surgical patients on admission, from another study con-
ducted at the same hospital,17 the minimum sample size 
for index patients was projected to be 277. A total of 295 
eligible patients were enrolled during the study period. 
However, 12 patients were excluded owing to incomplete 
information on their questionnaires or because they were 
discharged within 24 hours. Therefore, a total of 283 
patients were enrolled, of whom 265 (93.6%) were index 
patients and 18 (6.4%) were neighbouring patients.

If an index patient tested positive for ESBL stool/rectal 
colonization, stool/rectal samples were obtained from the 
two neighbouring patients flanking the index patient in the 
same ward and one non-medical caregiver, as well as hand 
swabs from immediate health-care givers. Index patients 
who were negative for ESBL colonization on admission 
were rescreened between 24 and 48 hours (second sam-
pling) and between 72 and 96 hours (third sampling). The 
environmental sampling in the admitting wards was also 
carried out three times at intervals of approximately of 2 
months: on 16th January 2020 (n=29), 28th March 2020 
(n=28), and 28th May 2020 (n=29). Specific 
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environmental areas sampled included walking crutches, 
wheelchairs, bathroom sinks and door knobs, the floor 
below patients’ beds, and patients’ bed rails. Based on 
this sampling strategy, we enrolled 18 non-medical care-
givers, 24 health-care workers, and 88 environmental sam-
ples from the wards.

Research assistants, nurses, and doctors in each ward 
instructed index patients, neighbouring patients, and non- 
medical caregivers to collect stool/rectal samples using 
sterile swabs. Hand swabs were collected from health 
workers by gently rolling the swab on the palm and 
between the fingers of both hands. Environmental sam-
pling was conducted by swabbing the site using a sterile 
swab. All swabs collected were labelled immediately, 
placed in Amies transport medium (Amies Swabs PS + 
Viscose; DeltaLab, Barcelona, Spain) and submitted to the 
Catholic University of Health and Allied Sciences 
(CUHAS) Multipurpose Laboratory within 2 hours for 
subsequent processing.

In the laboratory, samples were inoculated on MacConkey 
agar, a selective and differential culture medium (Oxoid, 
Basingstoke, UK), supplemented with 2 μg/mL cefotaxime 
(a third generation cephalosporin), and incubated in ambient 
air at 35–37°C for 18–24 hours for screening of presumptive 
ESBL-producing Gram-negative bacteria.21 Following incu-
bation, any growth was presumptively regarded as cephalos-
porin-resistant Gram-negative bacteria. Then, pure colonies 
were initially identified phenotypically based on Gram staining 
reactions and lactose fermentation, followed by confirmation 
of bacterial genera and/or species using five biochemical iden-
tification tests, namely oxidase, urease, Simmons citrate, sul-
phur-indole-motility, and triple sugar iron tests (Oxoid, 
Basingstoke, UK), as previously described and validated in 
house.21,22 Finally, antimicrobial susceptibility testing (AST) 
was performed using the conventional Kirby–Bauer disc diffu-
sion method as per Clinical and Laboratory Standards Institute 
(CLSI) guidelines.23 The standardized inoculum was made by 
emulsifying one or two pure bacterial colonies in normal saline 
and adjusting the turbidity of the resulting suspension to a 0.5 
McFarland standard. Using a sterile cotton swab, the suspen-
sion was uniformly spread into two Mueller–Hinton agar 
plates (Oxoid, Basingstoke, UK). Then, 11 antibiotic discs 
(Oxoid, Basingstoke, UK) were placed in the plates, incubated 
in ambient air at 35–37°C for 18–24 hours, and subsequently 
interpreted as sensitive, intermediate, or resistant, as per CLSI 
guidelines.23 The non-beta-lactam antibiotic discs set were 
tetracycline (10 µg), trimethoprim–sulfamethoxazole (1.25/ 
23.75 µg), chloramphenicol (10 µg), gentamicin (10 µg), 

ciprofloxacin (5 µg), and amikacin (30 µg). In addition, four 
antibiotic discs were set up for special purposes as described 
below: cefoxitin (30 µg) for presumptive screening of AmpC 
production, a fourth generation cephalosporin cefepime (30 
µg), the broad-spectrum beta-lactam/beta-lactamase inhibitor 
piperacillin–tazobactam (TZP) (100/10 µg), and the last line 
beta-lactam antibiotic meropenem (10 µg).23 ESBL production 
was confirmed by the combined disc method, as previously 
described for Enterobacteriaceae and with slight modification 
for non-Enterobacteriaceae Gram-negative bacteria.23

Quality Control
Information in the questionnaires was reviewed by two 
research scientists (ZK and MB) for completeness at the 
end of each day. The investigators reviewed the data in the 
questionnaires on a weekly basis. All laboratory procedures 
were carried out by laboratory scientists under the super-
vision of medical microbiologists. Sterility testing was per-
formed by incubating uninoculated MacConkey agar plates 
for each batch of freshly prepared media, and when no 
growth of bacteria was observed after overnight incubation, 
the batch was regarded as good for use in subsequent 
laboratory procedures. Two standard control strains 
(Klebsiella pneumoniae ATCC 700603 and Escherichia 
coli ATCC 25922) were used to assess the performance of 
MacConkey agar media supplemented with 2 μg/mL cefo-
taxime by showing typical growth of lactose-fermenting 
colonies and no bacterial growth, respectively. These two 
strains were also used as controls to assess the biochemical 
identification tests, for AST procedures, and for confirma-
tion of ESBL strains.

Data Management and Statistical Analysis
Socio-demographic, clinical, and laboratory data from study 
participants and environmental samples were entered into 
Microsoft Excel for storage and consistency checks, and 
exported to STATA version 13.0 for analysis. Continuous 
variables such as age and frequency of antibiotic use were 
described using measures of central tendency, ie, mean ± 
standard deviation and median (interquartile range) for sym-
metrically and asymmetrically distributed data, respectively. 
All other categorical variables were described by frequencies 
and their respective percentages/proportions and compared 
using the Pearson chi-squared or Fisher’s exact test, or the 
two-sample test of proportions. The strength of the associa-
tion between the dependent variable (ESBL colonization by 
Gram-negative bacteria) and independent variables (eg, age, 
sex, residence, ward of admission, and history of antibiotic 
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use) was determined using a logistic regression model. All 
variables with a p-value of ≤0.2 in univariate analysis were 
subjected to multivariate analysis to determine the indepen-
dent predictors of ESBL positivity at a p-value of ≤0.05 with 
a 95% confidence interval (CI).

Results
Socio-Demographic and Clinical 
Characteristics of Index Orthopaedic 
Patients
Of the 265 index patients enrolled, approximately two- 
thirds were males, and the overall median (IQR) age was 
28 (12–41) years (Table 1). The majority of patients were 
admitted from other hospitals/clinics (66.8%) and had 
closed fractures (69.4%). Of 167 patients for whom infor-
mation was available, only 48 (28.7%) had attended a 
hospital within 24 hours. A total of 101 (38.1%) were on 
antibiotic treatment at the time of enrolment. Of these, 72 
(71.3%) were on beta-lactam antibiotics, with ceftriaxone 
alone being prescribed in 60 patients, 15 (14.8%) were on 
non-beta-lactam antibiotics, and 14 (13.9%) were on both 
beta-lactam and non-beta-lactam antibiotics. A total of 131 
(49.4%) reported self-treatment with antibiotics in the past 
year. The median (IQR) frequency of self-treatment was 4 
(2–5). The minimum and maximum frequencies of self- 
treatment were 1 and 20, respectively (Table 1).

ESBL-Producing Gram-Negative Bacteria 
Among Index and Neighbouring 
Orthopaedic Patients
The prevalence of ESBL-producing Gram-negative bacter-
ial colonization among all orthopaedic patients was 49.1% 
(139/283) (95% CI: 45.0–56.7%). ESBL colonization was 
significantly higher among neighbours [77.8% (14/18)] 
than index patients [47.2% (125/265)], p=0.011 (one- 
sided Fisher’s exact test). ESBL colonization rates 
among tested index patients on admission, second sam-
pling, and third sampling, were 47.2%, 16.7%, and 0.0%, 
respectively.

A total of 158 ESBL-producing Gram-negative bac-
teria were recovered (142 from index orthopaedic patients 
and 16 from neighbouring patients), with a predominance 
of E. coli (53.8%), which accounted for 52.1% of isolates 
from index patients and 68.8% of isolates from neighbours 
(Figure 1).

Antimicrobial Susceptibility Patterns of 
ESBL-Producing Gram-Negative Bacteria 
Isolates
The highest sensitivity patterns of ESBL-producing E. coli 
were noted in isolates from both index and neighbouring 
patients in chloramphenicol (85.1% versus 81.8%), piper-
acillin–tazobactam (73.0% versus 63.6%), amikacin 
(97.3% versus 100.0%), and meropenem (97.2% versus 
100.0%), respectively. Similarly, there were also high sen-
sitivities of these antibiotics to other Gram-negative bac-
teria (Table 2).

Factors Associated with Gastrointestinal 
Tract ESBL Colonization Among Index 
Orthopaedic Patients
The multivariate logistic regression analysis showed that 
index patients with open fractures had increased odds of 
being of colonized with ESBL-producing Gram-negative 
bacteria [OR (95% CI): 2.08 (1.16–3.75); p=0.015] 
(Table 3).

ESBL Colonization Among Patients’ 
Caregivers and Health-Care Workers in 
Orthopaedic Wards
A total of 18 patients’ caregivers were enrolled in this 
study, 16 (88.9%) of whom were female. Their mean ± 
SD age was 33.6±10.4 years. All caregivers had a previous 
history of antibiotic use and half of them had previously 
self-treated with antibiotics. The prevalence of ESBL rec-
tal colonization was 72.2% (13/18). The implicated ESBL 
isolates were E. coli (n=6), K. pneumoniae (n=6), and 
unidentified Gram-negative bacteria (n=1).

A total of 24 health-care workers were enrolled during the 
study period, half of whom were female. Three-quarters 
worked on the E8 male ward. Their mean ± SD age was 
33.2±9.4 years, and their duration of working in their respec-
tive wards/units ranged from 1 month to 10 years. The 
majority were nurses (58.4%), whereas doctors and medical 
attendants accounted for 20.8% each. Three health-care 
workers (12.5%) had a history of using antibiotics in the 
past 3 months (one each had used ampiclox, amoxicillin– 
clavulanate, and ceftriaxone). The prevalence of ESBL hand 
colonization was 8.3% (2/24). One health-care worker (a 
doctor with a history of using amoxicillin–clavulanate, in 
ward E8) had dual carriage of K. pneumoniae and E. coli. 
The former isolate was resistant to trimethoprim– 
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Table 1 Socio-Demographic and Clinical Characteristics of Index Orthopaedic Patients

Variable Number (%)

Sex Female 87 (32.8)
Male 178 (67.2)

Residence Rural 68 (25.7)
Peri-urban 62 (23.4)

Urban 135 (50.9)

Education No formal education 20 (7.6)

Primary 128 (48.3)
Secondary 70 (26.4)

College and above 47 (17.7)

Occupation Formal employment 46 (17.4)

Unemployed 86 (32.4)

Business 47 (17.8)
Peasant 86 (32.4)

Referral status Self-referral from home 88 (33.2)
Referral from other hospital/ 

clinic

177 (66.8)

Type of fracture Closed 184 (69.4)

Open 73 (27.6)

Both closed and open 8 (3.0)

Knowlege on antibiotics No 99 (37.4)

Yes 166 (62.6)

Heard about AMR No 132 (49.8)

Yes 133 (50.2)

Enough information on AMR No 225 (84.9)

Yes 40 (15.1)

Current antibiotic use No 164 (61.9)

Yes 101 (38.1)

History of antibiotic use* No 40 (15.1)

Yes 225 (84.9)

Self-treatment with antibiotics No 134 (50.6)

Yes 131 (49.4)

Domestic/pet animals at 

home

No 128 (48.3)

Yes 137 (51.7)

Use of antibiotics in animals No 171 (64.5)
Yes 94 (35.5)

Heard of IPC No 30 (11.3)

Yes 235 (88.7)

Underlying diseases** No 242 (91.7)

Yes 22 (8.3)

Notes: *In the past 3 months; **hypertension (n=9), HIV/AIDS (n=2), other cardiovascular conditions (n=3), diabetes mellitus (n=2), hypertension and diabetes mellitus 
(n=1), flu (n=1), asthma (n=1), osteomyelitis (n=1), peptic ulcer disease (n=1), and tumour of the leg (n=1). 
Abbreviations: AMR, antimicrobial resistance; IPC, infection prevention and control.
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sulfamethoxazole, chloramphenicol, and ciprofloxacin; 
showed intermediate resistance to gentamicin and piperacil-
lin–tazobactam; and was sensitive to tetracycline, amikacin, 
and meropenem. The latter isolate was resistant to tetracy-
cline, trimethoprim–sulfamethoxazole, chloramphenicol, 
ciprofloxacin, and piperacillin–tazobactam; showed inter-
mediate resistance to gentamicin; and was sensitive to ami-
kacin and meropenem. The second health-care worker (a 
nurse with no history of antibiotic use, in ward E8) had K. 
pneumoniae only. This isolate was resistant to trimethoprim– 
sulfamethoxazole, chloramphenicol, and gentamicin; 
showed intermediate resistance to ciprofloxacin; and was 
sensitive to tetracycline, piperacillin–tazobactam, amikacin, 
and meropenem

There were 11 pairs of index patient–neighbour, and five 
pairs had ESBL-producing bacteria of the same species but 
different strains (Supplementary Table S1). There were 13 
pairs of index patients and caregivers, but only 11 pairs were 

involved in the comparison. (One pair was dropped because 
the neighbour was sampled instead of the index patient and 
the second was dropped because a caregiver was linked to an 
index patient with no ESBL colonization.) Of the 11 pairs, 
three pairs had ESBL-producing bacteria of the same species 
but different strains (Supplementary Table S2).

Distribution of ESBL-Producing Bacterial 
Isolates in the Environment of the Wards
The proportion of ESBL-producing bacteria isolated from the 
environment of the wards was 31.4% (27/86), which alto-
gether resulted into 35 bacterial isolates. The most predomi-
nant bacteria were Acinetobacter spp. (50.0%), followed by K. 
pneumoniae (n=6), Enterobacter spp. (n=5), E. coli (n=4), 
unidentified Gram-negative bacteria (n=2), and Citrobacter 
spp. (n=1). The odds of occurrence of ESBL-producing 
Gram-negative bacteria was significantly higher from the 

Figure 1 ESBL-producing Gram-negative bacteria from the orthopaedic index and neighbouring patients. *Others: Citrobacter spp. (2), Morganella morganii (2), and 
Pseudomonas aeruginosa (1). 
Abbreviations: ESBL, extended-spectrum beta-lactamases; UGNB, unidentified Gram-negative bacteria; spp, species.
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floor samples [OR (95% CI): 10.0 (1.09–92.0); p=0.042] 
compared to other environmental samples. However, the 
odds of occurrence of ESBL-producing Gram-negative bac-
teria significantly decreased on the third round of sampling 
[OR (95% CI): 0.16 (0.04–0.67); p=0.012] (Table 4).

Discussion
Existence of ESBL-Producing Bacteria 
Among Study Participants and the 
Hospital Environment
Prevention of MDR bacterial attributable infections is a pivotal 
measure to avert the burden of AMR across the world and is 
one of the strategic objectives in the Global Action Plan on 
AMR and the Tanzanian National Action Plan on AMR.24,25 

We found a significantly lower proportion of ESBL stool/rectal 
colonization among index orthopaedic patients (47.2%) on 
admission compared to neighbouring orthopaedic patients 

who had previously been admitted in the orthopaedic wards 
(77.8%). The former proportion is higher than 23.7% in the 
same hospital among general surgical patients on admission 
and 16.5% in the general population in communities around 
Mwanza city.17,26 This higher proportion could be related to 
the fact that nearly two-thirds of patients had been referred 
from other hospitals/clinics, and therefore could represent the 
trend in the hospital settings, as shown among neighbouring 
patients who had spent longer on the wards (77.8%). The 
occurrence of ESBL-producing bacteria in the hospital envir-
onment in this study (31.4%) was similar to that in a previous 
study among patients on discharge (36.4%).17 In contrast to our 
findings, which showed colonization of 16% 48 hours after 
admission, a low prevalence of ESBL rectal colonization on 
admission and at 48 hours post-admission (6.0% and 9.0%, 
respectively) was previously reported from Denmark.27 

Stringent infection prevention and control (IPC) measures 
may account for the lower colonization rates 48 hours post- 

Table 2 Antimicrobial Susceptibility Patterns of ESBL-Producing Gram-Negative Bacteria Isolates

Antimicrobial Agent Escherichia coli * All Other Gram-Negative Bacteria**

Resistant,  
n (%)

Intermediate,  
n (%)

Sensitive,  
n (%)

Resistant, n 
(%)

Intermediate,  
n (%)

Sensitive,  
n (%)

Tetracycline Index 56 (75.7) 4 (5.4) 14 (18.9) 36 (52.9) 5 (7.4) 27 (39.7)
Neighbour 9 (81.8) 1 (9.1) 1 (9.1) 4 (80.0) 0 (0.0) 1 (20.0)

TMP-SXT Index 63 (85.1) 1 (1.4) 10 (13.5) 65 (95.6) 1 (1.5) 2 (2.9)
Neighbour 9 (81.8) 1 (9.1) 1 (9.1) 5 (100.0) 0 (0.0) 0(0.0)

Chloramphenicol Index 11 (14.9) 0 (0.0) 63 (85.1) 21 (30.9) 2 (2.9) 45 (66.2)
Neighbour 2 (18.2) 0 (0.0) 9 (81.8) 1 (20.0) 0(0.0) 4 (80.0)

Gentamicin Index 23 (31.1) 3 (4.0) 48 (64.9) 28 (41.2) 6 (8.8) 34 (50.0)
Neighbour 2 (18.2) 0 (0.0) 9 (81.8) 1 (20.0) 0(0.0) 4 (80.0)

Ciprofloxacin Index 38 (51.4) 10 (13.5) 26 (35.1) 29 (42.6) 15 (22.1) 24 (35.3)
Neighbour 8 (72.7) 0 (0.0) 3 (27.3) 4 (80.0) 0 (0.0) 1 (20.0)

Cefoxitin Index 12 (16.2) 5 (6.8) 57 (77.0) 24 (35.3) 3 (4.4) 41 (60.3)
Neighbour 2 (18.2) 1 (9.1) 8 (72.7) 0 (0.0) 0 (0.0) 5 (100.0)

Cefepime Index 72 (97.2) 1 (1.4) 1 (1.4) 66 (97.1) 2 (2.9) 0 (0.0)
Neighbour 11 (100.0) 0 (0.0) 0 (0.0) 5 (100.0) 0 (0.0) 0 (0.0)

TZP Index 8 (10.8) 12 (16.2) 54 (73.0) 8 (11.8) 10 (14.7) 50 (73.5)
Neighbour 1 (9.1) 3 (27.3) 7 (63.6) 1 (20.0) 0 (0.0) 4 (80.0)

Amikacin Index 0 (0.0) 2 (2.7) 72 (97.3) 2 (2.9) 0 (0.0) 66 (97.1)
Neighbour 0 (0.0) 0 (0.0) 11 (100.0) 0 (0.0) 0 (0.0) 5 (100.0)

Meropenem Index 1 (1.4) 1 (1.4) 72 (97.2) 6 (8.8) 2 (2.9) 60 (88.3)
Neighbour 0 (0.0) 0 (0.0) 11 (100.0) 0 (0.0) 0 (0.0) 5 (100.0)

Notes: *Index isolates (n=74) and neighbours’ isolates (n=11); **index isolates (n=68) and neighbours’ isolates (n=5). 
Abbreviations: TMP-SXT, trimethoprim–sulfamethoxazole; TZP, piperacillin–tazobactam.
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Table 3 Factors Associated with Gastrointestinal Tract ESBL Colonization Among Index Orthopaedic Patients

Variable (N) ESBL Colonization, n, (%) Univariate Analysis Multivariate Analysis

95% CI p 95% CI p

Age category (years)
≤18 (90) 38 (42.2) 1
19–59 (152) 76 (50.0) 1.37 (0.81–2.31) 0.242

≥60 (23) 11 (47.8) 1.25 (0.50–3.14) 0.629

Sex
Female (87) 47 (54.0) 1

Male (178) 78 (43.8) 0.66 (0.40–1.11) 0.453

Residence
Rural (68) 33 (48.5) 1
Peri-urban (62) 31 (50.0) 1.06 (0.53–2.11) 0.867

Urban (135) 61 (45.2) 0.87 (0.49–1.57) 0.652

Education
College and above (47) 24 (51.1) 1

Informal (20) 6 (30.0) 0.41 (1.14–1.25) 0.118 0.38 (0.12–1.22) 0.105
Primary (128) 59 (46.1) 0.82 (0.42–1.60) 0.560 0.80 (0.40–1.61) 0.532

Secondary (70) 36 (51.4) 1.01 (0.48–2.12) 0.969 1.02 (0.47–2.21) 0.964

Occupation
Formal occupation (179) 84 (46.9) 1
No formal occupation (86) 41 (47.7) 1.03 (0.62–1.72) 0.909

Domestic animals at home
No (128) 61 (47.7) 1

Yes (137) 64 (46.7) 0.96 (0.59–1.56) 0.878

Referral status
Self-referral from home (88) 36 (40.9) 1

From other hospital/clinic (177) 89 (50.3) 1.46 (0.87–2.45) 0.151 1.44 (0.81–2.56) 0.212

Time to the hospital*
Within 1 day (48) 25 (52.1) 1
Up to 7 days (59) 23 (39.0) 0.59 (0.27–1.27) 0.177 0.53 (0.24–1.16) 0.113

More than 7 days (60) 26 (43.3) 0.81 (0.38–1.72) 0.576 0.92 (0.41–2.09) 0.801

Ward of admission
Ward J5 (115) 59 (51.3) 1

Ward E8 ((150) 66 (44.0) 0.75 (0.46–1.21) 0.238

Type of fracture
Closed (184) 78 (42.4) 1
Open (73) 44 (60.3) 2.06 (1.18–3.58) 0.010 2.08 (1.56–3.75) 0.015

Both (8) 3 (37.5) 0.82 (0.19–3.51) 0.784 0.55 (0.12–2.51) 0.439

History of antibiotic use**
No (40) 15 (37.5) 1

Yes (225) 110 (48.9) 1.59 (0.80–3.18) 0.186 1.97 (0.95–4.11) 0.070

Current use of antibiotic
No (164) 76 (46.3) 1
Yes (101) 49 (48.5) 1.09 (0.66–1.79) 0.731

(Continued)
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admission in both countries, and this is especially important in 
Tanzania as the current study was conducted in the midst of the 
coronavirus disease 2019 (COVID-19) pandemic, where IPC 
was largely strengthened. ESBL hand contamination among 
health-care workers in the orthopaedic wards was lower 
(8.3%), and similar to 10.7% among health-care workers in a 
cardiac intensive care unit in Kampala, Uganda.28

The predominance of ESBL-producing E. coli and 
Klebsiella spp. among orthopaedic patients, non-medical 
caregivers, and health-care workers in this study is in 

agreement with two systematic reviews and meta-ana-
lyses among patients with various infections in East 
African hospitals, animals, and non-hospital 
environments,6,11 and another study among general and 
orthopaedic patients in Denmark.27 On the other hand, the 
predominance of Acinetobacter spp. in the hospital envir-
onment underscores its natural existence on inanimate 
surfaces in the hospital. The presence of these three 
MDR pathogens calls for the establishment of targeted 
AMR surveillance systems, focused IPC mitigation 

Table 3 (Continued). 

Variable (N) ESBL Colonization, n, (%) Univariate Analysis Multivariate Analysis

95% CI p 95% CI p

Knowledge on antibiotics
No (99) 46 (46.5) 1

Yes (166) 79 (47.6) 1.04 (0.63–1.72) 0.859

Heard about AMR
No (132) 60 (45.5) 1

Yes (133) 65 (48.9) 1.14 (0.71–1.86) 0.577

Heard about IPC
Yes (235) 111 (47.2) 1
No (30) 14 (46.7) 0.98 (0.45–2.09) 0.953

Notes: *The duration was missing in 98 patients; **in the past 3 months. 
Abbreviations: AMR, antimicrobial resistance; ESBL, extended-spectrum beta-lactamase; IPC, infection prevention and control; CI, confidence interval.

Table 4 Factors Associated with Occurrence of ESBL Bacteria in the Hospital Environment

Variable (N) ESBL Bacterial Contamination in the 
Hospital  

Environment, n, (%)

Univariate Analysis

95% CI p

Ward
J5 (33) 10 (30.3) 1

E8 (53) 17 (32.1) 1.09 (0.42–2.78) 0.863

Items sampled
Walking crutches (11) 1 (9.1) 1

Wheelchair (13) 4 (30.8) 4.44 (0.42–47.5) 0.217
Bathroom sinks and door knobs (18) 5 (27.8) 3.85 (0.38–38.36) 0.251

Floor below patient’s bed (22) 11 (50.0) 10.0 (1.09–92.0) 0.042

Bed rails (22) 6 (27.3) 3.75 (0.39–35.9) 0.252

Trends in environmental 
contamination

Round 1 on 16th January 2020 (29) 12 (41.4) 1

Round 2 on 28th March 2020 (28) 12 (42.9) 1.06 (0.37–3.04) 0.910

Round 3 on 28th May 2020 (29) 3 (10.3) 0.16 (0.04–0.67) 0.012

Abbreviations: ESBL, extended-spectrum beta-lactamase; CI, confidence interval.
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strategies, and the introduction of cost-effective molecu-
lar tools for their routine screening in hospital settings. 
Hand in hand with these responsive measures, the 
exploration of non-antibiotic remedies such as essential 
oils would be of interest in these settings, where the 
burden of MDR-attributable infection is rapidly 
escalating.29

Antimicrobial Susceptibility Profiles of 
ESBL-Producing Bacteria
Over three-quarters of ESBL-producing bacterial isolates 
were sensitive to the WHO watch and reserve group of 
antibiotics, including chloramphenicol, piperacillin–tazo-
bactam, amikacin, and meropenem. This may be due to 
the fact that these antibiotics are very expensive and not 
accessible in most of the drug outlets/pharmacies, and 
therefore less likely to be misused, as previously shown 
in six referral hospitals across Tanzania.30,31 Therefore, 
rational use of these agents guided by AST is emphasized 
to ensure their longevity in saving patients’ lives.

Factors Associated with Occurrence of 
ESBL-Producing Bacteria Among 
Participants and the Hospital 
Environment
Previous studies have shown a strong association between 
previous antibiotic use and previous hospital admission 
with subsequent ESBL colonization and/or infections, 
both in Tanzania and in other countries.14,26,27,32 

However, this was not the case in the current study.
Index patients with open fractures had approximately 

two times increased odds of being of colonized with 
ESBL-producing Gram-negative bacteria compared to 
their counterparts. This may be due to the fact that patients 
with open fractures are at increased risk of infections and 
complications, and therefore, are likely to be given anti-
biotic prophylaxis and to stay longer in the hospital, all of 
which will increase their risk of being colonized and 
sometimes infected with MDR bacteria, including ESBL- 
producing Gram-negative bacteria.5

Of the 11 pairs of index patient–neighbour and 11 pairs of 
index patient–caregiver, five and three pairs, respectively, 
had ESBL-producing bacteria of the same species but differ-
ent strains. None of these strains had exactly identical anti-
biogram profiles, making the transfer of AMR genes by 
clonal expansion less likely, and leaving open the possibility 
of horizontal transfer of AMR genes within and among 

bacterial species.33 The latter will be further dissected in 
the next phase of the project using the whole genome sequen-
cing approach. At this juncture, it suffices to point out that the 
occurrence of ESBL-producing bacteria among orthopaedic 
patients, non-medical caregivers, health-care workers, and 
the hospital environment should alert the hospital to be 
more vigilant in IPC and prevent subsequent infections in 
vulnerable orthopaedic patients.

The odds of occurrence of ESBL-producing Gram- 
negative bacteria was higher from shared locations and 
items in the hospital environment (eg, floor samples, 
wheelchairs, sinks, doors knobs, and bed rails), ranging 
from 27.3% to 50.0%, compared to personal items (eg, 
walking crutches: 9.1%). Hospital environmental con-
tamination has previously been widely documented to 
provide potential niches for MDR bacteria,18,34 under-
scoring a need to frequently decontaminate these pre-
mises. Our study was conducted in the midst of the 
COVID-19 pandemic, and a trend towards a decrease 
in ESBL-producing bacteria contaminating the hospital 
environment was noted (ie, there was a 16-fold decrease 
by the third round of sampling). The decrease could be 
associated with the parallel hospital-wide vigilant 
strengthening of IPC measures against severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2) and 
COVID-19, which indirectly also decreased these MDR 
bacteria in the hospital environment.

Limitations of the Study
This project commenced when the world (including 
Tanzania) was in the midst of the COVID-19 pandemic. 
This negatively impacted our project as there only limited 
routine elective orthopaedic surgery was carried out and 
non-medical caregivers were limited to those attending 
clinically unstable patients. So, we ended up enrolling 
only a few caregivers and neighbouring patients. The 
duration of hospital stay among index orthopaedic patients 
was also reduced for those who were clinically stable, and 
as a result, the follow-up component was also negatively 
affected. However, despite all these limitations, the study 
objectives were largely achieved.

Conclusions
Significant proportions of orthopaedic patients, healthy indi-
viduals on the orthopaedic wards, and locations in the hospital 
environment had ESBL-producing Gram-negative bacteria. 
There was a predominance of E. coli and Klebsiella spp. 
among participants, and Acinetobacter spp. in the 
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environmental samples. Patients with open fractures had 
increased odds of being colonized with ESBL producers, 
emphasizing a need to prioritize this group in the AMR routine 
surveillance programmes. The most commonly contaminated 
environmental location was the floor below patients’ beds. 
However, there was an appreciable trend towards a decrease 
in environmental contamination, notably in the third round of 
sampling, which could be linked to parallel responsive IPC 
measures against COVID-19. This reinforces the need to 
strengthen the routine decontamination of the health-care 
environment.

Extending AMR surveillance to the lower tier hospitals 
where two-thirds of orthopaedic patients came from, and 
evaluating the impact of ESBL colonization on the inci-
dent orthopaedic patients’ infections, should be areas of 
focus in future studies.
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