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Abstract
Background
The worldwide emergence of antibiotic-resistant bacteria threatens to overshadow the dramatic advances in
medical sciences since the discovery of antibiotics. Antibiotic resistance has rendered some antibiotics
obsolete, creating a reliance on synthetic drugs. In some instances, bacteria can be resistant to all
antibiotics. The problem of antibiotic resistance is eminent in resource-limited countries like Tanzania,
where systematic surveillance and routine susceptibility tests are rarely conducted. Therefore, this study
aimed to investigate the magnitude of beta-lactamase-producing Gram-positive pathogens and
Enterobacteriaceae with extended-spectrum beta-lactamase (ESBL) in Dar es Salaam, Tanzania.

Methodology
This multi-site cross-sectional study involved three private hospitals in Dar es Salaam, Tanzania. The study
was conducted between July and September 2008. Bacterial isolates were collected, identified, and subjected
to antibiotic-sensitivity testing against cephalosporins, including ceftriaxone, cefuroxime and cefotaxime,
and clavulanic acid, which are antibiotics readily available on the Tanzanian market at the time of the study.
The microdilution method was employed to determine beta-lactamase and ESBL production per the Clinical
Laboratory and Standards Institute (CLSI) protocol. Cephalosporins, including ceftriaxone, cefuroxime and
cefotaxime, the beta-lactamase inhibitor, and clavulanic acid, were serially diluted with concentrations
ranging from 0.011 mg/ml to 200 mg/ml. Each of these antibiotics was subjected to sensitivity tests by
determining the minimum inhibitory concentrations (MIC) of the clinical isolates of bacteria using a 96-well
microdilution plate. Five microliters of bacterial suspension were inoculated into each well-containing 120µl
of sterile Mueller-Hinton broth before incubation overnight.

Results
A total of 111 bacterial isolates were tested. Of the 111 tested bacterial isolates, 85 (76.6%) and 26 (23.4%)
were Gram-negative and Gram-positive bacteria, respectively. Fifty-six clinical isolates (50.4%)
were Escherichia coli, and 13 Salmonella species (11.7%) were among the Gram-negative isolates. On the
other hand, 15 (13.5%) and 11 (9.9%) Gram-positive bacteria were Staphylococcus
aureus and Streptococcus species, respectively, of all isolates. The majority of these clinical isolates, 71
(64.0%), were obtained from mid-stream urine, while the remaining were from stool, vaginal secretions,
blood, pus, catheter sip, and urethra. A high proportion of tested Gram-negative bacteria, 58 (68.2%), were
identified as ESBL producers, and 16 (61.5%) of the Gram-positive bacteria were identified as beta-lactamase
producers. Cefuroxime was the least effective, exhibiting the largest MIC (18.47 ± 22.6 mg/ml) compared to
clavulanic acid alone (5.28 ± 8.0 mg/ml) and clavulanic acid-cefuroxime (5.0± 12.32 mg/ml). Of all isolates,
78.2% were sensitive to chloramphenicol. Only five isolates had MIC larger than 32.23 mg/ml as opposed to
cefotaxime and ampicillin, which had more isolates in that similar MIC range.

Conclusion
There is a high proportion of beta-lactamase, particularly ESBL-producing pathogens, in Dar es Salaam,
Tanzania. Therefore, regular detection of beta-lactamase and ESBL production may help detect resistance to
beta-lactam antibiotics.
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Introduction
Antibiotic resistance is currently a worldwide health concern. It is worrisome when human pathogens
become increasingly resistant to multiple antibiotics [1]. According to a new estimate, more than a million
people died from bacteria-resistant infections worldwide in 2019, higher than malaria or AIDS numbers [1].
This situation indicates a silent pandemic that requires serious intervention [2]. Apparently, these death
rates due to antibiotic-resistant infections are highest in sub-Saharan Africa [1]. Consequently, it has
become more important for doctors and other health care providers to determine susceptibility and
resistance to antibiotic agents in treating infections. Furthermore, it is even more important for researchers
to develop new and more powerful classes of antibiotics to prevent and treat these infections.

In the last few years, members of the Enterobacteriaceae with extended-spectrum beta-lactamase (ESBL)
have been identified. They also pose significant health threats worldwide [3-7]. Indeed, the emergence of
ESBL-producing pathogenic Enterobacteria poses a serious antibiotic management problem since the ESBL
genes are easily transferred from one organism to the other via plasmids. It is thus not surprising that these
ESBL-containing organisms, which were hitherto found mainly in hospitals, are now becoming fairly
common in community-acquired infections, especially those of the urinary tract [8-10]. Resistance to one of
the extended-spectrum cephalosporins (ceftazidime, cefotaxime, or ceftriaxone), when mediated by an
ESBL, may imply resistance to all, even when sensitivity test results might indicate otherwise [11]. Clinical
microbiology laboratories are encouraged to adopt the Clinical Laboratory and Standards Institute (CLSI)
guidelines to identify beta-lactamase and ESBL-producing organisms and institute appropriate therapy.

Studies conducted between 2001 and 2020 in Tanzania show a substantial proportion of ESBL-producing
isolates in ICUs in some hospitals and some fatal cases of pediatric septicemia due to ESBL producers
[3,12,13]. In Tanzania, the prevalence of ESBL producers could be aggravated by the fact that the majority of
the livestock, and particularly poultry keepers, use antibiotics to treat their flock whenever they get ill
before seeking other specialized veterinary care [5,14].

Equally important, the rates of Gram-positive resistant isolate resistance to antibiotics are also threatening
the success of treating infectious diseases. Methicillin-resistant Staphylococcus aureus (MRSA) and other
beta-lactamase-producing pathogens such as Streptococci species are among the culprits [15].

Generally, routine microbiological documentation of infections is practically impossible in our clinical
settings due to limited financial and laboratory testing capacity. Hence knowledge of the actual microbial
cause of a particular infection and its susceptibility to antibiotics, which is essential for the rational use of
antibiotics, is amiss. This is worsened by widespread counterfeit medicines and inappropriate use of
antibiotics [16,17], which might have contributed to the emergence of drug resistance, particularly by the
beta-lactamase and ESBL pathogenic bacteria [3,13]. Therefore, this study assessed beta-lactamase Gram-
positive and ESBL Gram-negative bacterial isolates and compared their susceptibility patterns to commonly
used antibiotics.

Materials And Methods
Study design
This was a cross-sectional study that involved the collection of clinical isolates of bacteria from three major
private hospitals, namely Regency Medical Centre, Shree Hindu Mandal, and Massana Hospitals, located
within the Dar es Salaam region in Tanzania from July to September 2008.

Collection of bacterial isolates
All samples identified bacteria from old plates that were available after use at the laboratories of each
respective hospital during the study period. They were screened for evidence of potential beta-lactamase or
ESBL production according to the CLSI protocols [10,18]. Samples included urine, feces, blood, pus, vaginal
secretions, and other body fluids. The collected isolates were transported to our research laboratory of
Pharmaceutical Microbiology at Muhimbili University of Health and Allied Sciences (MUHAS) using a
routine transport medium (Peptone Water, Oxoid, UK). Three strains of E. coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 27853), and Staphylococcus aureus (ATCC 25923), obtained from the Laboratory of
Microbiology and Immunology, MUHAS were employed as reference standard bacteria and negative control
of beta-lactamase and ESBL production [11].

Identification and preparation of clinical isolates of bacteria
All sampled clinical isolates were subjected to microbiological identification tests based on colony growth
characteristic morphologies and biochemical tests [19]. Each microorganism was sensitized by sub-culturing
in freshly prepared Mueller-Hinton broth (Roth, Germany), followed by overnight incubation at 37°C. The
turbidity of each bacterial suspension was matched to that of McFarland 0.5 standard turbidity (equivalent
to 5×106 colony forming units/ml) before performing antibiotic activity assays [10].
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Screening for beta-lactamase and ESBL producers
Serially diluted solutions of cephalosporin antibiotics, including ceftriaxone, cefuroxime, cefotaxime, and a
beta-lactamase inhibitor (clavulanate), with concentrations ranging from 0.011 mg/ml to 200 mg/ml which
were in the range of therapeutic doses of injectable cephalosporins, were prepared.

Each of these antibiotics was subjected to sensitivity tests using the minimum inhibitory concentration
(MIC) determination method on the clinical isolates of the identified bacteria using a 96-well microdilution
plate. Five microliters of bacterial suspension were inoculated into each well-containing 120 µl of sterile
Mueller-Hinton broth (Roth-German) [10], incubated overnight, and inspected for visible turbidity.

Interpretation of beta-lactamase and ESBL production
Confirmation of beta-lactamase or ESBL production involved the determination of MICs for a combination
of ceftriaxone-clavulanate, cefuroxime-clavulanate, and cefotaxime-clavulanate, compared with MIC
obtained from each cephalosporin alone. A three-fold or greater difference of MIC corresponding to a
decrease of ≥3 serial dilutions in a MIC for either ceftriaxone or cefuroxime tested in combination with
clavulanic acid versus when tested alone confirmed the production of beta-lactamase or ESBL [20,21].

Comparative susceptibility pattern testing of ESBL and non-ESBL
producers
All ESBL and non-ESBL isolates were subjected to susceptibility pattern testing against cefotaxime,
ampicillin (Glaxo, Italy), and chloramphenicol (Alkem Lab., India) (unaffected by ESBLs) using the same
method through which their MICs were compared. The control microorganisms were also tested in this
assay. The choice of tested antibiotics is based largely on their easy availability in injectable and wide
application in the Tanzania market at the time of the study.

Statistical data analysis
All the procedures above were performed twice for statistical purposes and consistent results. Therefore, the
MICs were expressed as mean, and data were entered into the statistical package. Statistical analysis was
done using the Statistical Package for the Social Sciences (SPSS 15.0.2006) software (SPSS Inc., Chicago, IL).
Differences in MICs among different isolates and reference strains of bacteria at various concentrations were
compared and considered significant when the p-value < 0.05.

Ethical clearance
The ethical clearance to conduct the study was provided by the Muhimbili University of Health and Allied
Sciences (MUHAS) Institutional Review Board (IRB). Administrative permissions were obtained from the
relevant hospital authorities. All clinical isolates of bacteria were coded such that neither names nor
personal information were revealed to endanger patients' confidentiality.

Results
Prevalence of ESBL Gram-negative and beta-lactamase Gram-positive-
producing bacteria
Clinical isolates of bacteria were collected from three major private hospitals in Dar es salaam, Tanzania. A
total of 111 bacterial isolates from clinical specimens collected were tested and compared with three
reference strains of bacteria. Of 111 tested bacterial isolates, 85 (76.6%) and 26 (23.4%) were Gram-negative
and Gram-positive bacteria, respectively. Most, 71 (64.0%), of the clinical isolates were from mid-stream
urine, of which E. coli constituted 49.6% (Table 1). Of 111 clinical isolates, the majority, 56 (50.4%), were E.
coli, and the minority, 2 (1.8%), were Pseudomonas species (Table 1).
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 Bacterial isolates n(%)

 Gram-negative (N = 85) Gram-positive (N = 26)  

Source ECO KLE PSE SAL STA STR Source total

Urine 55 (49.6) 7 (6.3) 2 (1.8) 0 (0) 3 (2.7) 3 (2.7) 71 (64.0)

Stool 0 (0) 0 (0) 0 (0) 13 (11.7) 0 (0) 2 (1.8) 15 (13.5)

Vaginal secretions 0 (0) 0 (0) 0 (.00) 0 (0) 2 (1.8) 2 (1.8) 7 (6.3)

Pus 0 (0) 0 (0) 0 (.00) 0 (0) 9 (8.1) 1 (0.90) 12 (10.81)

Blood 0 (0) 0 (0) 0 (.00) 0 (0) 0 (0) 3 (2.7) 3 (2.7)

Catheter sip 1 (0.90) 0 (0) 0 (.00) 0 (0) 0 (0) 0 (0) 2 (1.8)

Urethra 0 (0) 0 (0) 0 (.00) 0 (0) 1 (0.90) 0 (0) 1 (0.9)

Specie total 56 (50.4) 7 (6.3) 2 (1.8) 13 (11.7) 15 (13.5) 11 (9.9) 111 (100)

TABLE 1: Distribution of specimens' sources of tested Gram-negative and Gram-positive bacterial
isolates.
ECO: Escherichia coli; STA: Staphylococcus aureus; SAL: Salmonella species; KLE: Klebsiella species; PRO: Proteus species; PSE: Pseudomonas
species; STR: Streptococcus species.

Of all tested cephalosporins, cefuroxime was the least effective, with the mean of MICs, 18.47±22.6 mg/ml
versus 5.28±8.0 mg/ml and 5.0± 12.32 mg/ml, exhibited by clavulanic acid alone and clavulanic acid-
cefuroxime combination, respectively. Isolates of E. coli and Proteus species displayed the highest mean of
MIC. There were no statistically significant differences (df 9; F = 1.38; p-value = 0.194) among the clinical
isolates of bacteria with respect to MIC by neither the rest of the individual antibiotics nor their
combinations with clavulanic acid depicted in Figure 1 (Panels A and B). Statistically significant differences
in MIC (p-value < 0.05) were observed between strains of reference bacteria and clinical isolates (Figure 1).

FIGURE 1: Susceptibility patterns of clinically tested isolates of bacteria
to cephalosporins.
Panel A: Escherichia coli, Staphylococcus aureus, and Salmonella species.

Panel B: Streptococcus, Pseudomonas, and Proteus species.

Panel C: Strains of reference bacteria strains.

ECO: Escherichia coli; SAL: Salmonella species; KLE: Klebsiella species; PRO: Proteus species;
PSE: Pseudomonas species; STA: Staphylococcus aureus; STR: Streptococcus species.

On one hand, 58 (68.2%) of the Gram-negative isolates were identified as ESBL producers. On the other
hand, 16 (61.5%) of the Gram-positive bacteria were classified as beta-lactamase producers. The reference
strains of bacteria used were negative for ESBL or beta-lactamase production, wherein E. coli (ATCC 25922)
served as a negative control microorganism (CLSI, 2006). Out of 58 isolates, nine clinical isolates
of Proteus species had the highest proportion of ESBL (85.7%) of that species isolates. The proportion of
ESBL in other Gram-negative bacteria were Klebsiella species (71.4%), Salmonella species (69.2%), E.
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coli (66.1%), and Pseudomonas species (50.0%) (Tables 2).

 Percentage of each bacterial specie

Source Gram-negative extended-spectrum beta-lactamase producers n (%) Gram-positive beta-lactamase producers n (%)

 ECO (n=56) KLE (n=7) PSE (n=2) PRO (n=7) SAL (n=13) Total Gram negative (n=85) STA (n=15) STR (n=11) Total Gram positive (n=26)

Urine 35 (62.5) 5 (71.4) 1 (50.0) 2 (28.6) 0 (0.0) 43 (55.6) 2 (13.2) 1 (9.1) 3 (11.5)

Stool 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (69.2) 9 (10.6) 0 (0.0) 1 (9.1) 1 (3.8)

Vaginal secretions 0 (0.0) 0 (0.0) 0 (0.0) 2 (28.6) 0 (0.0) 2 (2.3) 1 (6.7) 1 (9.1) 2 (7.7)

Pus 0 (0.0) 0 (0.0) 0 (0.0) 2 (28.6) 0 (0.0) 2 (2.3) 5 (33.3) 1 (9.1) 6 (23.1)

Blood 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (36.4) 4 (15.4)

Catheter sip 2 (3.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

Specie total 37 (66.1) 5 (71.4) 1 (50.0) 6 (85.7) 9 (69.2) 58 (68.2) 8 (53.3) 8 (72.7) 16 (61.5)

TABLE 2: Total number of Gram-negative extended-spectrum beta-lactamase or Gram-positive
beta-lactamase producers with respect to their species and sources.
ECO: Escherichia coli; SAL: Salmonella species; KLE: Klebsiella species; PRO: Proteus species; PSE: Pseudomonas species; STA: Staphylococcus
aureus; STR: Streptococcus species.

Gram-positive bacteria exhibited high MIC values (Figure 1 and Table 2). An apparent increase of MIC
among the assayed cephalosporins alone and with a beta-lactamase inhibitor (clavulanic acid) was
demonstrated by the ESBL producers exhibiting an about 40-fold increase of MIC (Figure 1). High MIC
variations are seen in clinical isolates from varying sources than in the MICs of the reference bacterial
strains.

Susceptibility of beta-lactamase and non-beta-lactamase bacteria to
non-beta-lactam antibiotics
When comparing the sensitivity of beta-lactamase and non-beta-lactamase-producing isolates to
chloramphenicol (non-beta-lactam antibiotics), there were significant differences (df = 2, F = 7.614; p<0.001)
regarding MIC among the two groups (Table 3). Chloramphenicol was relatively effective compared to
cefotaxime and ampicillin, while the strains of reference bacteria were equally sensitive (p-value < 0.05) to
all antibiotics tested (Figure 2). The majority (78.2%) of the assayed isolates were susceptible to
chloramphenicol. Only five isolates had MIC greater than 32.23 mg/ml as opposed to cefotaxime and
ampicillin, which had more isolates in that similar MIC range (Table 3). Of all isolates, S.
aureus and Proteus species were the most resistant to chloramphenicol and ampicillin, yielding MIC of 150
mg/ml and 64 mg/ml, respectively.
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Antibiotic  MIC range

Number of bacteria isolates

Total

ECO STA SAL KLE STR PSE PRO R-ECO R-PSE R-STA

Cefotaxime  

≤0.14 4 1 1 0 1 0 0 0 0 0 7

0.15-4.15 31 11 9 6 8 2 5 1 1 1 75

4.16-8.16 1 1 2 0 0 0 1 0 0 0 5

8.17-12.17 6 0 0 0 1 0 1 0 0 0 8

20.20-24.20 6 0 0 1 0 0 0 0 0 0 7

≥32.23 7 2 1 0 1 0 0 0 0 0 11

Total 55 15 13 7 11 2 7 1 1 1 113

Chloramphenicol

≤0.14 8 1 2 0 ND 0 2 0 0 0 14

0.15-4.15 34 11 9 5 ND 1 4 1 1 1 75

4.16-8.16 4 2 0 0 ND 0 0 0 0 0 6

12.18-16.18 6 0 2 2 ND 1 0 0 0 0 11

28.22-32.22 1 0 0 0 ND 0 0 0 0 0 2

≥32.23 2 1 0 0 ND 0 1 0 0 0 5

Total 55 15 13 7 ND 2 7 1 1 1 113

Ampicillin

≤0.14 6 0 3 0 0 0 0 0 0 0 9

0.15-4.15 21 10 8 5 4 1 4 1 1 1 56

4.16-8.16 4 2 0 0 0 1 0 0 0 0 7

12.18-16.18 9 0 0 2 4 0 2 0 0 0 17

28.22-32.22 5 0 0 0 0 0 0 0 0 0 5

≥32.23 10 3 2 0 3 0 1 0 0 0 19

Total 55 15 13 7 11 2 7 1 1 1 113

TABLE 3: Sensitivity of both Gram-negative and Gram-positive bacterial isolates to antibiotics
measured using minimum inhibitory concentration test.
ECO: Escherichia coli; STA: Staphylococcus aureus; SAL: Salmonella species; KLE: Klebsiella species; PRO: Proteus species; PSE: Pseudomonas
species; STR: Streptococcus species; R: Reference bacteria strains.
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FIGURE 2: Susceptibility profiles of bacterial isolates to two most
commonly used antibiotics.
ECO: Escherichia coli; STA: Staphylococcus aureus; SAL: Salmonella species; KLE: Klebsiella species;
PRO: Proteus species; PSE: Pseudomonas species; STR: Streptococcus species; R: Reference bacteria strains.

Results also show significant differences in susceptibility to tested cephalosporins. Cefuroxime was the least
effective in killing the bacteria, with mean MIC of 18 mg/ml and 24 mg/ml for S.
aureus and Staphylococcus isolates, respectively (df = 9; F = 2.615; p-value = 0.006), as depicted in (Figure
2B-2C). Similarly, based on the source of specimens, significant differences in susceptibility (MIC) were
observed among the isolates (df = 7; F = 4.533; p-value = 0.0001). These observations clearly show that
chloramphenicol is relatively more susceptible, exhibiting MICs of 6 mg/ml and 8 mg/ml
against Streptococcus species and S. aureus, respectively (Figures 1 and 2).

Discussion
Beta-lactam antibiotics are among the most frequently prescribed antibiotics worldwide [17]. However, in
the last few years, the emergence of resistance to these agents has become a major health problem [1,22],
particularly in resource-limited countries like Tanzania [1,3,13]. Several factors have been ascribed to this
situation, such as producing a variety of ß-lactamases that deactivate beta-lactam antibiotics, alterations in
the penicillin-binding proteins, outer membrane permeability, and combinations of multiple mechanisms of
resistance. This increase has paralleled the introduction, administration, and overuse of ß-lactam
antibiotics [17]. However, the prevalence of ESBL-producing bacteria in most hospitals remains unknown
despite numerous reports of nosocomial infection outbreaks due to these microorganisms. Important ESBL-
producing bacteria include K. pneumoniae, E. coli, Proteus mirabilis, Enterobacter species, Citrobacter
freundii, and P. aeruginosa, to cite a few [23].

Another study in Tanzania among poultry meat vendors in Dar es Salaam revealed that 35.7% of the
surveyed population harbored ESBL-producing E. coli and Klebsiella species [24]. These ESBL organisms
could easily spread from the vendors to the meat and, finally, to consumers in the food chain. ESBL
organisms found in environmental samples along the Msimbazi River Basin Ecosystem in Tanzania were
resistant to more than three classes of the antibiotics tested [5]. In another study in an urban study site in
Keko Machungwa, part of the most significant unplanned and under-serviced settlement in Temeke district,
Dar es Salaam, Tanzania, ESBL-producing Enterobacteriaceae were confirmed in 24.3% of the 70 latrine
samples [7].

The fact that most (64%) of the tested bacterial isolates were derived from midstream urine and that majority
(49.6%) comprised of E. coli is not uncommon since these are frequently implicated in UTIs [25].
Moreover, E. coli is isolated frequently because midstream urine is routinely done than other tests. Results
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also have revealed bacterial resistance, evidenced by high MICs, to both second and third lines
cephalosporins, which are the antibiotics of choice for bacterial infections in Tanzania. Chloramphenicol has
exhibited adequate effectiveness against the clinical isolates; this could be predictive of its revival since it
was considered obsolete for several bacterial infections [26]. Immediate action needs to be taken to alleviate
this situation.

The discrepancy in susceptibility observed among the bacterial isolates could be explained because they are
distinct species with different mechanisms of counteracting drugs action [21]. Nevertheless, the fact remains
that most of the Gram-negative isolates (68.2%) were identified as ESBL producers. This has economic
implications; thus, efforts should be directed toward curbing the situation before spreading all over the
country. Salmonella was the second most frequently isolated Gram-negative bacteria (11.7%). It is well
known that Dar es Salaam has sanitary problems, accompanied by a lack of portable and safe drinking water
and facilities for waste disposal. Thus typhoid fever and other water-borne bacterial infections are rampant.
Inappropriate antibiotic usage [16,17] and poor sanitary conditions could have greatly contributed to the
spread of antibiotic-resistant Salmonella isolates [7].

Our study revealed that 68.2% of the Gram-negative isolates were ESBL producers, while 61.5% of Gram-
negative isolates were beta-lactamase producers. Of all the isolates sampled, the majority (50.4%) were E.
coli. It is well recognized that E. coli's high agility in exchanging genetic information with various species is
not uncommon. The increased presence of E. coli in nature can partly explain this finding [5]. The
percentage of isolates expressing ESBL production is variable, as revealed by several previous studies: in the
United States is 9.2%, Argentina (48%), France (11.4%), and India (68%), which is relatively similar to our
findings. In these studies, the most frequently encountered ESBL producers were Gram-negative
bacilli, Klebsiella species, and E. coli [3,4,13].

The relative frequency of ESBL producing Gram-negative bacilli in our study coincides with what was
reported in Pakistan [27], where E. coli were also the predominant ESBL producing isolates (48%).
Identification of E. coli, P. aeruginosa, S. aureus and Klebsiella species as potential ESBL producers in this
study is of major concern for our country with the prevalence rate of approximately 7% of HIV-infected
individuals [28]. Simply because some of these bacteria are multidrug-resistant and causative agents of
opportunistic infections in immunocompromised individuals and critically ill patients in intensive care units
[29]. Suppose this situation is not contained and appropriate measures are adopted. In that case, the country
may be obliged to import more expensive antibiotics like carbapenems or cephamycins that appear to be
relatively unaffected by ESBL producers, especially when they are used in combination with an
aminoglycoside, fluoroquinolone, or ß-lactamase inhibitor [17,30]. Nevertheless, bacterial strains resistant
to most classes of antibiotics will continue to emerge unless inappropriate use of these antibiotics is
curtailed [31].

The study has some limitations, such as the small sample size used. In addition, the study relied on samples
collected for routine hospital use rather than a systematic sampling of isolates in the city of study. Likewise,
some bacteria were infrequently obtained from the clinical specimen sources, thus making the comparison
uneven. The comparison could have been more appropriate had we had an equal number of bacterial
isolates. Nevertheless, the study provides early evidence of the rising epidemic of ESBL and beta-lactamase-
producing pathogens in Tanzania.

Conclusions
We detected a higher proportion of beta-lactamase and particularly ESBL-producing pathogens with
resistance to beta-lactam antibiotics among Gram-negative and Gram-positive bacteria from clinical
isolates in Dar es Salaam. Therefore, tests for detecting beta-lactamase and ESBL production can be a quick
way to spot these antibiotic-resistant pathogens.
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relevant hospital authorities. All clinical isolates of bacteria were coded such that neither names nor
personal information was revealed for patients' confidentiality. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
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within the previous three years with any organizations that might have an interest in the submitted work.
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