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Abstract
Background  An important knowledge gap exists on the epidemiology of blood stream infections (BSIs) in low-
middle-income countries (LMICs). In this retrospective analysis, we evaluated the etiology, antimicrobial resistance 
(AMR) and trends of BSIs in Eritrea.

Methods  The study reviewed 9-year records (January 2014– December 2022) of 3153 patients with blood culture 
results available in the National Health Laboratory (NHL) archives. Relevant data included age, sex, hospital/care 
center, and year.

Result  During the surveillance period, we examined data from 3153 patients (1797 (57.0%) men vs. 1356 (43.0%) 
females, and 1.2 years (Q1: 0.01 months - Q3: 15 years). Of the samples submitted, 1026 (35.5%) samples were 
positive for the presence of pathogens (663(64.6%) pathogens vs. 363 (35.4%)) potential contaminants. In decreasing 
frequency, the most common isolates were: Coagulase-negative Staphylococcus (CoNs), 189 (28.6%); Klebsiella spp., 
120 (18.2%); Escherichia coli, 66 (10.0%); Citrobacter spp., 48 (7.3%); Staphylococcus aureus, 47(7.1%); Pseudomonas 
aeruginosa, 34 (5.1%); and Salmonella spp., 33(5.1). The relative prevalence of BSIs changed somewhat over time 
(p-value < 0.001) with the isolation of multiple isolates trending upward from 2018 and onwards. Additional findings 
included the likely presence of extended spectrum beta lactamase (ESBL), high frequency of methicillin resistant 
Staphylococcus aureus (MRSA) (37(80.4%) and high rate of resistance to gentamicin (363(62.5%) and fluoroquinolones. 
Furthermore, the multiple antimicrobial resistances (MAR) index was relatively high (mean = 0.55, SD: ±0.23) with 
wide species-level variation. In a related density cluster analysis, we demonstrated a time-dependent increase in the 
diversity of resistotypes.

Conclusion  This study highlights the considerable health burden of AMR/or MDR in BSIs in Eritrea. Additionally, 
it underscores the urgent need for enhanced laboratory capacity, surveillance, institutionalisation of antibiotic 
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Introduction
Blood stream infections (BSIs) have been described as 
a leading cause of death worldwide [1]. According to a 
recent Global Burden of Disease (GBD), collaborators 
report, the annual incidence of BSIs ranges between 80 
and 257 per 100,000 person years (PYs) [2]. In a related 
GBD collaborators report, estimates suggested that there 
were 48.9 million (95% uncertainty interval [UI] 38.9 mil-
lion– 62.9 million) incident cases of sepsis worldwide in 
2017 and 11.0  million (UI: 10.1  million– 12.0  million) 
deaths [1]. This accounted for 19.7% (18.2–21.4) of all 
global deaths. Other epidemiological indexes such as 
pathogen-specific incidence, age-standardized mortality 
rate; years of life lost (YLL); disability-adjusted life-years 
(DALY) also suggest a growing problem across all GBD 
super-regions [2].

The high burden of death and morbidity associated 
with antimicrobial resistance (AMR) has been linked to 
a number of factors including variations in the frequency 
/ burden of BSIs across GBD super-regions [3, 4]. In par-
ticular, several reports have established the presence of 
several pathogens in the WHO critical- and high-priority 
pathogens list in LMICs (Enterococcus faecium, Staphy-
lococcus aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, and Enterobac-
ter species (ESKAPE) organisms in particular [5, 6]. The 
presence of these pathogens, these authors conceded; is 
compounded by a high prevalence of AMR and / or mul-
tidrug resistance (MDR).

Although a severe dearth of comparative studies on 
outcomes associated with antimicrobial susceptible 
organisms and AMR/or MDR exists; a recent meta-ana-
lytical review demonstrated that AMR-related infections 
were generally associated with worse outcomes including 
higher crude mortality (Odds ratio (OR) 1.58 [95% confi-
dence interval (CI) 1.35–1.80]), higher odds of admission 
to intensive care units (OR 1.96 [ 95% CI: 1.56–2.47]); 
excess direct medical costs (US Dollars $12 442 [95% 
CI: US Dollars $6 693– US Dollars $18 191]) and greater 
length of hospital stay (LOS) [7]. Other investigators 
have reported similar results [8–10] with some studies 
suggesting that the problem is largely driven by specific 
drug-pathogen combinations. These include methicil-
lin resistant Staphylococcus aureus (MRSA); vancomycin 
resistant Enterococcus spp.; carbapenem-resistant Entero-
bacteriaceae; 3rd generation cephalosporin resistant 
Enterobacteriaceae (3GC-R), among others [11–13].

Globally, there is a realisation that the threat associated 
with AMR in BSIs is at a crisis point. At the same time, 

the problem is still understudied and is poorly docu-
mented in LMICs [4, 14]. This outcome is largely driven 
by under-resourced laboratories, inadequate manpower, 
lack of adequate diagnostics, and lack of surveillance net-
works [15]. In 2015, the WHO-led Global Antimicrobial 
and Surveillance System (GLASS) was established to help 
address this data gap. Although the number of countries 
participating in the WHO-GLASS-AMR program has 
increased; several gaps remain [4]. Key gaps include poor 
data quality due to low testing coverage, technical and 
methodological gaps in surveillance modalities; limited 
use of locally relevant data in policy formulation; and the 
absence of data from some countries.

In Eritrea, for example, data on BSIs AMR is extremely 
limited. This problem is highlighted by the fact that the 
country has not submitted data to successive GLASS-
AMR program data calls [4]. The paucity of data from the 
country is driven by multiple challenges. These include 
an extremely limited clinical microbiology laboratory 
(CML) coverage; overreliance on empirical treatment; 
gaps in the management of medical information– lack 
of integration of laboratory and clinical data; and gaps in 
the training of laboratory personnel. As a consequence, 
information on AMR in BSIs in the country depends 
heavily on modelling estimates [1].

In the past, experts have emphasized the need for 
locally relevant data on AMR. Underscoring this posi-
tion, they have argued that without AMR data, it is 
extremely difficult to make rational recommendations 
or monitor the effectiveness of in-country interventions. 
For a country like Eritrea, low quality data may translate 
into poor empiric antibiotic treatment strategies, soar-
ing AMR rates, inability to track and map the spread 
of AMR, detect early outbreaks, monitor intervention 
efforts, undertake informed prioritization of resource 
allocation, and set data-driven AMR intervention strate-
gies and standards. Due to the absence of data on AMR 
in BSIs in Eritrea; this study aimed to identify common 
etiological agents for BSIs from several tertiary level hos-
pitals with a large volume of patients in Asmara, Eritrea, 
and evaluate AMR and MDR patterns and trends.

Methods
Study setting, patient population, and design
This study sought to identify blood stream infection-
causing bacterial pathogens, their antimicrobial suscep-
tibility patterns, and associated trends in Eritrea, using 
secondary information collected from pediatric and 
adult patients. Overall, the study used 9-year (January 

stewardship programs, and robust infection control programs in hospitals across the country. The need for 
multidisciplinary research was also highlighted.
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2014– December 2022) worth of data from the National 
Health Laboratory (NHL) logbook. The use of data at the 
NHL was premised on a number of considerations. First, 
the institution serves as the reference medical laboratory 
for all health institutions in Eritrea. More importantly, it 
is the only institution in Eritrea with a microbiology unit 
that can culture bacteria or perform antimicrobial sensi-
tivity tests (AST).

In the period under study (2014–2024), 2342 samples 
were submitted by the Orotta Pediatric Hospital (OPH); 
747 by Orotta National Reference Hospital (ONRH). Haz 
Haz, Sembel and others submitted 25, 14 and 25 samples 
respectively. Figure  1 shows the distribution of posi-
tive samples. Further, it must be emphasised that some 
of the patients from the stated national reference hospi-
tals were referred from other care centres in the country. 
This means that patients from these institutions are from 
different regions and come from a wide pool of special-
ity clinics / wards including medical, intensive care units 
(ICU), oncological, surgical, outpatient departments, 
urological, gynecological, general and subspecialized sur-
gical units, among others.

Data collection methods
The study reviewed 9 years (January 2014– December 
2022) of archival records of blood culture results in 3153 
patients. Data were collected from laboratory records by 
trained laboratory personnel and subsequently entered 
into Excel spread sheets. After individual parsing of the 
captured data, deduplication was performed using the 
deduplication functionality of the R statistics software 
R version 3.6.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Culture and identification of bacteria
An evaluation of the protocol for blood cultures used 
at the NHL did not uncover any changes over the study 
duration. The protocol requires the use of 5 ml and 2 ml 
of blood from adults and children, respectively. The col-
lected blood samples were inoculated onto brain heart 
infusion bottles in 1:10 ratio and incubated at 37 ° C for 
18–24 h. After incubation, the samples were sub-cultured 
onto Chocolate agar. Negative blood culture results were 
followed for a minimum of 5 days. Macroscopic colony 
and Gram stain characteristics were used for preliminary 
evaluation and presumptive identification of Gram-neg-
ative (Gram– ve) and Gram positive (Gram + ve) isolates 
was undertaken through a series of biochemical tests. 
Isolates were subsequently subjected to antimicrobial 
susceptibility testing (AST). The shipment of samples and 
the evaluation of bacterial contaminants were based on 
in-house guidelines.

Antimicrobial Susceptibility Testing (AST)
AMR testing was performed using the disk diffusion 
method (modified Kirby–Bauer method) on Mueller-
Hinton agar. Antibiotics used for Gram-negative bacteria 
included: amikacin (30  µg); gentamicin (10  µg), cotri-
moxazole/trimethoprim– sulphur, methoxazole (TMP-
SMZ) (1.25/23.75  µg), cephalexin (30  µg), ceftazidime 
(30  µg), ceftriaxone (30  µg), nalidixic acid (30  µg), cip-
rofloxacin (5  µg), chloramphenicol (30  µg), tetracycline 
(30 µg), vancomycin (30 µg), clindamycin (2 µg), penicil-
lin G (10 units), oxacillin (4 ug / ml), ampicillin (10 µg), 
erythromycin (15 µg), nitrofurantoin (300 µg). ATCC cul-
ture Staphylococcus aureus ATCC 25,923 and Escherichia 
coli ATCC 25,218 are normally used as controls.

Fig. 1  Flow chart of patient data
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Finally, the minimal inhibition concentration (MIC) 
breakpoints of the Clinical and Laboratory Standards 
Institute (CLSI) are used to define AMR [16]. In this 
analysis, characterisation of antibiotic susceptibility was 
based on the latest CLSI guidelines [16]. According to 
these specifications, isolates are categorised as “S” = Sus-
ceptible; Intermediate = ‘I’ and Resistant ‘R. In our anal-
ysis, I and R were merged (I + R) and were subsequently 
reported as ‘R’.

Determination of MDR and Multiple Antibiotic Resistance 
Index (MAR) and identification of contaminants
According to the European Center for Disease Preven-
tion and Control and other agencies; MDR resistance 
can be defined as the in vitro nonsusceptibility to one or 
more drugs/agents in three or more classes of antibiot-
ics [17]. Multiple antibiotic resistance (MAR) index was 
evaluated using the formula: MAR = n (number of agents 
to which the isolates were resistant)/N (total number 
of agents tested) [18]. Blood culture contamination was 
calculated using the formula: (Isolates of Coagulase-neg-
ative staphylococci (CoNs), Gram positive bacilli (GPB), 
and viridans group of Streptococcus without AST data) / 
(Total number of recovered isolates) X 100.

Statistical analysis
Data collected from the NHL register was entered into an 
Excel Spreadsheet. For subsequent analysis, the informa-
tion was transferred to the Statistical Package for Social 
Sciences (SPSS) version 23 software (IBM Co., Armonk, 
NY, USA) or R version 3.6.1 (R Foundation for Statisti-
cal Computing, Vienna, Austria). The Gaussian distribu-
tion of the data was tested using the Shapiro-Wilks test. 
Where appropriate, mean [± standard deviation (± SD)] 
or median [interquartile range (IQR)] and related para-
metric and nonparametric statistics (t-test and ANOVA 
or Mann Whitney U and Kruskal Wallis) were used. For 
categorical variables, Chi-square tests (χ2) and /or Fish-
ers exact test were used. Trends per year were evaluated 
using Cochran-Armitage test for trends. P-values < 0.05 
were considered statistically significant.

Ethical considerations
This study relied exclusively on information on BSIs and 
associated metadata registered in the NHL logbook. 
To use this information, ethical approval was obtained 
from the Ministry of Health Research Ethics and Proto-
col review committee (approval number: Ref: 05/2022). 
To meet the specific consent condition set by the ethical 
committee, personal identifiable information was deleted 
during the preliminary phase of data collection. As con-
sequence, informed consent was not required from 
patients.

Results
General description of patient data
During the surveillance period (January 2014– Decem-
ber 2022 = 9 years), data from 3153 patients (1797 (57.0%) 
men vs. 1356 (43.0%) females) from multiple institu-
tions - mainly in Asmara, was retrieved. The median 
age (IQR) was 1.2 years (Q1: 0.01 months, Q3: 15 years). 
Importantly, significant year-to-year variation in testing 
was observed across disparate age scales. For example, 
we observed a decline of samples from neonates (< 28 
days old) from 316 (46.8%) in 2016 to 0.0 in > 2020. In 
patients in the > 28 days − 1 year age range, an increase 
was observed from 100 (14.8%) to 322 (33.8%). Similar 
increases were observed for patients > 15 years of age. 
Table 1.

Blood culture positivity
Recovery rate was calculated from the 3153 samples 
submitted. Based on the previously stated formula, 
the recovery rate was 1026 (32.5%). Disaggregation of 
recovery rate with respect to year, location, age and sex 
demonstrated the following: that recovery rates dif-
fered across scalar years: < 2016 (161(22.9%); 2017–2018 
(118 (27.0%)); 2019–2020 (312 (34.4%)), and > 2020 
(435(33.8%); p value < 0.001. Recovery rates also differed 
with respect to location. In decreasing frequency, the 
rates were 800 (34.0%) for OPH; 217(29.0%) for ONRH; 
3(21.4%) for Sembel; 3(12.0%) for Haz Haz and 3(12.0) 
for others (p value = 0.002). Rates of isolation also differed 
with respect to age. Figure 2.

Characterisation of pathogens
Of the 1026 recovered isolates, 663(64.6%) were identi-
fied as pathogens while 363 (35.4%) were identified as 
potential contaminants. In decreasing frequency, the pro-
portions of pathogenic bacteria were as follows: CoNs, 
189 (28.6%); Klebsiella spp., 120 (18.2%); Escherichia coli, 
66 (10.0%); Citrobacter spp., 48 (7.3%); Staphylococcus 
aureus, 47(7.1%); Pseudomonas aeruginosa, 34 (5.1%); 
and Salmonella spp., 33(5.1). In contrast, Acinetobacter 
spp., and Streptococcus pneumoniae were isolated small 
in numbers: 5 (0.8%) and 2(0.3%).

The relative prevalence of BSIs changed somewhat with 
time (p value < 0.001). For example, a large proportion of 
Enterobacter spp., and Salmonella spp., BSI were isolated 
after 2020–17 (56.7%) and 26(78.8%), respectively. Simi-
larly, the isolation of Klebsiella spp., Escherichia coli, and 
Pseudomonas aeruginosa trended upward in later years 
(after 2018).
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Antimicrobial drug resistance in blood Stream isolates 
from specific clinics in Asmara, Eritrea
Resistance of gram-positive bacteria
In the present study, the antimicrobial resistance profile 
of Staphylococcus aureus and CoNs was evaluated. AMR 
patterns are summarized in Table  2. Overall, 37(80.4%) 
of the Staphylococcus aureus isolates were resistant to 
Oxacillin (marker of MRSA). Resistance to gentami-
cin, TMP-SMZ, ciprofloxacin, tetracycline, erythromy-
cin, penicillin, ampicillin and vancomycin stood at 104 
(56.5%), 26 (68.4%); 19(45.2%), 18(43.9%), 18 (42.9%), (38 
(86.4%), 37(80.4%), 13(27.2%) respectively.

Among CoNs, resistance to penicillin, ampicillin, Oxa-
cillin, vancomycin, gentamicin, stood at 168 (92.3%), 

171 (94.5%) and 171(94.5), 66(35.5%), and 104 (56.5%), 
respectively. Finally, a low resistance rates was observed 
for chloramphenicol, 23(12.8%).

Resistance of gram-negative bacteria
Escherichia coli had a relatively high rate of resistance to 
gentamicin, 36 (55.4%); TMP-SMZ, 261(71.7%); 3rd gen-
eration cephalosporins (3GC) - cephalexin, 44 (60.8%), 
ceftazidime, 39 (60.9%), ceftriaxone, 39 (60.9%); tetracy-
cline, 41(66.1%); and ampicillin 61(92.4%). Moderately 
high resistance was observed for quinolones - nali-
dixic acid, 32(52.5%) and ciprofloxacin 30(46.9%); and 
chloramphenicol, 17(26.2%). Although the number of 

Table 1  Year-to-year comparisons of patient demographic profiles, sample distribution, and pathogen distribution of blood stream 
infection data from the national microbiology laboratory, Asmara, Eritrea: 2014–2022
Characteristics ≤ 2016 n (%) 2017–2018 n (%) 2019–2020 n (%) > 2020 n (%) p-value (χ2) Total n(%)
Population 675 (21.4) 437 (13.9) 907(28.8) 1134(36.0) - 3153
Gender
  Male 364(53.9) 248(56.8) 529(58.3) 656(57.8) 0.309 (3.6) 1797 (57.0)
  Female 311(46.1) 189(43.2) 378(41.7) 478(42.2) 1356(43)
Age (years)
  <1 month 316(46.8) 103(23.6) 286(31.5) 0(0.0) < 0.001

(594.17)
705(23.7)

  >1 month– 1year 100 (14.8) 92(21.1) 149(16.4) 322(33.8) 663(22.3)
  >1–15 years 165(24.4) 140(32.0) 237(26.1) 284(29.8) 826(27.8)
  >15–40 years 66(9.8) 70(16.0) 113(12.5) 173(18.2) 422(14.2)
  > 40 years 28(4.1) 32(7.3) 122(13.5) 173(18.2) 355(11.9)
Hospital
  OPH 579(85.8) 332(76.0) 668(73.6) 763(67.3) < 0.001(86.9) 2342(74.3)
  ONRH 82(12.1) 98(22.4) 230(25.4) 337(29.7) 747(23.7)
  Others 14(2.1) 7(1.6) 9(1.0) 34(1.1) 64(2.0)
Gram Staining
  Gram Negative 44(36.7) 39(60.0) 113(63.1) 146(61.9) < 0.001(25.5) b 342(57.0)
  Gram Positive 76(63.3) 26(40.0) 66(36.9) 90(38.1) 258(43.0)
Culture outcome
  Positive cultures 161(23.9) 118 (27.0) 312 (34.4) 435(38.4) < 0.001 (48.24) b 1026(32.5)
Positive
  Positive - Pathogens 124 (18.4) 70 (16.0) 186(20.5) 283(25.0) < 0.001 (61.03) 663(64.6)
  Positive - Potential contaminants 37(5.5) 48(11.0) 126 (13.9) 152(13.4) 363 (35.4)
Common isolates
  CoNs 60 (48.4) 15 (21.4) 49 (26.3) 65 (23.1) < 0.001 (137.34) 189 (28.5)
  Enterobacter spp. 3 (2.4) 3(4.3) 7(3.8) 17(6.0) 30 (4.5)
  Staphylococcus aureus 10(8.1) 8(11.4) 14(7.5) 15(5.3) 47(7.1)
  Klebsiella spp. 25(20.2) 15(21.4) 39(21.0) 41(14.6) 120(18.2)
  Escherichia coli 7(5.6) 7(10.0) 23(12.4) 29(10.3) 66(10.0)
  Pseudomonas spp. 2(1.6) 5(7.1) 18(9.7) 9(3.2) 34 (5.1)
  Salmonella spp. 3(2.4) 0(0.0) 4(2.2) 26(9.3) 33 (5.0)
  Citrobacter spp. 2(1.6) 6(8.6) 17(9.1) 23(8.2) 48(7.3)
  Acinetobacter spp. 2 (1.6) 2(2.9) 1(0.5) 0(0.0) 5(0.8)
  Streptococcus pneumoniae 1 (0.15) 1(0.15) 0 (0.0) 0(0.0) 2(0.3)
  GPB 0(0.0) 0 (0.0) 0 (0.0) 35(12.5) 35 (5.3)
  Other GNB 5 (4.0) 3(4.3) 10(5.4) 12(4.3) 30(4.5)
Note. Data are presented as mean standard deviation or n (%). Abbreviations: OPH: Orotta Pediatric Hospital; ONRH: Orotta National Referral Hospital; CoNs: 
Coagulase negative Staphylococcus; GPB: Gram positive bacilli: other Gram-negative Bacteria (GNB): Proteus spp., Providentia spp, Haemophilus influenza. B: Cochran-
Armitage trend test
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Fig. 2  Graphs showing the distribution of pathogens with age, sex, and hospital
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Escherichia coli isolates tested for resistance to amikacin 
was low, it had the lowest resistance, 7(11.9%).

Among Klebsiella pneumoniae, high resistance rates 
were observed for gentamicin, 97(83.7%); TMP-SMZ 
47(75.8%); 3GC, cephalexin, 92 (86.8%); ceftazidime, 
84 (74.3%); ceftriaxone, 95(81.5%); and ampicillin, 112 
(95.7%). In addition, a moderately high rate of resistance 
was observed for chloramphenicol, 46(40.7%) and tetra-
cycline, 50(48.1%). On the contrary, lower resistance rates 
were observed for quinolones nalidixic acid (20 (18.7%) 
and ciprofloxacin, 21(18.8%) and amikacin, 5(4.9%).

In Pseudomonas aeruginosa, high resistance was 
observed for gentamicin; 3GC; chloramphenicol; tetracy-
cline; and ampicillin. Among the relatively low number of 
isolates tested, a lower resistance to amikacin and cipro-
floxacin was observed, 5 (15.6%) and 8 (25%).

Finally, Salmonella Typhi isolates exhibited a high 
rate of resistance for all agents tested except amikacin 
1(3.7%) and quinolones (nalidixic acid, 4(13.8%) and 

ciprofloxacin, 2(6.5%). Resistance profiles for the other 
GNB are shown in Table 2.

Trends in antimicrobial drug resistance in blood stream 
infections in patients from Eritrea
Trends in AMR in BSIs were evaluated for specific micro-
organisms. Detailed resistance rates for selected antibiot-
ics per year are shown in Table 3. For example, Klebsiella 
spp., Escherichia coli, Pseudomonas aeruginosa, CoNs 
and Staphylococcus aureus, exhibited high (> 91.3%) and 
sustained rates of resistance to ampicillin. Most notably, 
Klebsiella spp., exhibited reduced resistance to several 
agents– ceftazidime, peak of 14 (93.3%) in 2017–2018 and 
22(55.0) in > 2020, p value 0.005; ciprofloxacin, 4(26.7%) 
in 2017–2018 and 6(15%) in > 2020, p value < 0.001; 
TMP-SMZ, 10(83.3%) in < 2016 to 23(57.5%) in > 2020, 
p-value < 0.020; tetracycline 8(61.5%) in 2017–2018 to 
16(40%) in > 2020, p value 0.002; and chloramphenicol, 
16(66.7%) in < 2016 to 9(22.5%) in 2020, p value 0.003. On 

Table 2  Antibacterial resistance profiles of bacteria and pathogens isolated from blood culture in patients from Eritrea, 2014–2022
Antibiotic Overall R 

(%)1
E. coli
R (%)

Klebsiella 
spp. R (%)

Entero-
bacter
R (%)

Pseudo-
monas spp 
R (%)1

Citrobac-
ter
R (%)1

Salmo-
nella spp 
R (%)

Other 
GNB R 
(%)1

S. aureus
R (%)

CoNs
R (%)

Aminoglycosides
  Amikacin 27(8.6) 7(11.9%) 5(4.9) 2(7.4) 5(15.6) 4(9.1) 1 (3.7) 3(11.1) - -
  Gentamicin 363(62.5) 36(55.4) 97(83.7) 16(57.1) 18(54.5) 39(81.2) 17(54.8) 22(71.0) 14(31.1) 104(56.5)
Anti folate
  TMP-SMZ 261(71.7) 47(75.8) 77(74.8) 19(67.9) 18(54.5) 36(76.6) 20(69.0) 17(77.3) 26(68.4) 1(50)
Cephalosporins
  Cephalexin 3rd 273(83.7) 44(69.8) 92(86.8) 25(89.3) 25(78.1) 45(95.7) 23(79.3) - - -
  Ceftazidime3rd 233(68.5) 39(60.9) 84(74.3) 14(48.3) 22(66.7) 36(76.6) 23(74.2) 15(65.2) - -
  Ceftriaxone 3rd 251(73.0) 39(60.9) 95(81.5) 22(75.9) 16(48.5) 40(85.1) 21(67.7) 18(78.3) - -
Quinolone
  Nalidixic acid 1st 112(34.5) 32(52.5) 20(18.7) 7(25.9) 19(57.6) 19(40.4) 4(13.8) 9(47.4) 2(100.0)
  Ciprofloxacin 2nd 115(29.4) 30(46.9) 21(18.8) 9(31.0) 8(25.0) 11(22.9) 2(6.5) 15(50.0) 19(45.2) 0(0)
Phenicols
  Chloramphenicol 188(32.6) 17(26.2) 46(40.7) 14(48.3) 20(62.5) 23(50) 18(58.1) 17(48.6) 10(21.7) 23(12.8)
Tetracyclines
  Tetracycline 213(57.0) 41(66.1) 50(48.1) 15(55.6) 23(71.9) 28(60.9) 19(65.5) - 18(43.9) 1(50.0)
Glycopeptide
  Vancomycin 80(32.8) - - - - - - - 13(27.7) 66(35.5)
Lincosamides
  Clindamycin 6(12.8) - - - - - - - 6(14.3) 0.0)
Beta-Lactams
  Penicillin 206(90.7) - - - - - - - 38(86.4) 168 

(92.3)
  Oxacillin 208(91.2) - - - - - - - 37(80.4) 171(94.5)
  Ampicillin 333(94.3) 61(92.4) 112(95.7) 29(96.7) 31(93.9) 45(93.8) 25(80.6) 30(83.3) - -
Macrolides
  Erythromycin 18(42.9) - - - - - - 18(42.9) 0
Other
  Nitrofurantoin 155(42.2) 12(19.0) 14(51.9) 25(80.6) 31(66.0) 4(13.8) 16(72.7) 4(9.8) 1(33.3)
Abbreviation: Overall R: Overall resistance; GNB– Gram-Negative Bacteria; GNP– Gram positive bacteria, CoNs: coagulase negative staphylococcus; TMP-SMZ: 
Trimethoprim sulfamethoxazole;

Description: Other GNB: Other gram-negative bacteria
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Table 3  Resistance patterns for specific pathogens for selected antibiotics per year
Isolates < 2016 n(%) 2017–2018

n(%)
2019–2020
n(%)

> 2020
(%)

P value (χ2)b

Klebsiella spp.,
  Ampicillin 21 (91.3) 14(100) 37(100) 40(100) 0.234 (8.05)b

  Ceftazidime 17(73.9) 13(92.9) 32(88.9) 22(55.0) 0.015 (15.71)b

  Ceftriaxone 19(76.0) 14(93.3) 32(86.5) 30(75.0) 0.212 (8.38)
  Ciprofloxacin 0 (0) 4(26.7) 11(29.7) 6(15.0) < 0.001 (31.9)b
  TMP-SMZ 10(83.3) 11(78.6) 33(89.2) 23(57.5) 0.020 (15.05)
  Gentamicin 22(88) 14(93.3) 34(91.9) 27(69.2) 0.105 (10.51)
  Tetracycline 1(6.2) 8(61.5) 25(71.4) 16(40.0) 0.002 (21.25)b
  Chloramphenicol 16(66.7) 9(64.3) 12(34.3) 9(22.5) 0.003(19.7)b
Escherichia coli
  Ampicillin 5(83.3) 6(100) 23(100) 27(93.1) 0.444 (5.82)
  Ceftazidime 3(50) 5(83.3) 17(73.9) 14(35.9) 0.325 (6.95)
  Ceftriaxone 2 (33.3) 4(66.7) 14(60.9) 19(65.5) 0.480 (5.51)
  Ciprofloxacin 1(20) 4(57.1) 9(39.1) 16(55.2) 0.384 (6.36)
  TMP-SMZ 3(100) 6(85.7) 18(78.3) 20(69) 0.542(2.15)
  Gentamicin 2(33.3) 4(57.1) 16(69.6) 14(48.3) 0.140 (9.65)
  Tetracycline 1(25) 4(57.1) 17(73.9) 19(67.9) 0.25(7.84)
  Chloramphenicol 2(28.6) 2(28.6) 8(36.4) 5(17.2) 0.489 (2.42)
Pseudomonas aeruginosa
  Ampicillin 2(100) 4(80.0) 16(94.1) 9(100) 0.351(6.69)
  Ceftazidime 1(50) 4(80.0) 14(82.4) 3(33.3)
  Ceftriaxone 1(50) 4(80) 7(41.2) 4(44.4) 0.409 (6.13)
  Ciprofloxacin 0 (0) 1(25.0) 4(23.5) 3(33.3) 0.928 (1.91)
  TMP-SMZ 2(100) 2(40.0) 7(41.2) 7(77.8) 0.315 (7.06)
  Gentamicin 1(50) 3(60) 8(47.1) 6(66.7) 0.946(1.69)
  Tetracycline 0 (0) 3(60) 12(70.6) 8(88.9) 0.357(6.62)
  Chloramphenicol 1(50) 3(60) 10(62.5) 6(66.7) 0.642(4.26)
CoNs
  Vancomycin 10(17.2) 1(6.7) 12(24.5) 43(65.2) < 0.001 (46.2)
  Oxacillin 54(90) 11(100) 48(98.0) 58(95.1) 0.361(6.59)
  Gentamicin 23(38.3) 9(69.2) 47(25.5) 64(34.8) < 0.001(24.46)
  Chloramphenicol 3(5.5) 3(20) 7(14.3) 10 (16.7) 0.515 (5.23)
Staphylococcus aureus
  Oxacillin/MRSA 9(90) 7(87.5) 10(71.4) 11(78.6) 0.330(5.00)
  Ciprofloxacin 0 (0) 4(57.1) 10(71.4) 5(33.3) 0.045(12.87) b
  Vancomycin 2(20) 1(12.5) 3(21.4) 7(46.7) 6.97(0.324)
  TMP-SMZ 3(100) 4(57.1) 10(71.4) 9(64.3) 0.58 (1.97)
  Erythromycin 1(20) 6(75.0) 6(42.9) 5(33.3) 0.29(7.37)
  Clindamycin 2(33.3) 0(0) 2(14.3) 2(13.3) 0.554(4.92)
Total
  Ampicillin 38(84.4) 38(97.4) 111(96.5) 146(94.8) 0.012(16.29)
  Ceftazidime 28(63.6) 29(80.6) 97(87.4) 79(53.0) < 0.001(40.36) b
  Ceftriaxone 28(59.6) 31(86.1) 84(75.0) 108(72.5) 0.039(13.3)
  Ciprofloxacin 3(6.7) 17(36.2) 49(38.3) 46(26.9) < 0.001(43.66)
  TMP-SMZ 19(76.0) 32(69.6) 100(78.7) 110(66.3) 0.062(12.00)
  Gentamicin 56(47.9) 43(70.5) 127(73.8) 137(59.3) < 0.001(32.8)
  Tetracycline 5(15.2) 24(52.2) 85(67.5) 99(58.6) < 0.001(38.76)
  Chloramphenicol 28(24.8) 29(46.0) 63(36.8) 68(29.7) 0.018(15.3)
Abbreviation: CoNs: coagulase negative staphylococcus; TMP-SMZ: Trimethoprim sulfamethoxazole

Number of tested isolates/numbers of resistant isolates (% resistant). Superscript b: linear-to-linear association. Statistics
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the contrary, Staphylococcus aureus exhibited reduced 
resistance to ciprofloxacin, from 4(57.1%) in 2017–2018 
to 5(33.3) in > 2020, p-value 0.045.

Resistotypes in BSI–related pathogens
Analysis of 50 most frequent resistotypes was under-
taken. In decreasing frequency, resistance to both 
gentamicin and ampicillin was as follows: 39(83.0) in 
Citrobacter spp.; 93(80.9%) in Klebsiella pneumoniae; 
18(64.3%) in Enterobacter spp.; 37(57.8%) in Escherichia 
coli; 17(54.8% in Salmonella spp.; 18(54.5%) in Pseudo-
monas aeruginosa. Figure  3 presents a summary of 50 
most common resistotypes.

Time series illustrating the prevalence and trends of multi-
drug resistance (MDR) in blood stream isolates from patients 
in Eritrea, 2014–2021
During the entire surveillance period, MDR was 
reported in 472 (79.1%) of the isolates. In Escherichia 
coli, MDR increased from a low point of 3(42.9%) in 
the period < 2016 to 26(89.7%) in > 2020. This trans-
lated into an overall MDR of 56(84.8%). In CoNs, overall 
MDR resistance was 119(63.0%). MDR increased from 
25(41.7%) in the period ≤ 2016 to 50(76.9%) in > 2020 
period. In other organisms, MDR rates were persistently 
high (Klebsiella spp., 104 (88.9%); Enterobacter spp., 
28(93.3%); Pseudomonas spp., 32(97.0%); Citrobacter 
spp., 45 (93.8%); Other GNB, 31(86.1%); Salmonella spp., 
24(77.4%); Staphylococcus aureus, 33(70.2%)). Table 4.

Table 4  Prevalence of multidrug resistance (MDR) positivity among commonly isolated bacteria that cause sepsis in patients in 
Asmara, Eritrea: 2014–2021
Year Multi-drug resistance in uropathogenic bacteria (MDR in BSIs)

E. colin (%)1 Klebsiel-
laspp. n (%)1

Enterobac-
terspp.
n (%)1

Pseudo-
monasspp. n 
(%)1

Citrobacter
n (%)1

Other GNB 
n(%)1

Salmonella 
sppn (%)

Staphylococ-
cus aureusn 
(%)

CoNs 
(%)

≤ 2016 3(42.9) 23(92.0) 3(100) 2(100) 1(100) 6(75) 2(66.7) 7(70.0) 25 (41.7)
2017–2018 6(85.7) 14(93.3) 2(66.7) 5(100) 6(100) 4(80) - 6(75.0) 9(60.0)
2019–2020 21(89.7) 35(94.6) 7(100) 16(94.1) 16(94.1) 10(90.9) 3(100) 10(71.4) 35(71.4)
> 2020 26(89.7) 32(80.0) 16(94.1) 9(100) 22(95.7) 11(91.7) 19(76.0) 10(66.7) 50(76.9)
P value 0.012 (10.87)b 0.174 (4.97) 0.245 (4.16) 0.808 (0.971) 0.069 (7.08) 0.681(1.50) 0.576(1.10) 0.980 (0.19) < 0.001 

(18.67) b

Total 56(84.8) 104(88.9) 28(93.3) 32(97.0) 45(93.8) 31(86.1) 24(77.4) 33(70.2) 119(63.0)
Abbreviations: GNB– Gram-Negative Bacteria; GPB - Gram-positive bacteria, Superscript b: Linear-to-linear association. Other GNB: Proteus spp, Providentia spp.

Fig. 3  Fifty most common resistotypes in isolates from patients with BSIs in Eritrea
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Separately, analysis of trends demonstrated an increase 
in MDR for CoNs and Acinetobacter spp., p-value < 0.001 
and 0.04, respectively. In contrast, Klebsiella spp., dem-
onstrated a reduction in MDR (p value < 0.05). Other iso-
lates had relatively high, albeit stable changes, in MDR 
trends. Figure 4.

Multidrug resistance index patterns in blood stream isolates 
from Asmara, Eritrea
The analyses of the MAR index demonstrated that 472 
(79.02%) of the isolates had a MAR index > 2. Among 
gram–ve isolates, 13 (2.01%) were fully susceptible 
(MAR = 0) and 11 (1.84%) were resistant to all agents 
tested (MAR = 1). Table 5. Furthermore, analysis of trends 
demonstrated a significant cluster of resistotypes in later 
years. Supplementary Fig. 2 and Fig. 5.

Table 5  Multidrug resistance index patterns of bacterial isolates from blood culture of patients from specific hospitals in Asmara, 
Eritrea, 2014–2022
Number of resis-
tant isolates
(R)

Bacterial isolates
E. coli
n(%)

Klebsiella 
spp. n (%)

Enterobac-
ter
n (%)

Pseudomonas 
spp n (%)1

Citrobacter
n (%)1

Salmonella 
spp n (%)

Other GNB 
n (%)1

S. aureus
n (%)

CoNs
n(%)

R0 2 0 1 0 0 3 1 1 5
R1 7 8 1 0 1 4 3 4 13
R2 1 5 0 1 2 0 1 9 52
R3 7 3 6 1 1 2 4 5 70
R4 7 11 2 4 3 2 5 4 37
R5 3 8 3 3 3 0 4 7 12
R6 2 14 1 7 6 1 4 7 -
R7 7 22 3 3 6 4 4 7 -
R8 9 24 4 3 6 12 3 1 -
R9 12 14 6 6 7 2 1 2 --
R10 8 8 2 2 10 0 4 0 -
R11 1 0 1 3 3 1 2 0 -
MAR index 0.52 0.57 0.56 0.58 0.62 0.49 0.55 0.4 0.58
Abbreviations: E. coli: Escherichia coli; GNB: Gram Negative bacteria; CoNs: Coagulase negative staphylococcus; n: Number of isolates; R: resistance, R0: No resistance; 
R1: Resistant to 1antibiotic; R2: Resistant to 2 antibiotics

Fig. 4  Trends in MDR and related 95% CI for specific isolates
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Discussion
In their 2022 report, the GLASS-AMR group of experts 
noted that a high percentage of AMR and AST tests 
within a country are essential to optimise the empirical 
treatment of BSIs. Unfortunately, there is a wide intra- 
and inter-country/or regional variation in testing cover-
age. In a recent analysis of LMIC vs. HIC data on BCIs, 
the researchers demonstrated that HICs tend to have 
greater testing coverage (> 229.4–826.6 per 1 000 000 
vs. < 0.7–3.3 per 1000 000 population for countries in East 
Africa [4]. In our study, we observed that over a 9-year 
period, the NHL received ~ 3153 blood culture samples 
from a population of ~ 4 000 000 or 87.58 samples per 1 
000 000 population per year.

Under-utilisation of clinical microbiology services 
(CMS), even in the treatment of patients with sepsis; is 
a well-documented phenomenon in LMICs [4, 19]. The 
severity of this problem can be demonstrated by the large 
gap between sepsis estimates in LMICs and BCI per 
1000 000 population. For most countries in East Africa, 
for example, sepsis estimates are below the recent GBD 
BCI per 1000 000 population estimates: > 2500 to < 3400 
per 100 000 vs. < 0.7–3.3 per 1000 000 [1, 4]. All in all, 
one inescapable conclusion from these results is that the 
CMS in NHL is underutilised and that the treatment of 
sepsis in Eritrea is largely unguided by AST data.

The limited range of antibiotics tested and the limited 
range of media used in this laboratory can undermine 
diagnostic and surveillance functions. Examples of anti-
biotics that were not tested but are widely used in the 
country included amoxicillin [20]. Other agents included 
Amoxicillin/clavulanic acid (Augmentin©) – used in 
the combination disk diffusion test (CDDT) for ESBL -/
AmpC β-lactamases (AmpC)-/carbapenemases produc-
ing organisms [21]. It should be noted that confirma-
tory testing for ESBL production using phenotypic tests 
such as CDDT or molecular methods is recommended 
for 3GC-R organisms [22]. Additionally, several tech-
niques used at the NHL for AST evaluation are not rec-
ommended in the CLSI M100 guideline. These include 
the use of oxacillin instead of cefoxitin for the detection 
of MRSA; and the disc diffusion method, instead of MIC 
methods (E test and broth dilution test), for the evalua-
tion of vancomycin resistance [16]. In the former, experts 
have argued that cefoxitin is a better inducer of mecA-
mediated resistance and that disc diffusion methods can 
overestimate vancomycin resistance [23].

Separately, we demonstrated a correlation between dis-
tance to the laboratory and pathogen recovery rates. In 
terms of distance with respect to NHL, Sembel and Haz 
Haz, which recorded the lowest recovery rates, are the 
farthest. This finding highlights a potential problem with 
existing specimen transport modalities. By and large, the 

Fig. 5  Variation from year to year in the clustering of total MAR in patients with BSIs in Eritrea. Data from National Health Laboratory, 2014–2022
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use of out-dated tests (a common practice in most CML 
in Sub-Saharan Africa), along with the inability to test 
for specific drug-pathogen combinations listed in the 
WHO Priority Level (critical) list (Carbapenem-resistant 
Enterobacteriaceae) needs argent re-evaluation.

Based on these findings, the need to build capacity is 
clearly highlighted. The decentralisation of CMS and the 
adoption of automated continuous monitoring blood cul-
ture instruments (BACTEC, VersaTREK, or VITEK) in 
the NHL can be recommended. Other options, atleast in 
the long term; may include the adoption of fast identifi-
cation methods such as matrix-assisted laser resorption/
ionization - time of flight mass spectroscopy (MALDI 
TOF MS); real-time polymerase chain reaction (RT-PCR) 
based methods; fluorescence in situ Hybridization (FISH) 
based methods; whole genome sequencing, and other 
molecular assays [24].

Another prominent finding, with a far-reaching impli-
cation for CML practice in Eritrea, was the incidence of 
blood culture contamination (BCC). In general, BCC in 
BSIs in LMICs is poorly researched [4]. In the limited 
number of published BSI literature with BCC informa-
tion, considerable heterogeneity abounds with respect 
to the methods used to distinguish between true patho-
gens and contaminants [25–28]. For example, Berkeley 
et al.. (2005) employed an identity-based system which 
classified all isolates of CoNs, Bacillus spp., Micrococcus 
spp., and viridans streptococci isolates as contaminants 
regardless of the clinical picture. In contrast, Hattori et 
al. (2018) included episodes of BSIs with CoNs, Bacillus 
spp., Corynebacterium spp., and Cutibacterium spp [29].,. 
More recent algorithms rely on the number of positive 
cultures (isolation of commensals which are also known 
to be pathogenic in ≥ 2 culture sets) and clinical scenario 
[19]. In our analysis, positive cultures of GPB, viridans 
streptococci, and CoNs without AST data were character-
ized as potential contaminants. Based on this approach, 
potential contaminants represented 363 (35.4%) of BCI. 
Heterogeneity in the distribution of contaminants across 
hospitals was also observed– note that all isolates in hos-
pitals other than OPH or ONRH were potential contami-
nants. Although the difference in methodology limits the 
comparability of the results across the region; our results 
suggest that BCC maybe a problem in the setting.

According to the existing literature, a high incidence 
of BCC can have several adverse clinical and financial 
consequences for patients and hospitals [30]. In particu-
lar, some authors have argued that it has the potential to 
undermine the utility of CML in patient care [31]. That 
is to say, some physicians / clinicians believe that BCC 
is the result of poor laboratory practice. Inexorably, this 
perception can create the sense that the results from a 
specific CML are unreliable. This assumption may, in 
turn, lead to under-utilization of CML services in these 

settings. Ironically, BCC occurs mainly during pre-ana-
lytical procedures such as sample collection and, to a 
lesser extent, during sample processing [31]. Therefore, 
the under-use of CML services in these settings points to 
the need for better collaboration between clinicians and 
laboratory personnel. To reduce the incidence of BCC to 
the required threshold (< 3%); expert opinion reiterates 
the need for prudent selection of patients; well-trained 
phlebotomy teams; surveillance and feedback; and the 
presence of multidisciplinary quality assurance teams, 
among others [31].

Although our analysis cannot provide comprehen-
sive information on AMR resistance in Eritrea; it allows 
organism-level analysis that can allow us to assess the 
nature of the organism that circulates in specific hospi-
tals in the country. As in other studies [28], CoNs was the 
predominant isolate in the respective scalar years (≤ 2016: 
60 (48.4%) vs. ≥ 2020: 65(23.1%). The predominance of 
CoNs in this setting has multiple explanations, but only 
one imputation. In the first place, CoNs infections are 
particularly relevant as hospital-acquired or catheter-
associated infectious agents and are a problem in preterm 
new-borns and /or neonates; elderly patients, critically ill 
patients, and, often, immunocompromised patients [32]. 
In our study, we believe that the low median age of the 
patients (median 1.2 years (IQR: 0.01 months − 15 years) 
implicates central line - associated blood stream infec-
tions given the fact that neonates are usually treated with 
central vein catheters.

Possible misclassification of non-pathogenic CoNs as 
pathogenic is another explanation for the high incidence 
of CoNs in most settings in the region. As mentioned 
previously, drawing a distinction between pathogenic vs. 
non-pathogenic CoNs in BCI is complicated as there is 
no single benchmark with adequate level of specificity 
[28]. In our study, the problem was compounded by sev-
eral factors, which are relatively common in the region; 
including the use of a single culture set and the absence 
of patient and species-level data on CoNs. Note, for 
instance, that among the 41 or CoNs isolates; the only 
clinically relevant CoNs are Staphylococcus epidermidis, 
Staphylococcus saprophyticus, Staphylococcus haemolyti-
cus, Staphylococcus schleifieri, Staphylococcus xylosus, 
Staphylococcus hominis, and Staphylococcus lugdunen-
sis [28]. Therefore, species-level analysis is critical. All 
these, it must be emphasised; add uncertainty about the 
reliability of CoNs data from the region. To provide con-
clusive recommendations, additional research should be 
undertaken. Future research should leverage genomic 
technologies alongside better research designs.

Separately, analysis of the AST profiles of the 189 
(34.3%) pathogenic CoNs demonstrated a high resistance 
to penicillin, 168 (92.3%); oxacillin, (171(94.5%); and gen-
tamicin, 104 (56.5%). Moderate resistance to vancomycin 
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was also noted. Furthermore, we demonstrated that MDR 
resistance has increased overtime (≤ 2016: 25 (41.7%), 
vs. ≥ 2020: 50 (76.9%), p-value 0.001). High resistance to 
oxacillin has been reported in other studies [28]. Others 
have noted that horizontal transmission of genes such as 
the mecA gene (which mediates methicillin resistance 
and is located in SCCmec– a mobile genetic element) to 
other staphylococcal species is possible and that this can 
increase cross resistance against many antibiotics [33].

Among all BCIs analyzed, Staphylococcus aureus, one 
of the WHO’s high-priority pathogens, was ranked 5th 
in frequency. Overtime, clear evidence of a significant 
decline in the isolation rate was also observed. Currently, 
the reasons for the observed decline remain unknown. 
In general, the low frequency of Staphylococcus aureus 
reported in this study is unusual for the region - it is the 
number 2 pathogen in most settings [34]. In line with 
previous studies in the country [35, 36]; we demonstrated 
a high resistance to TMP-SMZ, 26 (68.4%); penicillin, 
38(86.4%); and oxacillin, 37(80.4%). Other notable AMR 
profiles included moderate resistance to ciprofloxacin, 
19(45.2%); tetracyclines, 18(43.9%); erythromycin, 18 
(42.9%) and gentamicin 14(31.1%). The high rate of resis-
tance to commonly used antibiotics is a well-documented 
phenomenon in the region [37, 38] and has been linked, 
in the past; to a high frequency of MRSA. In general, 
MRSA usually has other resistance genes (e.g., determin-
ing resistance to gentamicin, sulphonamides, kanamycin, 
streptomycin, macrolides, fluoroquinolones or tetracy-
clines) and therefore can be classified as MDR [39].

Unlike previous studies [38], the frequency of VRSA 
was extremely high − 14(31.1%). In the past, the use of 
the disk diffusion method; which has a high incidence of 
false positivity, has been mentioned as a possible expla-
nation [40]. Whether the foregoing explanation is true 
for these settings remains unknown. This non-resisting, 
MRSA and VRSA carry a serious prognosis, a recurrence 
rate, 5 − 10% [41]; high mortality rates; and the danger 
associated with their presence in any setting cannot be 
underestimated.

The main Gram (-ve) bacteria associated with BSIs 
were, in order of decreasing frequency: Klebsiella spp., 
Escherichia coli, Citrobacter spp., Enterobacter spp., Pseu-
domonas aeruginosa, and Salmonella spp. Except for the 
period prior to < 2014, Gram (-ve) predominated in sub-
sequent scalar years. The prevalence of Enterobacterales 
in BSIs in LMICs is consistent with the findings of several 
studies [42–45]. In most of these studies, Escherichia coli 
or Klebsiella spp., are the dominant Gram (-ve) organ-
isms. In a recent systematic and meta-analytical review 
on BSIs in Ethiopia, Alemnew et al. reported a pooled 
prevalence of 7.04% and 1.69% for Klebsiella spp., and 
Escherichia coli, respectively. In Egypt, Escherichia coli 
was the most frequently identified Gram (-ve) bacteria 

(35%), followed by Klebsiella spp. (13%) [46]. Others 
have reported a pooled prevalence of 129 (46.7%) for 
Klebsiella spp., versus 128 (17.3%) for Escherichia coli in 
Vietnam [47]. Another notable result was the low preva-
lence of Salmonella spp., prior to < 2019. This is contrary 
to reports from other regions (mostly South East Asia), 
where Salmonella spp., is known to be a prominent 
pathogen in BSIs [48]. Altogether, there are few expla-
nations and hypotheses for the remarkable variation 
in pathogen distribution in patients with BSIs in most 
settings.

In a separate analysis, we demonstrated that isolates 
of Klebsiella spp., Escherichia coli, Pseudomonas aerugi-
nosa, Enterobacter spp., and Citrobacter spp., had a high 
resistance (ranging between 54.5% and 96.7%) to several 
first-line antibiotics, gentamicin; tetracycline, ampicillin, 
TMP-SMZ, cephalosporins (cephalexin, ceftazidime and 
ceftriaxone). In the last GLASS report (2022), the authors 
noted that a high rate of resistance to 3GC is generally 
associated with the presence of ESBL. Importantly, resis-
tance to 3GC is known to be a critical determinant of 
poor outcomes - increasing the odds of death 15-fold in 
some settings [19]. Equally significant is the high resis-
tance to TMP-SMZ. This is because TMP-SMZ resis-
tance genes in enterobacterales are frequently associated 
with mobile genetic elements that increase the likelihood 
of pan drug resistance or extreme-drug-resistance [49].

When comparing our data with a systematic review of 
Gram (-ve) AMR in BSIs in resource-limited countries, 
we noted a number of striking similarities. For example, 
resistance of Escherichia coli to 3GC was comparable to 
what has been reported in other LMICs − 39(60.9%) vs. 
58.3% (IQR 39.8–70.2) in LMICs [4]. In line with previ-
ous studies, amikacin, and to a lesser extent, ciprofloxa-
cin; demonstrated better efficacy against Gram (-ve) 
bacteria. The relative effectiveness of amikacin in this set-
ting may be due to its limited availability.

The problem of AMR was further compounded by the 
phenomenon of co-resistance, which enables isolates 
to be resistant to multiple agents by acquiring multiple 
mobile elements (transposons and plasmids) or chro-
mosomal mutations. In this study, this phenomenon was 
evaluated using two indexes– the MDR and MAR index. 
Accordingly, MDR organisms were predominant, 472 
(79.1%). Significant variations in MDR were observed 
between disparate etiological agents, with Pseudomonas 
spp., Citrobacter spp., and Enterobacter spp., exhibiting 
rates > 90%. Compared to other studies from the region 
(Kenya– Meru (46.3%) [50] Ethiopia– South Ethiopia 
(33.1%) [51]; Arba Minch (60.3%) [52] and Jimma (62.7%) 
[53]); the prevalence of MDR was higher (472 (79.1%): Of 
further concern, a significant increase in MDR rates was 
observed for some pathogens - Acinetobacter spp., and 
CoNs.
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MDR or co-resistance, in general, has multiple imputa-
tions in any setting. Previous research has, for instance, 
shown that co-resistance can stymie AMR control strate-
gies/policies which rely on restricting the use of antibiot-
ics with high resistance rates. According to this position, 
co-resistance may lead to the persistence of resistance to 
specific antibiotics despite a drastic reduction in usage. 
For example, resistance to TMP-SMZ in Escherichia 
coli remains high in clinics across the United Kingdom 
despite a drastic reduction in its use [54]. The high preva-
lence of isolates which are co-resistant to ampicillin, gen-
tamicin and 3GC has serious practical implications for 
current WHO guidelines for the treatment of neonatal 
sepsis (the guideline recommends the combined use of 
ampicillin or benzylpenicillin for 7–10 days with 2 doses 
of gentamicin as first-line empiric therapy [55]. Com-
menting on this problem, some authors have suggested 
that the high rate of co-resistance to ampicillin and gen-
tamicin; and the observed species-level variance, points 
at the need for AST-guided antimicrobial therapy [44]. 
This is particularly important as the remaining thera-
peutic options such as meropenem, chloramphenicol (in 
some agents), and vancomycin (for Gram + ve bacteria) 
are relatively expensive and can trigger adverse reactions, 
particularly in infants; if not adequately monitored [55].

Finally, the MAR index has been described as a cost-
effective and easy-to-use tool for monitoring selection 
pressure exerted by the use of antibiotics on bacterial 
isolates. For example, the MAR index > 2 is frequently 
observed in bacterial isolates from settings where expo-
sure to antibiotics is high. Others have argued that a 
high MAR index highlights the potential misuse of 
broad-spectrum antibiotics in hospital environments. In 
this study, the MAR index was > 2 (mean (± SD) = 0.55 
(± 0.23)) with wide species-level variation. Except for 
2020, we also observed an increase in the overall MAR 
index over the duration of the study.

Similar to other studies [23], the decrease in the MAR 
index in 2020 can be explained by a number of factors, 
including random fluctuations in the number of samples 
and changes in healthcare practice. For instance, strin-
gent measures including travel restrictions, changes 
in admission requirements (and attendant changes in 
patient mix), or the more stringent infection control 
measures associated with COVID-19 may account for the 
slight deepening of the MAR index in 2020. Using timed 
cluster density analysis, we demonstrated that resisto-
types diversity has increased over time. Such increases, 
it has been argued, may not necessarily be due to the 
spread of a single gene cassette carrying multiple genes, 
but may be due to the spread of multiple phenotype co-
resistance/multiple genetic determinants [56].

Strengths and limitations of the study
Our study has several biases and limitations. First, retro-
spective studies have some inherent limitations, includ-
ing data quality issues and data missingness. Note, for 
instance, that the NHL logbook does not contain infor-
mation on hospital acquired blood stream infections; 
primary or secondary bacteraemia; reference informa-
tion; device-related blood stream infection; previous 
antibiotic use, sepsis, or other outcomes, among others. 
Second, the fact that our data was extracted from a labo-
ratory register from a facility which sources samples from 
centralized tertiary level facilities imposes considerable 
limits on the representativeness and generalizability of 
our findings. Indeed, one might even argue that the age 
bias and year-to-year variations in the number of samples 
submitted by the respective institutions have more to 
do with vagaries of institutional practices (or other con-
founders) than with true epidemiological trends. Third, 
and in some instances, the use of out-dated techniques 
and lack of confirmatory testing means that our results 
should be interpreted with caution. Although these fac-
tors may limit the quality of our findings, they only affect 
a subset of the information provided. Furthermore, these 
concerns are relatively common in a large number of 
published studies from LMICs.

Conclusions
To our knowledge, this is the first study to report the epi-
demiology of BSIs in any setting in Eritrea, including the 
involvement of AMR microorganisms, MDR, and associ-
ated trends. The main findings included: limited coverage 
of AMR tests for BCIs; shortcomings in the performance 
of BCC at the NHL– a situation marked by unclear AST 
testing strategies; use of out-dated tests; limited range 
of media and high rate (potential) of BCC. Moreover, 
we noted a significant year-to-year variation in the bur-
den of specific pathogens with an increasing tendency 
towards the isolation of the more problematic ESKAPE 
organisms. Additional findings included a high rate 
of resistance to first- and in second-line therapies and 
increasing burden of MDR. Further, MDR was charac-
terized with respect to annualised changes; trends in the 
MAR index and specific pathogen– drug combinations 
(MRSA, 3GC-R, Enterobacteriaceae, VRSA, vancomycin-
intermediate Staphylococcus aureus. The prevailing AMR 
scenario, it should be emphasized; is evolving against a 
background of extremely limited CML capacity; extreme 
reliance on empiric treatment; a lacuna in data manage-
ment, and severely limited research efforts. Although 
there are many limitations and biases, this study clearly 
highlights a concerning level of AMR in Eritrea. At the 
most basic level, it emphasises the need for AST-guided 
therapy for BSIs. To address some of these concerns, 
improvements in the CML infrastructure and technical 
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capacity; AMR surveillance; infection control practices; 
and the development of a simple, easy-to-implement 
antibiotic stewardship program remain essential. Addi-
tionally, a better understanding of local antimicrobial 
susceptibility is an urgent issue. In particular, improved 
multicenter molecular epidemiology studies (preferably 
prospective) employing standardized protocols with data 
on underlying disease, treatment, and clinical outcomes 
are required.
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