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Abstract 
Blood culture services are expected to recover clinically meaningful bloodstream pathogens while 
limiting growth of organisms introduced during specimen collection, but where records are kept on 
paper, both quality indicators and resistance signals are difficult to aggregate and often go 
unexamined. We transcribed 914 unique blood culture records from the handwritten microbiology 
register of a pediatric tertiary referral center in Benghazi, Libya, covering 22 March 2025 through 30 
March 2026, and classified growth descriptively as potentially clinically significant or potential 
contaminant based on organism identity alone, since the register did not document culture-set 
counts or clinical context. Proportions are reported with 95% Wilson confidence intervals, group 
comparisons used Monte Carlo exact tests, and monthly trends were assessed by Spearman rank 
correlation; susceptibility results were analyzed only as recorded test outcomes, because testing 
method and interpretive breakpoints were not documented. Of 914 cultures, 718 (78.6%) showed no 
growth, 189 (20.7%, 95% CI 18.2–23.4) yielded an organism, and 7 (0.8%) had no final result. Eighty-
seven cultures (9.5%, 95% CI 7.8–11.6) contained potentially significant organisms, whereas 102 
(11.2%, 95% CI 9.3–13.4) met the organism-based potential contaminant rule, 101 of which grew 
Staphylococcus epidermidis alone. Gram-negative organisms accounted for 49 of 87 (56.3%) 
potentially significant isolates, with Staphylococcus aureus (n=29), Escherichia coli (n=20), and 
Klebsiella spp. (n=12) were the most frequent named pathogens. Among Gram-negative test results 
with at least 10 observations, recorded susceptibility was 21 of 34 (61.8%) to imipenem, 5 of 24 
(20.8%) to ceftazidime, and 1 of 12 (8.3%) to cefotaxime, and 8 of 16 S. aureus isolates tested with 
cefoxitin were recorded as resistant. Growth categories did not differ detectably across clinical 
areas or pediatric age bands, and neither showed a monthly trend. The register held two quality 
signals worth acting on: a high frequency of S. epidermidis among positive cultures and recorded 
resistance patterns that give cause for concern. Absent culture-set counts, clinical adjudication, 
and documented susceptibility methods, these data cannot establish a formal contamination rate 
or a cumulative antibiogram, so standardized prospective capture of collection and testing variables 
is the necessary next step. 
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Introduction 
Blood culture remains the reference microbiological method for detecting many bloodstream infections, and its 
usefulness rests on both sensitivity and specificity. A false-positive culture arising from skin flora can trigger unnecessary 
antimicrobial exposure, repeat sampling, further diagnostic work, prolonged admission, and avoidable cost  [1–3]. In the 
other direction, inadequate blood volume or too few culture sets reduces pathogen recovery and allows genuine 
bacteremia to pass undetected [4]. 
Contamination of blood cultures is therefore treated as a core laboratory quality indicator. CLSI M47 sets a benchmark 
below 3%, with a 1% goal where best practice is followed [4]. Recent evidence-based guidance from the American Society 
for Microbiology observes that the 3% limit rests largely on expert opinion and survey data, and treats the supporting 
evidence as contested, with institutional rates reported from under 1% to above 10% [5,6]. That same guidance confirms 
that meaningful reductions are achievable through appropriate antisepsis, standardized collection practice, dedicated 
phlebotomy teams, education with feedback, and initial specimen diversion where feasible [5,7,8]. Any comparison of 
contamination rates requires compatible definitions and adequate information on culture sets, since organism identity by 
itself cannot separate contamination from true infection, particularly for coagulase-negative staphylococci in neonates 
and in patients with intravascular devices [1,2,6]. 
Antimicrobial resistance poses a second and connected challenge. Routine diagnostic microbiology supplies much of the 
data on which resistance surveillance depends, though data system constraints remain substantial in lower -resource 
settings [9]. The Global Burden of Disease 2021 analysis estimated 1.14 million deaths attributable to bacterial resistance 
in that year and documented a marked rise in burden linked to carbapenem resistance among Gram -negative organisms 
[10]. Libyan data are comparatively sparse, yet what exists points to a heavy burden. A multicenter Libyan study reported 
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healthcare-associated infection in 13.7% of 22,170 admissions, with the highest incidence at Benghazi Medical Center 
(17.9%) and a case fatality ratio of 10.3% among patients with bloodstream infection [11]. A national meta-analysis 
estimated 2,183 resistance-attributable deaths in Libya in 2024 and identified high pooled resistance in carbapenem -
resistant Acinetobacter baumannii and third-generation cephalosporin-resistant Enterobacterales [12]. A prospective 
cohort from two Libyan hospitals subsequently reported multidrug-resistant Gram-negative organisms in 37.4% of 673 
bloodstream infection episodes, with higher 30-day mortality among resistant than susceptible infections (32.1% versus 
18.8%) [13]. 
Paper-based records are hard to aggregate, standardize, and deduplicate, so clinically useful information can sit 
unexamined for months [9]. We therefore analyzed roughly twelve months of consecutive entries from a handwritten 
microbiology register at a pediatric referral hospital in Benghazi. Our objectives were to quantify culture volume and 
overall growth, describe the organisms recovered, estimate an organism-based potential contaminant proportion, 
summarize recorded susceptibility results with appropriate caution, and test whether either growth category varied by 
clinical area, age group, or calendar month. A secondary objective was to specify which additional data fields a defensible 
prospective surveillance system would require. 
 
Materials and methods 
Study design and setting 
This was a retrospective observational study of laboratory records, reported with reference to the STROBE 
recommendations for observational research [14]. The source was the handwritten Blood Culture and Sensitivity register 
of the Microbiology Department at Benghazi Children’s Hospital, Benghazi, Libya, a pediatric tertiary referral center. The 
register receives specimens from the pediatric intensive care unit, two neonatal units, general pediatric medical wards, 
hematology, nephrology and dialysis, isolation areas, and other hospital services. All available consecutive entries 
between 22 March 2025 and 30 March 2026 were used, a span of 374 calendar days inclusive. No sample size calculation 
was performed, since the design was a census of the available register period. 
 
Data source, transcription, and de-duplication 
Three consecutive register volumes were available as photographic images. The volumes overlapped at accession 
numbers 478 to 491 and 779 to 806. Duplicate entries created by these overlaps were identified by accession number and 
removed. The laboratory numbering sequence restarted after accession 1000 in February 2026, and post -reset accession 
numbers were prefixed during processing to preserve uniqueness. After de-duplication, 914 unique records remained 
(Figure 1). 
Patient names were not entered into the analytical dataset. Variables extracted were accession number, date, requesting 
clinical area, age where recorded, Gram stain result, named organism, and free-text susceptibility results. Original ward 
terminology was preserved and mapped to standardized analytic categories. Blank, illegible, or unresolved fields were 
coded as not recorded, and no missing value was imputed. 
Age was not a dedicated register field. From approximately May 2025, laboratory staff began writing age into the vial 
identifier field using day, month, or year notation. Age was therefore available for 448 of 914 records (49.0%). All age -
stratified analyses were restricted to that subset and should be read as analyses of a subset defined by calendar time 
rather than by patient characteristics. 
 
Outcome definitions 
A record was classified as no growth where the register explicitly documented no growth, and as growth-positive where 
any organism was named. Seven records without an interpretable final result were retained as a separate category. For 
descriptive analysis, growth-positive cultures were divided into potentially clinically significant growth and potential 
contaminant growth. The operational rule placed cultures containing S. epidermidis in the potential contaminant 
category, and grouped all other named bacterial organisms as potentially clinically significant. One record containing S. 
epidermidis together with fungal growth was retained in the potential contaminant category for consistency with the pre-
specified rule, although it remains clinically indeterminate. 
The classification is deliberately described as potential rather than confirmed contamination. The register did not 
document whether one or several culture sets were collected, whether the same organism was recovered from separate 
venipunctures, whether a specimen was drawn peripherally or through an indwelling line, or whether the patient carried a 
device or presented a compatible clinical syndrome. These variables are central to clinical adjudication of coagulase -
negative staphylococci [1,2,4]. The 11.2% estimate is accordingly not equivalent to a formally measured CLSI 
contamination rate. 
 
Antimicrobial susceptibility data  
Identification and susceptibility testing were performed by the hospital laboratory as part of routine care. The register did  
not record the identification platform, testing method, quality control procedures, or interpretive breakpoints. Results 
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were transcribed exactly as written and mapped to susceptible or resistant categories, with the few intermediate results 
grouped with resistant for descriptive tabulation. 
Local antibiotic abbreviations were retained as written and were not merged, even where two codes are conventionally 
synonymous. Thirty-eight distinct agent codes appeared across only 85 records, and several pairs conventionally denote 
the same agent: GEN and CN for gentamicin, AMC and AUG for amoxicillin-clavulanate, AK and AN for amikacin, CT and 
COL for colistin, C and CHL for chloramphenicol, and E and ERY for erythromycin. The decision not to merge followed an 
internal consistency check. Among Gram-negative organisms, GEN and CN returned markedly discordant 
susceptibilities, 22 of 27 (81.5%) against 5 of 15 (33.3%). A difference of that magnitude for a single agent is not 
biologically plausible, and indicates either that the codes were not used synonymously in this laboratory or that they were 
applied inconsistently. Pooling them would have produced a spurious composite estimate (Figure 3c). Several operational 
explanations are plausible, none of which the register can confirm or exclude. The two codes may correspond to different 
periods of the register, during which the laboratory used different automated panels, disk lots, or interpretive breakpoint 
versions; CLSI breakpoints for aminoglycosides have been revised across the window this register covers, and a shift from 
an older to a newer breakpoint table would lower the apparent susceptible proportion without any change in the 
organisms tested. The two codes may also reflect different technologists or shifts recording results from the same testing 
process in different conventions, which would represent a labeling inconsistency rather than a testing one. A further 
possibility is confounding by case mix: if cultures coded GEN disproportionately came from more susceptible organisms 
and cultures coded CN from a different, less susceptible mix, the discrepancy would reflect which isolates happened to 
carry each code rather than a difference in gentamicin susceptibility itself. The register lacks the identification method, 
testing date, and shift or technologist information needed to distinguish these explanations. The practical implication 
extends beyond this one agent. A register that can produce a 48-percentage-point split between two labels for the same 
drug cannot be assumed reliable for agents coded only once, since an undetected labeling or testing inconsistency there 
would leave no comparable internal check. This is the central reason the susceptibility results in this study are presented 
as register entries rather than as a cumulative antibiogram. Unresolved abbreviations, including a code recorded as CL, 
were not inferred. 
Susceptibility findings are presented as recorded test results and must not be read as a formal antibiogram or as definitive 
resistance prevalence. CLSI M100 states that interpretive tables are valid only where standardized methodology is 
followed [15]. CLSI M39 further recommends patient-level de-duplication, first-isolate rules, final verified results, routine 
testing of reported agents, and adequate isolate numbers for cumulative reporting [16]. The register lacks the patient 
identifiers and testing metadata needed to demonstrate those conditions, so pooled results were used only to identify 
signals that justify prospective standardized surveillance. 
 
Statistical analysis 
Categorical variables are reported as counts and percentages. Ninety-five percent confidence intervals for proportions 
were calculated by the Wilson score method [17], implemented as a matrix routine in IBM SPSS Statistics (version 26.0, 
IBM Corp., Armonk, NY, USA) [19]. Age is summarized as median and interquartile range. Comparisons of both growth 
categories across the seven clinical areas submitting at least 20 cultures, and across the five pediatric age bands with at 
least 10 observations, used the Monte Carlo approximation to the Freeman-Halton exact test in SPSS CROSSTABS, with 
100,000 samples at 99% confidence [18]. Exact tests were chosen in preference to the Pearson chi-square statistic 
because several expected cell counts fell below five; both approaches were computed and gave concordant results, 
which are reported together. Monotonic trends in monthly proportions were assessed by Spearman rank correlation 
across 13 calendar-month strata, computed in SPSS NONPAR CORR. All tests were two-sided at an alpha of 0.05. No 
correction for multiple comparisons was applied, so subgroup analyses are exploratory.  
 
Ethical considerations 
This study analyzed pre-existing entries from the hospital’s blood culture register, generated during routine clinical care. 
No patient names or other direct identifiers were transcribed, and the analytical dataset contains no personally identifying 
information, so no individual patient can be identified from the results reported here. As the study relied exclusively on 
retrospective review of routinely collected laboratory data, with no patient contact, additional sampling, or intervention of  
any kind, it was conducted in accordance with accepted ethical standards for biomedical research and the principles of 
the Declaration of Helsinki. Where fewer than five records fell within a single reporting category, results were aggregated 
to prevent deductive identification. 
 
Results 
Culture volume and overall yield 
The 914 unique records covered 22 March 2025 through 30 March 2026. Of these, 718 (78.6%) documented no growth, 
189 (20.7%, 95% CI 18.2–23.4) documented growth of an organism, and 7 (0.8%) lacked an interpretable final result. 
Under the organism-based classification, 87 cultures (9.5%, 95% CI 7.8–11.6) contained potentially significant organisms 
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and 102 (11.2%, 95% CI 9.3–13.4) met the potential contaminant rule (Table 1, Figure 1). A clinical area was recorded for 
885 of 914 cultures (96.8%). 
 

Table 1. Primary outcomes among 914 consecutive blood culture records. 
Outcome n % of 914 (95% CI) 

Blood cultures processed 914 – 
No growth 718 78.6 (75.8–81.1) 

Any organism recorded 189 20.7 (18.2–23.4) 
Potentially clinically significant growth 87 9.5 (7.8–11.6) 

Potential contaminant growth 102 11.2 (9.3–13.4) 
No final interpretable result 7 0.8 (0.4–1.6) 

Percentages use all 914 cultures as the denominator. Potential contaminant is an organism-based analytic category and not a clinically 
adjudicated contamination rate. CI, confidence interval. 

 
Organisms recovered 
S. epidermidis dominated the positive cultures. It was recovered alone from 101 of 189 (53.4%), and one further record 
documented S. epidermidis with fungal growth. Among the 87 potentially significant isolates, 49 (56.3%, 95% CI 45.9–
66.3) were Gram-negative. S. aureus was the most frequently named potentially significant organism (n=29), followed by 
E. coli (n=20), Gram-negative bacilli identified no further than morphology (n=15), and Klebsiella spp. (n=12, taking the 11 
records recorded as Klebsiella spp. together with one K. pneumoniae) (Figure 2). 
 
Recorded antimicrobial susceptibility 
Susceptibility information was present for 85 of 189 growth-positive cultures (45.0%) and for 80 of 87 cultures in the 
potentially significant category (92.0%). Five S. epidermidis isolates also carried recorded results. Because agents were 
not tested uniformly, denominators varied considerably, from 34 down to the 10-result threshold applied here. Figure 3 
shows every agent code with at least 10 recorded results for Gram-negative organisms and for S. aureus. These 
percentages describe register entries rather than standardized isolate-level resistance estimates. 
Among Gram-negative organisms, recorded susceptibility was low for the cephalosporins tested, at 1 of 12 (8.3%, 95% CI 
1.5–35.4) for cefotaxime and 5 of 24 (20.8%, 95% CI 9.2–40.5) for ceftazidime. Carbapenem results were intermediate, 
with 21 of 34 (61.8%, 95% CI 45.0–76.1) recorded as susceptible to imipenem, and 13 of 20 (65.0%, 95% CI 43.3–81.9) to 
piperacillin-tazobactam. Aminoglycoside results could not be pooled because of the code discordance described in 
section 2.4. Cefoxitin results in Gram-negative organisms (0 of 19 susceptible) are shown for completeness and carry no 
interpretation as acquired resistance. For S. aureus, cefoxitin was recorded for 16 isolates, of which 8 were resistant and 
8 susceptible (50.0% resistant; 95% CI 28.0–72.0). That proportion indicates that methicillin resistance warrants formal 
prospective surveillance, though the register cannot establish a prevalence while the testing method and breakpoints 
remain unknown. 
 
Clinical area comparisons 
Specimens were submitted from 23 recorded clinical areas. The neonatal ward (n=220), the intensive care unit (n=193), 
and the neonatal unit (n=117) together accounted for 530 of 914 cultures (58.0%). Among the seven areas submitting at 
least 20 cultures, the proportion with potentially significant growth ranged from 2.6% to 11.1%, and the potential 
contaminant proportion from 5.1% to 15.0% (Figure 4). Neither distribution differed detectably across these areas (exact 
p=0.354 for potentially significant growth, chi-square 6.66 with 6 degrees of freedom; exact p=0.295 for potential 
contaminant growth, chi-square 7.30 with 6 degrees of freedom). These null results do not demonstrate equivalence, 
since several strata were small. 
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Figure 1. Flow of blood culture records from three handwritten register volumes to the final analytic categories. 

Counts are records, and percentages use all 914 unique records as the denominator, with 95% Wilson confidence 
intervals in parentheses. 

 
Age distribution 
Age was available for 448 of 914 records (49.0%). Of these 448 age-documented records, 447 were pediatric (0 to 17 
years) and one was from a 57-year-old adult; the adult record is excluded from the pediatric age-band analyses and from 
Figure 5, which accordingly presents the 447 pediatric records. Median age among the 447 pediatric records was 122 
days, with an interquartile range of 16 days to 3.0 years. Of these, 173 came from neonates aged 0 to 28 days and 364 
from children under five years. Potentially significant growth did not differ detectably across the five pediatric age bands 
(exact p=0.291, chi-square 4.97 with 4 degrees of freedom), and neither did potential contaminant growth (exact p=0.966, 
chi-square 0.58 with 4 degrees of freedom) (Figure 5). Because age recording began partway through the study and was 
never systematic, these results should not be generalized to the full cohort. 
 
Temporal pattern 
Across 13 calendar-month strata, neither potentially significant growth nor potential contaminant growth showed a 
monotonic trend (Spearman rho −0.03, p=0.93, and rho 0.08, p=0.79, respectively). Monthly culture volume ranged from 
15 to 104 (Figure 6). The first and last months were partial, and monthly denominators were modest, so the absence of a 
monotonic trend should not be read as evidence of process stability. 
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Figure 2. Organisms recorded among the 189 growth-positive blood cultures, with counts and the percentage of 

positives beside each bar.  
 
Color marks the analytic category. Organism names reproduce the level of identification recorded in the register, which is 
why two labels appear at genus level alongside their speciated counterparts. The two register spellings for streptococci 
were combined, since both record a genus-level identification, whereas Klebsiella spp. and K. pneumoniae are kept apart 
because they sit at different levels of identification and merging them would conceal that only one isolate was speciated. 
Isolates recorded only as Staphylococcus spp. may include coagulase-negative species; reclassifying all four would move 
the potential contaminant proportion from 11.2% to 11.6% and alters no conclusion. The culture yielding S. epidermidis 
with fungal growth is retained in the pre-specified contaminant category but is clinically indeterminate. 
 

 
Figure 3. Recorded susceptibility for (a) Gram-negative isolates and (b) Staphylococcus aureus, restricted to agent 

codes with at least 10 recorded test results, and (c) the discordance between two conventionally synonymous 
register codes for gentamicin among Gram-negative organisms. 

 
 In (a) and (b), points show the percentage recorded susceptible and horizontal lines the 95% Wilson confidence interval; 
the number susceptible over the number tested follows each agent label, and the dotted line marks 50%. Asterisks mark 
codes belonging to a conventionally synonymous pair that was not merged. In (c), bars show the percentage recorded 
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susceptible with 95% Wilson confidence intervals; the 48.2-point gap between GEN and CN is not biologically plausible 
for a single agent and is the basis for the decision described in section 2.4. Denominators throughout are isolate -agent 
pairs, not isolates. Testing method, quality control, and breakpoints were not documented, so no formal antibiogram or 
treatment recommendation follows from these results. 
 

 
Figure 4. Blood culture volume across all 23 recorded clinical areas, with the two growth categories shown for the 

seven areas submitting at least 20 cultures. 
Bars give the number of cultures processed against the left axis. Points give each growth category as a percentage of that 
area’s cultures against the right axis, with 95% Wilson confidence intervals. The dashed line separates the seven areas 
entered into the comparison from the 16 smaller areas, which together submitted 114 cultures and were omitted because 
their proportions cannot be estimated with useful precision. Clinical area was not recorded for 29 cultures. Comparisons 
are exploratory and unadjusted for multiple testing. 
 

 
Figure 5. Distribution of the 447 pediatric records among the 448 records with age documented, and the two growth 

categories within each band. Bars give the number of cultures against the left axis, with counts printed above.  
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Points give each growth category as a percentage of the band against the right axis, with 95% Wilson confidence intervals. 
Of the 448 records with age documented, 447 were pediatric and are shown here; the remaining record, from a 57-year-
old adult, is excluded. Age was unavailable for 466 of 914 cultures, and recording began partway through the study, so this 
subset is defined by calendar time rather than by patient characteristics. 
 

 
Figure 6. Monthly blood culture volume and the two growth categories across 13 calendar-month strata.  

 
Bars show the number of cultures processed against the left axis, and lines show each growth category as a percentage of 
that month’s cultures against the right axis. March 2025 and March 2026 were partial months and are shaded accordingly. 
Neither category showed a monotonic trend (Spearman rho −0.03, p=0.93 for potentially significant growth; rho 0.08, 
p=0.79 for potential contaminant growth). 
 
Discussion 
This analysis shows both the value and the limits of a handwritten microbiology register. One culture in five yielded an 
organism, yet more than half of all positive cultures contained S. epidermidis. Under the organism-based rule applied 
here, 102 of 914 cultures (11.2%) fell into the potential contaminant category, against 87 of 914 (9.5%) containing 
organisms considered potentially significant. The signal matters operationally because the commonly cited quality target 
for blood culture contamination sits below 3% [4], although recent evidence-based guidance regards the empirical basis 
for that specific threshold as contested and notes wide variation between institutions [5]. The 11.2% figure should 
nonetheless not be presented as a formal contamination rate. The register documented neither culture sets, repeated 
recovery, draw site, nor clinical context, and some S. epidermidis isolates, particularly in neonates and in patients with 
intravascular devices, may represent true bloodstream infection [1,2,20]. 
That distinction changes the reading of these data. The defensible conclusion is that cultures containing S. epidermidis 
were frequent enough to justify prospective contamination surveillance, rather than those contaminants outnumbered 
pathogens. A quality improvement program would need to capture the number of culture sets, bottle fill volume where 
feasible, peripheral versus line collection, the collecting ward or individual, antiseptic technique, and repeat isolation. 
Evidence-based interventions could then be selected and evaluated against a defined baseline [4,5,7,8]. These data are 
best understood as a case-finding signal that identifies a measurement gap, and not as proof of a particular collection 
failure or of responsibility attaching to any ward or staff group. 
The organism distribution also merits attention. Gram-negative organisms made up 56.3% of the potentially significant 
category. E. coli and Klebsiella were prominent, while S. aureus was the single most frequent named organism. This 
pattern is compatible with earlier reports from Libyan hospitals and with the established importance of Gram -negative 
pathogens in hospital-acquired neonatal infection in resource-constrained settings [11,20]. Whether these infections 
were community-acquired or healthcare-associated cannot be determined here, since admission timing, diagnoses, 
devices, prior antimicrobial therapy, and outcomes were unavailable. 
Recorded susceptibility results carry concerning signals that require conservative interpretation. Among Gram-negative 
organisms, only 1 of 12 cefotaxime and 5 of 24 ceftazidime results were recorded as susceptible, while 21 of 34 imipenem 
results were. In S. aureus, 8 of 16 cefoxitin tests were recorded as resistant. These observations run in the same direction 
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as the substantial resistance burden reported for Libya [12,13] and as long-term African surveillance showing rising 
resistance among Gram-negative bloodstream isolates [21]. The data cannot, however, establish treatment-level 
susceptibility rates. Method, breakpoints, and quality control are unknown; testing was selective rather than uniform; 
patient-level duplicate removal is impossible; and most species-specific isolate counts fall below the thresholds 
recommended for a stable cumulative antibiogram [15,16]. The coding problem makes this concrete. Six pairs of 
conventionally synonymous abbreviations appear in the register, and for one of them the two codes produced 
susceptibility estimates 48 percentage points apart among Gram-negative organisms. That discrepancy cannot be 
resolved retrospectively and would on its own invalidate an aminoglycoside estimate. These results should therefore not 
be used to declare any agent unsuitable for empirical therapy or to issue a hospital antibiogram. 
The pediatric setting bears directly on how the contaminant signal should be read. Obtaining blood from neonates and 
small infants is technically demanding, venous access is often poor, and the volume that can be drawn is small. Low 
inoculum volume reduces pathogen recovery, while difficult and prolonged draws raise the chance that skin flora enter 
the bottle. A population in which 173 of the age-documented cultures came from neonates, and 364 from children under 
five, is therefore exposed to both failure modes at once, which may depress the apparent yield of 9.5% and inflate the 
apparent contaminant proportion of 11.2% in the same dataset. Neither effect can be quantified here, since neither blood 
volume nor the number of attempts was recorded, and that is itself an argument for capturing both prospectively.  
The main strength of the dataset is completeness at register level. All available consecutive entries across roughly twelve 
months were transcribed, overlapping volumes were de-duplicated by accession number, uncertain fields were left 
missing rather than guessed, and every principal denominator can be reproduced from the source dataset. An otherwise 
inaccessible paper archive has thereby been converted into a defensible baseline for laboratory quality improvement. 
Comparable difficulties in turning routine diagnostic data into resistance surveillance information are well recognized in 
low-resource settings [9]. 
The most actionable finding concerns the design of the record itself. A modest redesign of the register would materially 
raise its clinical and surveillance value. Dedicated fields should capture a patient identifier for secure de-duplication, age, 
date and time of collection, specimen source and draw site, the number of culture sets and bottles, blood volume where 
relevant, the collecting ward, the identification method, the susceptibility testing method and standard version, and final 
verified results. With those elements in place, the laboratory could calculate a defensible contamination indicator, 
evaluate interventions over time, and in due course construct a cumulative susceptibility report conforming to CLSI M39 
principles [16]. 
The immediate priority is prospective measurement rather than retrospective attribution. Laboratory and clinical teams 
should agree on a standardized collection protocol and a contamination definition, then report to the indicator monthly 
using the number of cultures sets as the denominator where appropriate. Education, feedback, collection kits, optimized 
antisepsis, and trained collectors can then be evaluated locally against that baseline [4,5,7,8]. 
In parallel, susceptibility documentation should be standardized to a named method and a current interpretive standard, 
and the antibiotic abbreviations in use should be replaced by a controlled vocabulary. A future cumulative antibiogram 
should follow CLSI M39 requirements, including patient-level de-duplication, first-isolate rules, routinely tested agents, 
and adequate species-specific isolate numbers [16]. A prospective follow-up study after register redesign would permit 
before-and-after evaluation of contamination, diagnostic yield, and resistance trends with considerably stronger validity 
than the present record review allows. These findings carry several limitations. The source was a handwritten register 
transcribed from photographic images, and transcription error cannot be excluded despite coding uncertain fields 
missing rather than inferred. The potential contaminant classification rests on organism identity alone; without culture -
set data, it may simultaneously overestimate contamination and underestimate true coagulase-negative staphylococcal 
bacteremia. Susceptibility denominators vary by agent, testing method, and breakpoints are undocumented; duplicate 
isolates cannot be removed, and the antibiotic coding problem described above undermines confidence in any single 
agent-level estimate. Age was available for only 49% of records, captured in a field not designed for it, so ward and age 
comparisons are exploratory, unadjusted, and likely underpowered. No clinical variables or outcomes were available, so 
sepsis incidence, attributable mortality, and risk factors for resistant infection cannot be estimated from this dataset.  
 
Conclusion 
Analysis of 914 consecutive blood culture records from a pediatric tertiary referral center in Benghazi identified a high 
frequency of positive cultures containing S. epidermidis together with recorded resistance signals that give cause for 
concern. The interpretation these data support is an organism-based potential contaminant proportion rather than a 
confirmed contamination rate, and descriptive susceptibility signals rather than a formal antibiogram. The study 
nonetheless establishes a reproducible baseline and identifies precisely which data elements are absent. Standardized 
prospective recording of culture sets, collection variables, patient-level identifiers, controlled antimicrobial coding, and 
testing methods with breakpoints would convert the existing paper workflow into a substantially stronger quality and 
surveillance system. 
 

https://doi.org/10.69667/rmj.26404
https://razi.edu.ly/rmj/index.php/hm


 

Razi Med J. 2026;2(4):705-715 
https://doi.org/10.69667/rmj.26404 

Razi Medical Journal 
https://razi.edu.ly/rmj/index.php/hm 

 

 

714 

Conflict of interest 
The authors declare that they have no competing interests. 
 
Funding 
This research received no funding. 
 
Author Contributions 
AOB: conceptualization, methodology, data curation, formal analysis. AMA: methodology, validation, investigation, 
writing of the original draft. MNA: investigation, data curation, visualization, writing through review and editing. All authors 
read and approved the final manuscript and agree to be accountable for all aspects of the work.  
 
Acknowledgments 
The authors thank the staff of the Microbiology Department, Benghazi Children’s Hospital, for maintaining the blood 
culture register used in this study. 
 
References 

1. Hall KK, Lyman JA. Updated review of blood culture contamination. Clin Microbiol Rev. 2006 Oct;19(4):788 -802. doi: 
10.1128/CMR.00062-05. 

2. Doern GV, Carroll KC, Diekema DJ, Garey KW, Rupp ME, Weinstein MP, Sexton DJ, Miller MB. Practical guidance for clinical 
microbiology laboratories: a comprehensive update on the problem of blood culture contamination and a discussion of 
methods for addressing the problem. Clin Microbiol Rev. 2019 Oct 30;33(1):e00009-19. doi: 10.1128/CMR.00009-19. 

3. Dargère S, Cormier H, Verdon R. Contaminants in blood cultures: importance, implications, interpretation and prevention. 
Clin Microbiol Infect. 2018 Sep;24(9):964-969. doi: 10.1016/j.cmi.2018.03.030. 

4. Clinical and Laboratory Standards Institute. Principles and procedures for blood cultures. 2nd ed. CLSI guideline M47. Wayne 
(PA): Clinical and Laboratory Standards Institute; 2022. 

5. Sautter RL, Parrott JS, Nachamkin I, Diel C, Tom RJ, Bobenchik AM, Mitchell S, Loring WR, Thomson RB Jr. American Society for 
Microbiology evidence-based laboratory medicine practice guidelines to reduce blood culture contamination rates: a 
systematic review and meta-analysis. Clin Microbiol Rev. 2024 Dec 12;37(4):e0008724. doi: 10.1128/cmr.00087-24. 

6. Palavecino EL, Campodónico VL, She RC. Laboratory approaches to determining blood culture contamination rates: an ASM 
Laboratory Practices Subcommittee report. J Clin Microbiol. 2024 Feb 14;62(2):e0102823. doi : 10.1128/jcm.01028-23. 

7. Snyder SR, Favoretto AM, Baetz RA, Derzon JH, Madison BM, Mass D, Shaw CS, Douglas KC, Liebow EB, Siders CA, Thompson 
P, Young S, Garcia BR, Kornstein MJ, Weissfeld AS, Santos JI, Jackson BR, Williams LO, Booras S, Bekeris LG, Shaw E, Epner 
PL, White SM, LaBrecque J, Salyer C, Alspach S, Epner D, Knaus C, Zychlinsky E, Pollock AM. Effectiveness of practices to 
reduce blood culture contamination: a Laboratory Medicine Best Practices systematic review and meta -analysis. Clin 
Biochem. 2012 Sep;45(13-14):999-1011. doi: 10.1016/j.clinbiochem.2012.06.007. 

8. Garcia RA, Spitzer ED, Beaudry J, Beck C, Diblasi R, Gilleeny-Blabac M, Goldberg MD, Malowitz R, McLean CP, Morales CP, 
Bitzan MM. Multidisciplinary team review of best practices for collection and handling of blood cultures to determine effecti ve 
interventions for increasing the yield of true-positive bacteremias, reducing contamination, and eliminating false-positive 
central line-associated bloodstream infections. Am J Infect Control. 2015 Nov 1;43(11):1222-1237. doi: 
10.1016/j.ajic.2015.06.030. 

9. Okeke IN, Feasey N, Parkhill J, Turner P, Limmathurotsakul D, Georgiou P, Holmes A, Linton C. Leapfrogging laboratories: the 
promise and pitfalls of high-tech solutions for antimicrobial resistance surveillance in low-income settings. BMJ Glob Health. 
2020 Dec;5(12):e003622. doi: 10.1136/bmjgh-2020-003622. 

10. GBD 2021 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance 1990 -2021: a 
systematic analysis with forecasts to 2050. Lancet. 2024 Sep 28;404(10459):1199-1226. doi: 10.1016/S0140-6736(24)01867-
1. 

11. Daw MA, Mahamat MH, Wareg SE, El-Bouzedi AH, Ahmed MO. Epidemiological manifestations and impact of healthcare-
associated infections in Libyan national hospitals. Antimicrob Resist Infect Control. 2023 Nov 2;12(1):122. doi: 
10.1186/s13756-023-01328-7. 

12. Bleiblo FA, El-Awamie MW, Elsharif NA, Feetouri MM, Alogali IS, Mohamed AA, Ahmed MO. Burden of bacterial antimicrobial 
resistance in Libya, 1970-2024: a systematic meta-analysis with projections to 2050. Antibiotics (Basel). 2026 Jan 11;15(1):92. 
doi: 10.3390/antibiotics15010092. 

13. Alwashaish MM. Clinical outcomes and risk factors associated with bloodstream infections caused by multidrug-resistant 
Gram-negative bacteria in hospitalized patients: a prospective cohort study in Libya. J Med Microbiol. 2025 
Nov;74(11):002101. doi: 10.1099/jmm.0.002101. 

14. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP; STROBE Initiative. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. 
Lancet. 2007 Oct 20;370(9596):1453-1457. doi: 10.1016/S0140-6736(07)61602-X. 

15. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility testing. 35th ed. CLSI 
supplement M100. Wayne (PA): Clinical and Laboratory Standards Institute; 2025. 

16. Clinical and Laboratory Standards Institute. Analysis and presentation of cumulative antimicrobial susceptibility test data. 5th 
ed. CLSI guideline M39. Wayne (PA): Clinical and Laboratory Standards Institute; 2022. 

https://doi.org/10.69667/rmj.26404
https://razi.edu.ly/rmj/index.php/hm


 

Razi Med J. 2026;2(4):705-715 
https://doi.org/10.69667/rmj.26404 

Razi Medical Journal 
https://razi.edu.ly/rmj/index.php/hm 

 

 

715 

17. Newcombe RG. Two-sided confidence intervals for the single proportion: comparison of seven methods. Stat Med. 1998 Apr 
30;17(8):857-872. doi: 10.1002/(sici)1097-0258(19980430)17:8<857::aid-sim777>3.0.co;2-e. 

18. Freeman GH, Halton JH. Note on an exact treatment of contingency, goodness of fit and other problems of significance. 
Biometrika. 1951 Jun;38(1-2):141-149. doi: 10.1093/biomet/38.1-2.141. 

19. IBM Corp. IBM SPSS Statistics for Windows, Version 26.0. Armonk (NY): IBM Corp; 2019. 
20. Zaidi AK, Huskins WC, Thaver D, Bhutta ZA, Abbas Z, Goldmann DA. Hospital-acquired neonatal infections in developing 

countries. Lancet. 2005 Mar 26-Apr 1;365(9465):1175-1188. doi: 10.1016/S0140-6736(05)71881-X. 
21. Musicha P, Cornick JE, Bar-Zeev N, French N, Masesa C, Denis B, Kennedy N, Mallewa J, Gordon MA, Heyderman RS, Everett 

DB, Feasey NA. Trends in antimicrobial resistance in bloodstream infection isolates at a large urban hospital in Malawi (1998-
2016): a surveillance study. Lancet Infect Dis. 2017 Oct;17(10):1042-1052. doi: 10.1016/S1473-3099(17)30394-8. 

 

https://doi.org/10.69667/rmj.26404
https://razi.edu.ly/rmj/index.php/hm

