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among neonates with sepsis and determine their association
with antimicrobial susceptibility patterns and clinical
outcomes

Methodology

A prospective clinical and molecular research was carried
out from January 2024 to December 2025. A consecutive
series of 392 neonates with sepsis were included. Culture
was used to identify bacterial pathogens, antimicrobial
susceptibility testing was done and selected AMR genes
such as blaCTX-M, blaTEM, blaSHV, blaNDM, blaOXA-

Prince of Songkla

48-like and blaVIM were detected by polymerase chain
reaction. Of the 231 culture-positive isolates, 117 (50.65%) were identified as AMR
gene-positive and 114 (49.35%) were identified as AMR gene-negative based on the
detection of at least one of the AMR genes tested. Association of AMR gene status,
phenotypic resistance and clinical outcomes was evaluated.
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Results

Among the 392 neonates, 211 (53.83%) were male and 181 (46.17%) female, while
231 (58.93%) had culture-positive isolates. Klebsiella pneumoniae was the most
common pathogen (71, 30.74%), followed by Escherichia coli (54, 23.38%).
Ampicillin showed the highest resistance (177, 76.62%). Among the 231 culture-
positive isolates, blaCTX-M was most prevalent (96, 41.56%), followed by blaTEM (82,
35.50%), blaSHV (61, 26.41%), and blaNDM (39, 16.88%). Compared with the AMR
gene-negative group, AMR gene-positive cases had higher treatment failure (55, 47.01%
vs. 31, 27.19%; p=0.002), prolonged hospitalization (48, 41.03% vs. 32, 28.07%);
p=0.039), sepsis-related complications (42, 35.90% vs. 26, 22.81%; p=0.029), septic
shock (27, 23.08% vs. 13, 11.40%; p=0.019), organ dysfunction (22, 18.80% vs. 10,
8.77%; p=0.027), and mortality (31, 26.50% vs. 14, 12.28%; p=0.006).

Conclusion

Neonatal sepsis isolates were found to contain molecular AMR determinants, which
were significantly linked to antimicrobial resistance and clinical outcomes, thereby
justifying integrated molecular surveillance and prompt effective antimicrobial therapy.

Introduction

Neonatal sepsis is still one of the most severe causes of morbidity and mortality in the
first weeks of life, especially in low and middle income countries [1]. The immaturity
of neonatal immune responses, underdeveloped skin and mucosal barriers, and
exposure to healthcare-associated pathogens makes neonates vulnerable to invasive
infections [2]. The clinical features of neonatal sepsis are often non-specific, such as
respiratory distress, temperature instability, poor feeding, lethargy, apnea, and
circulatory abnormalities, and early diagnosis and adequate antimicrobial treatment is
often difficult [3]. Failure to provide timely effective treatment can quickly result in
septic shock, organ dysfunction, longer hospital stays, and death [4].

Additionally, the rise in antimicrobial resistance (AMR) has made the treatment of
neonatal sepsis more challenging [5]. Empirical antibiotic therapy is frequently started
before microbiological confirmation due to the rapid onset of infection, but may be
inappropriate or inadequate if the organism has resistance mechanisms [6]. While
conventional antimicrobial susceptibility testing offers valuable phenotypic
information, it does not necessarily reveal the genetic determinants of antimicrobial
resistance [7]. Molecular characterization of antimicrobial resistance genes can help to
identify the resistance mechanisms, such as genes related to resistance to B-lactam,
aminoglycoside, fluoroquinolone, macrolide and other commonly used antimicrobial
agents [8]. The presence of these genes could also help to clarify the differences
between the susceptibility pattern and treatment response in the clinical setting [9].
The importance of antimicrobial resistance in neonates is highlighted because resistant
infections can be linked to treatment failure, complications, length of hospital stay, and
death, as well as delayed effective therapy [10,11]. But the presence of a resistance gene
does not necessarily equate to the same clinical result; pathogen type, infection severity,
birth characteristics, timing of treatment, antibiotic exposure and underlying neonatal
conditions all play a role in the outcome [12]. Therefore, combining molecular data
with clinical and microbiological data may help to gain a better understanding of
neonatal sepsis and its outcomes.

Research Objective

To molecularly characterize antimicrobial resistance genes among neonates with sepsis
and determine their association with antimicrobial susceptibility patterns and clinical
outcomes, including treatment response, duration of hospitalization, complications, and
mortality.

Methodology
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Study Design

A prospective clinical and molecular study was done to describe the antimicrobial
resistance (AMR) genes of neonates with sepsis and its correlation with antimicrobial
susceptibility pattern and clinical outcome. The study combined clinical evaluation,
microbiological investigation, antimicrobial susceptibility testing and molecular
identification of selected antimicrobial resistance genes. Neonates were recruited from
the eligible group and followed up during their hospital stay to record treatment
response, complications, hospital stay and final clinical outcomes.

Study Setting

The study was carried out at Pakistan Institute of Medical Sciences (PIMS) Islamabad.
PIMS is a tertiary care health care centre offering specialised neonatal and paediatric
care and a large volume of neonatal sepsis cases. All neonates who presented to the
neonatal and pediatric units during the study period were screened for eligibility.
Clinical, microbiological and molecular investigations carried out in the institutional
laboratory following institutional laboratory procedures and established diagnostic
protocols.

Study Duration

This study was conducted for 2 years (January 2024 to December 2025). In this
timeframe, eligible neonates were prospectively recruited, clinical information and
specimens were collected, the bacterial pathogens were identified, antimicrobial
susceptibility testing was conducted, and selected genes for antimicrobial resistance
were characterized by molecular techniques. Follow-up was performed until discharge,
transfer, or death and clinical outcomes were recorded.

Study Population

The neonates (0-28 days) admitted to relevant units of PIMS with suspected or
laboratory confirmed sepsis were included in the study population. The clinical and
microbiological evaluation of neonates was performed based on pre-established criteria.
Prospective records were made of demographic characteristics, clinical presentation,
laboratory findings, antimicrobial treatment, microbiological results, molecular
resistance profile and clinical outcome.

Sample Size Determination

A total of 392 neonates with suspected or confirmed sepsis were enrolled in the study.
Sample size was determined according to the prevalence of antimicrobial resistance in
neonatal sepsis reported in similar studies at 95% confidence level and 5% margin of
error. An additional 10% was assumed to be due to incomplete clinical data, specimens
that could not be evaluated, or loss to follow-up. The total number of neonates in the
final study sample of 392 was sufficient to identify bacterial pathogens, antimicrobial
resistance patterns, selected antimicrobial resistance genes, and to evaluate their
correlation to clinical outcomes.

Sampling Technique

Consecutive sampling was used for participant recruitment. Every neonate who came
to the study site during the study period was evaluated based on the set criteria.
Neonates were consecutively selected until the target sample size of 392 was reached,
then the eligible neonates were included if their parents or legally authorized guardians
had given informed consent.

Inclusion Criteria and Exclusion Criteria
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Neonates (0-28 days) with clinical signs of sepsis and who were investigated for
suspected bacterial infection were included. Eligible neonates included those who were
admitted to PIMS during the study period where blood or other clinically indicated
samples were collected. Parental/legally authorized guardian written informed consent
was obtained prior to enrollment. Neonates who died without being clinically and
microbiologically assessed, were transferred to another health care facility without
sufficient clinical and microbiological data, and neonates who had conditions
incompatible with survival were not included. Parents/legal guardians who refused to
participate were also excluded. In addition, samples that were not collected or processed
properly to allow for microbiological evaluation were not included in the relevant
analysis.

Clinical Assessment and Data Collection

A systematic clinical evaluation was performed at the time of enrollment in the study
for each neonate. Demographic and clinical data such as age, sex, gestational age, birth
weight, mode of delivery, symptoms, vital signs, feeding status, respiratory status and
relevant neonatal or maternal risk factors were documented. Temperature instability,
difficulty breathing, apnea, lethargy, poor feeding, irregular heart rate, slow capillary
refill, hypotension, and other indications of systemic infections were noted as clinical
manifestations suggestive of sepsis. Other laboratory investigations performed as part
of routine clinical management (such as complete blood count, C-reactive protein,
blood glucose and other clinically indicated investigations) were also documented.

Specimen Collection and Processing

Blood samples were drawn in strict aseptic conditions, ideally prior to the start of
antibiotic treatment, if possible. Samples were collected in the appropriate blood culture
bottles and with the use of standard microbiological procedures. Samples were
collected and immediately brought to the microbiology lab for processing.
Contamination and loss of specimen quality was minimized by proper labeling,
documentation, transportation, and processing procedures.

Microbiological Identification of Bacterial Pathogens

Blood culture was done in a standard microbiological manner. All positive cultures
were stained and subcultured on proper culture media according to Gram staining.
Conventional biochemical tests were used to identify the bacterial isolates and, if
available, an automated bacterial identification system. Each clinically significant
bacterial isolate's identity was recorded prior to the antimicrobial susceptibility testing.
The isolation and identification process was carried out with appropriate quality control
procedures.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was carried out on clinically important bacterial
isolates using standard laboratory techniques like the Kirby—Bauer disk diffusion
method or using an appropriate automated susceptibility testing system. The choice of
antimicrobial agents was based on the identified bacterial species, the range of
antimicrobial agents used in neonatal infections and the institutional laboratory
protocols. Susceptibility results were evaluated by the study laboratory using current
applicable guidelines of the Clinical and Laboratory Standards Institute or the European
Committee on Antimicrobial Susceptibility Testing. Results were classified as
susceptible, intermediate or resistant. Multidrug resistance was defined using
internationally accepted definitions based on resistance to multiple antimicrobial
classes.

Molecular Characterization of Antimicrobial Resistance Genes

Clinical isolates with antimicrobial resistance patterns of clinical significance were
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chosen for molecular characterization. DNA from bacteria was isolated using a
validated commercial extraction kit or an appropriate standardized laboratory method.
Selected antimicrobial resistance genes were detected by polymerase chain reaction
(PCR) based on the observed resistance phenotype and the bacterial species. The main
molecular targets were important beta-lactam resistance genes (blaCTX-M, blaTEM,
blaSHV) and carbapenemase associated genes (blaNDM, blaOXA-48-like, blaVIM) as
appropriate for the species of bacteria identified. Appropriate species-specific
resistance determinants were investigated for Gram-positive resistant isolates based on
the observed phenotypic resistance and available laboratory resources. For PCR
analysis appropriate primers and positive and negative controls were used. Products
were amplified and analyzed by agarose gel electrophoresis and visualized with an
appropriate DNA detection system. A phenotypic antimicrobial susceptibility profile
was correlated with molecular data for each bacterial isolate.

Association Between AMR Genes and Antimicrobial Susceptibility

Molecular detection of each individual antimicrobial resistance gene was compared to
the corresponding phenotypic antimicrobial susceptibility results. Specific resistance
genes was assessed in relation to resistance to the corresponding antimicrobial agent(s)
or antimicrobial classes. This analysis identified how much of the observed
antimicrobial resistance patterns of the bacterial isolates from neonates with sepsis
corresponded to the identified antimicrobial resistance genes.

Assessment of Clinical Outcomes

Clinical outcomes were assessed in a prospective fashion during the entire
hospitalization. The clinical response to antimicrobial therapy, the need for
antimicrobial modification or escalation, the length of time in hospital, complications,
intensive neonatal care, septic shock, organ dysfunction and outcome on discharge were
documented. Survival/mortality was also recorded. The link between bacterial
pathogens, antimicrobial resistance profile, presence of antimicrobial resistance genes
and clinical outcome was then assessed.

Treatment Outcome Assessment

The clinical improvement, resolution or significant reduction of manifestations of
sepsis and need for antimicrobial modification or escalation were used to evaluate
treatment responses. Failure of treatment was defined as failure to improve or
deteriorate clinically, need for escalation or modification of antimicrobial treatment due
to inadequate response, development of serious complications or death as a result of
sepsis. The results were contrasted based on the presence or absence of certain
antimicrobial resistance genes.

Quality Control and Assurance

The study included quality-control procedures for both the clinical and microbiological
and molecular aspects. Specimen collection, bacterial culture, identification, DNA
extraction, PCR amplification and interpretation of molecular results were conducted
according to standard operating procedures. Where applicable, suitable reference
strains, positive and negative controls were added to laboratory procedures. Laboratory
equipment was kept and calibrated as per institutional requirement and data collection
forms were checked periodically for completeness and consistency.

Statistical Analysis
The data were fed to a computer-based data base and analyzed by the Statistical
Package for the Social Sciences (SPSS) version 27. Data were presented as a mean +
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SD or median (IQR) depending on the distribution of the data, and frequencies and
percentages were used for categorical data. Associations between categorical variables
were analysed by the Chi-square test and for continuous variables the independent-
samples t-test was used. Association between antimicrobial resistance genes,
phenotypic resistance and clinical outcomes were assessed using appropriate regression
analysis. The independent predictors of adverse clinical outcomes (treatment failure
and mortality) were determined following adjustment for relevant clinical and
demographic factors through binary logistic regression. Odds ratios with 95%
confidence intervals were presented and a p-value < 0.05 was defined as being
statistically significant.

Data Confidentiality

The study identification code for each enrolled neonate was unique and information
that could directly identify the neonate was not included in the analytical dataset. All
clinical records, lab results and molecular findings were kept safely and only shared
with authorized personnel on the research team. The data collected were only used for
the purposes of the study and the results of the study were presented in aggregate form
to ensure the confidentiality and privacy of all the neonates studied.

Ethical Considerations

Ethical approval was obtained from the relevant Institutional Ethical Review
Committee of Pakistan Institute of Medical Sciences (PIMS), Islamabad, before
commencement of the study. Written informed consent was obtained from the parents
or legally authorized guardians of all participating neonates. Participation was
voluntary, and refusal or withdrawal did not affect the medical care provided.
Confidentiality was maintained by anonymizing participant information, and all
collected data were securely stored and used solely for research purposes.

Results

Among the 392 neonates with sepsis, 211 (53.83%) were male and 181 (46.17%) were
female (table 1). The largest age group was <7 days (176, 44.90%), while 244 (62.24%)
were term neonates and 235 (59.95%) had birth weight >2.5 kg. Late-onset sepsis was
more common (223, 56.89%) than early-onset sepsis (169, 43.11%). Poor feeding
(60.71%), respiratory distress (54.59%), and elevated CRP (58.42%) were frequent
clinical findings. Significant associations were observed for age, gestational age, birth
weight, poor feeding, respiratory distress, temperature instability, apnea, elevated CRP,
and thrombocytopenia (p<0.05).

Table 1. Demographic, Clinical, and Laboratory Characteristics of Neonates with
Sepsis (N = 392)

Number Frequency p-
. H 2
Variable Category | of P?r'f;ents (%) x value
Male 211 53.83
Gender Female 181 1617 2.30 | 0.129
<7 days 176 44.90
Age 8-14 days 119 30.36 8.42 | 0.015
15-28 days 97 24.74
. Preterm 148 37.76
Gestational age Term 544 6004 491 | 0.027
. : <2.5 kg 157 40.05
Birth weight 2.5 kg 35 £9.95 6.73 | 0.009
Sepsis onset Early-onset 169 43.11 3.64 | 0.056
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Late-onset 223 56.89
Poor feeding PArt?:tht igi gg;; 9.18 | 0.002
oRtess bt | i1s T dsar | 764 0008
e == == =rap
Apnez Ament | 206 | 7as1 | 4% | 003
Elevated CRP PArt?::;]tt iég Zf:gg 11.27 | <0.001
Thrombocytopenia PAf:g;‘tt ;jg gggg 6.82 | 0.009

Among the 231 culture-positive isolates, Klebsiella pneumoniae was the most
frequently isolated pathogen, accounting for 71 (30.74%) cases, followed by
Escherichia coli 54 (23.38%), Staphylococcus aureus 38 (16.45%), Acinetobacter
baumannii 32 (13.85%), and Enterobacter spp. 21 (9.09%), shown in figure 1. Other
Gram-negative and Gram-positive organisms accounted for 10 (4.33%) and 5 (2.16%)
isolates, respectively, indicating a predominance of Gram-negative bacterial pathogens.

= Number of Patients (n) = Frequency (%)

Total 231 100

Other Gram-positive bacteria 5 2.16

Other Gram-negative bacteria 4.33
Acinetobacter baumannii
Staphylococcus aureus
Klebsiella pneumoniae

Figure 1. Distribution of Bacterial Pathogens Isolated from Blood Cultures

The antimicrobial susceptibility results showed substantial resistance among the

bacterial isolates (table 2). Ampicillin had the highest resistance rate, with 177 (76.62%)
isolates resistant, followed by ceftriaxone 162 (70.13%) and cefotaxime 158 (68.40%).

Resistance to gentamicin and amikacin was observed in 119 (51.52%) and 83 (35.93%)

isolates, respectively. Meropenem demonstrated comparatively better activity, with 179

(77.49%) isolates susceptible and 47 (20.35%) resistant. Significant differences were

observed for most antimicrobial agents, whereas amikacin was not statistically

significant (p=0.057).

Table 2. Antimicrobial Susceptibility Pattern of Bacterial Isolates
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Antimicrobial | Resistant n | Intermediate n | Susceptible n 5 p-

agent (%) (%) (%) X value
Ampicillin 177 (76.62) 12 (5.19) 42 (18.18) | 28.64 | <0.001
Cefotaxime 158 (68.40) 14 (6.06) 59 (25.54) | 19.73 | <0.001
Ceftriaxone 162 (70.13) 11 (4.76) 58 (25.11) | 21.46 | <0.001
Gentamicin 119 (51.52) 15 (6.49) 97 (41.99) 8.92 | 0.012
Amikacin 83 (35.93) 12 (5.19) 136 (58.87) | 5.73 | 0.057
Meropenem 47 (20.35) 5 (2.16) 179 (77.49) | 32.18 | <0.001

Molecular analysis demonstrated a substantial presence of antimicrobial resistance
genes among the 231 bacterial isolates. blaCTX-M was the most prevalent gene,
detected in 96 (41.56%) isolates, followed by blaTEM in 82 (35.50%), blaSHV in 61
(26.41%), and blaNDM in 39 (16.88%), shown in table 3. The blaOXA-48-like gene
was detected in 28 (12.12%) isolates, whereas blaVIM was least frequent, occurring in
11 (4.76%) isolates. These findings demonstrate the presence of both B-lactamase- and
carbapenemase-associated resistance determinants.

Table 3. Molecular Detection of Antimicrobial Resistance Genes

Positive | Positive | Negative | Negative , p-
AMR gene (n) (%) (n) (%) L | value
blaCTX-M % 41.56 135 5844 | 14.82 | <0.001
blaTEM 82 35.50 149 6450 | 9.67 | 0.002
blaSHV 61 26.41 170 7359 | 524 | 0.022
blaNDM 39 16.88 192 8312 | 8.31 | 0.004
bIaO”)Eg\-48- 28 12.12 203 87.88 | 6.17 | 0.013
blavIM 11 4.76 220 9524 | 241 | 0.121

A significant association was observed between AMR gene positivity and phenotypic
antimicrobial resistance. Among blaCTX-M-positive isolates, 89 (92.71%)
demonstrated phenotypic resistance compared with 69 (51.11%) of gene-negative
isolates (y>= 44.91, p<0.001), shown in table 4. Similarly, resistance was observed in
73 (89.02%) blaTEM-positive and 55 (90.16%) blaSHV-positive isolates, compared
with 57.05% and 60.59% of the respective negative groups. The highest phenotypic
resistance among gene-positive isolates was observed for blaNDM (37, 94.87%),
compared with 63.02% among gene-negative isolates (¥>=19.62, p<0.001).

Table 4. Association Between AMR Genes and Phenotypic Antimicrobial
Resistance

Phenotypic No phenotypic | , p-

AMR gene resistance n (%) resistance n (%) £ value

bgﬂé'\” 89 (92.71) 7 (7.29)

EIaCTX-M 44.91 | <0.001
. 69 (51.11) 66 (48.89)

negatlve

b:)aSTUEV'\é' 73 (89.02) 9 (10.98)

EIaTEM 26.83 | <0.001
) 85 (57.05) 64 (42.95)

negative

o [seom  Jeow

EIaSHV 22.74 | <0.001
) 103 (60.59) 67 (39.41)

negative
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et 37 (94.87) 2 (5.13)

EIaNDM 19.62 | <0.001
i 121 (63.02) 71 (36.98)

negatlve

Among the 231 culture-positive isolates, 117 (50.65%) were AMR gene-positive and
114 (49.35%) were AMR gene-negative (table 5). AMR gene-positive neonates had
significantly higher treatment failure (47.01% vs. 27.19%, p=0.002), prolonged
hospitalization (41.03% vs. 28.07%, p=0.039), sepsis-related complications (35.90%
vs. 22.81%, p=0.029), septic shock (23.08% vs. 11.40%, p=0.019), organ dysfunction
(18.80% vs. 8.77%, p=0.027), and mortality (26.50% vs. 12.28%, p=0.006) than AMR
gene-negative neonates.

Table 5. Clinical Outcomes According to AMR Gene Status

. AMR gene positive | AMR gene negative | , p-
Clinical outcome (n=117) (n=114) X value
Treatment failure 55 (47.01%) 31 (27.19%) 9.70 | 0.002
Prolonged | 48 (41.03%) 32 (28.07%) 4.28 | 0.039
hospitalization
Sepsis-related 42 (35.90%) 26 (22.81%) 4.76 | 0.029
complications
Septic shock 27 (23.08%) 13 (11.40%) 5.50 | 0.019
Organ dysfunction 22 (18.80%) 10 (8.77%) 4.87 | 0.027
Mortality 31 (26.50%) 14 (12.28%) 7.44 | 0.006

Comparison of continuous variables showed that AMR gene-positive neonates had a
higher mean age at admission than AMR gene-negative neonates (10.42 + 6.18 vs. 8.76
+ 5.91 days; p=0.030), shown in table 6. Mean birth weight was significantly lower in
the AMR-positive group (2.31 = 0.64 vs. 2.52 + 0.59 kg; p=0.005). AMR gene-positive
neonates also had a significantly longer hospitalization duration (15.84 £ 8.26 vs. 11.37
+ 6.41 days; p<0.001) and higher mean CRP levels (48.63 + 21.74 vs. 36.29 + 18.52
mg/L; p<0.001).

Table 6. Comparison of Continuous Clinical Variables by AMR Gene Status

AMR Gene | AMR Gene t- i
Variable Positive Mean = | Negative Mean * value \F/)alue
SD SD
Age —at admission | 4, 45, 6 1g 8.76 + 5.91 218 |0.030
(days)
Birth weight (kg) 2.31 +0.64 2.52 +0.59 -2.87 | 0.005
Duration of | 1584+ 826 11.37 +6.41 4.82 | <0.001
hospitalization (days)
CRP (mg/L) 48.63 £ 21.74 36.29 + 18.52 5.03 | <0.001

Multivariable logistic regression showed that AMR gene positivity independently
increased the odds of treatment failure (adjusted OR=2.84, 95% CI. 1.76-4.58, p<0.001)
and mortality (adjusted OR=2.96, 95% CI: 1.62-5.41, p<0.001), shown in table 7.
Carbapenemase gene positivity was associated with approximately threefold higher
odds of treatment failure (OR=3.17, 95% CI: 1.71-5.89) and mortality (OR=3.48, 95%
Cl: 1.72-7.04; both p<0.001). Multidrug-resistant isolates, preterm birth, and low birth
weight were also significant predictors of adverse outcomes. Delayed effective
antimicrobial therapy independently predicted treatment failure (OR=2.76, 95% CI:
1.67-4.56, p<0.001), while septic shock was strongly associated with mortality
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(OR=4.16, 95% Cl: 2.24-7.72, p<0.001).

Table 7. Binary Logistic Regression Analysis of Predictors of Treatment Failure
and Mortality Among Neonates with Sepsis

Treatment Failure | Mortality i
Predictor Adjusted OR (95% \F/)alue Adjusted OR \F;alue
Cl) (95% CI)
AMR gene positivity | 2.84 (1.76-4.58) <0.001 | 2.96 (1.62-5.41) | <0.001
:\S"(;Jlgt'gmg'res'“am 231(1.42-3.76) | <0.001 | 2.43 (1.36-4.34) | 0.003
Carbapenemase gene | 4 17 1 71 5 gg) <0.001 | 3.48 (1.72-7.04) | <0.001
positivity
Preterm birth 1.68 (1.05-2.69) 0.030 | 1.74(1.01-3.00) | 0.046
Low birth weight 1.91 (1.20-3.04) 0.006 | 2.21(1.27-3.85) | 0.005
Delayed ~effective | , 76 1 67 456) | <0.001 | — —
antimicrobial therapy
Septic shock — — 4.16 (2.24-7.72) | <0.001

Note: OR = Odds Ratio; CI = Confidence Interval; AMR = Antimicrobial Resistance.
Adjusted ORs were obtained from multivariable binary logistic regression models. The
treatment-failure model included predictors relevant to treatment response, whereas the
mortality model included predictors relevant to mortality. An adjusted OR >1 indicates
increased odds of the respective adverse outcome.

Discussion

A total of 392 neonates were evaluated for sepsis in the present study with 53.83% male
and 46.17% female. The largest age group was <7 days (44.90%), while 37.76% were
preterm and 40.05% had birth weight <2.5 kg. Clinically, poor feeding (60.71%),
respiratory distress (54.59%), elevated CRP (58.42%), temperature instability (42.60%),
and thrombocytopenia (36.48%) were common. The results highlight the significant
clinical impact of neonatal sepsis and are largely consistent with earlier studies that
indicate that prematurity, low birth weight and non-specific systemic signs are
significant neonatal sepsis characteristics. Another systematic review and meta-
analysis by Fleischmann et al., (2021) also highlighted the substantial neonatal sepsis-
related mortality and morbidity around the world, especially in low-resource areas [13].
The microbiological results showed that Klebsiella pneumoniae (30.74%), Escherichia
coli (23.38%), Staphylococcus aureus (16.45%), and Acinetobacter baumannii
(13.85%) were the most common pathogens. This dominance of Klebsiella is also
similar to that of Bandyopadhyay et al. (2018) who found Klebsiella to be the most
frequent individual pathogen (31.1%) in culture positive neonatal sepsis cases. Their
study also found significant multidrug resistance in Klebsiella, E. coli and
Acinetobacter isolates. Similarly, a recent systematic review conducted in the Gulf
region showed that Klebsiella was one of the major causes of neonatal sepsis and high
resistance to commonly used B-lactam antibiotics [14]. The similarities indicate that
Gram-negative organisms continue to be important causes of neonatal sepsis and
antimicrobial resistance.

The antimicrobial susceptibility results were especially high for ampicillin (76.62%),
ceftriaxone (70.13%), and cefotaxime (68.40%) resistance and 51.52% for gentamicin.
Meropenem, on the other hand, had comparatively lower resistance (20.35%) and 77.49%
of the isolates were susceptible. The results show high resistance to the most frequently
used B-lactam and aminoglycoside drugs. In a 2025 systematic review, third generation
cephalosporin resistance rates were reported to be about 15-35% and aminoglycoside
resistance to be 20-45% in neonatal sepsis studies, which are higher than the resistance
rates in the present study [15]. Similarly, Moftian et al., (2023) found that there was a
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high prevalence of antimicrobial resistance among Gram-negative pathogens associated
with neonatal sepsis, raising concerns about the ability of empirical antibiotics to
effectively treat infections in the future [16].

Molecular analysis identified blaCTX-M as the most frequently detected resistance gene
(41.56%), followed by blaTEM (35.50%), blaSHV (26.41%), blaNDM (16.88%),
blaOXA-48-like (12.12%), and blaVIM (4.76%). Importantly, the presence of blaCTX-
M, blaTEM, blaSHV and blaNDM was significantly associated with phenotypic
resistance, as 92.71%, 89.02%, 90.16% and 94.87% of positive isolates were
respectively phenotypically resistant (all p<0.001). The results are in line with
molecular research that has shown that ESBL-associated genes are widespread in
neonatal pathogens. In another study, the distribution of blaCTX-M-15, blaTEM, and
blaSHV was studied in bloodstream isolates of Klebsiella and E. coli from neonates; all
ESBL-positive isolates were found to carry blaCTX-M-15, whereas blaTEM and
blaSHV were also detected [17]. Recently, molecular characterization of ESBL-
producing K. pneumoniae in preterm babies revealed the presence of blaCTX-M,
blaTEM, blaSHV, blaNDM, blaOXA-48, and blaVIM, corroborating the wide range of
genetic diversity seen in the present study [18].

The clinical findings also revealed an important relationship between AMR gene
positivity and adverse outcome. Of the 231 culture-positive isolates, 117 (50.65%) were
identified as AMR gene-positive and 114 (49.35%) as AMR gene-negative, due to the
presence or absence of at least one of the resistance genes being tested. Treatment
failure was observed in 55 (47.01%) AMR gene-positive patients and 31 (27.19%)
AMR gene-negative patients (p=0.002). Prolonged hospitalization occurred in 48
(41.03%) versus 32 (28.07%) cases (p=0.039), while sepsis-related complications
occurred in 42 (35.90%) versus 26 (22.81%) (p=0.029). Septic shock occurred in 27
(23.08%) versus 13 (11.40%) (p=0.019), and organ dysfunction occurred in 22 (18.80%)
versus 10 (8.77%) cases (p=0.027), respectively. In addition, neonates with AMR gene-
positive isolates had a significantly higher mortality rate (31 (26.50%) versus 14
(12.28%) for AMR gene-negative isolates; p=0.006). The results suggest that clinically
relevant AMR determinants may be linked to poor treatment outcomes and
complications in neonates with culture proven sepsis. In previous neonatal studies,
resistant infections were also reported to have worse outcomes, such as increased
hospital stay and mortality, in ESBL-associated neonatal infections; and higher
infectious complications and sepsis-attributable mortality in ESBL cases in Taiwan [19].
Lastly, multivariable logistic regression showed that AMR was independently
associated with poor clinical outcomes after adjustment for other risk factors. AMR
gene positivity increased the odds of treatment failure by 2.84-fold (95% CI: 1.76-4.58;
p<0.001) and mortality by 2.96-fold (95% CI: 1.62-5.41; p<0.001). Carbapenemase
gene positivity showed an even stronger association with treatment failure (OR=3.17,
95% CI: 1.71-5.89; p<0.001) and mortality (OR=3.48, 95% CI: 1.72-7.04; p<0.001).
Other important predictors were preterm birth and low birth weight, with septic shock
being a strong predictor of mortality (OR=4.16, 95% CI: 2.24-7.72; p<0.001). These
results are in line with previous studies, which have shown antimicrobial resistance,
severity of illness and neonatal vulnerability to be significant factors in adverse
outcomes. Bandyopadhyay et al. (2018) also found independent clinical predictors of
neonatal death in culture positive sepsis [20]. In conclusion, the results of this study
provide support to the implementation of molecular AMR surveillance in addition to
standard susceptibility testing, to help detect resistant infections earlier and to guide
antimicrobial therapy more appropriately.

Study Strengths and Limitations

One of the strengths of this study is the prospective clinical and molecular design, which
allowed the incorporation of clinical characteristics, bacterial culture, antimicrobial
susceptibility testing, molecular detection of genes conferring antimicrobial resistance,
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and patient outcome in neonates with sepsis. The large number of neonates (392) and
the number of culture-positive isolates (231) allowed for a significant amount of data
to be used to assess the significance of important resistance determinants, such as
blaCTX-M, blaTEM, blaSHV, blaNDM, blaOXA-48-like, and blaVIM. The study also
reinforced the clinical implications of the molecular results by comparing the
association between the molecular results and treatment failure, hospital stay,
complications, septic shock, organ dysfunction and mortality, and then by multivariable
logistic regression to control for relevant neonatal and clinical risk factors. But there
are a few drawbacks to keep in mind. The study was performed in a single tertiary care
hospital and may not be generalizable to other hospitals and areas. The results are based
on molecular testing of selected bacterial isolates, and may not reflect the results of all
neonates that had clinically suspected sepsis, especially those that were culture negative.
The study did not include all resistance genes and may not have included other genetic
mechanisms that play a role in antimicrobial resistance. Furthermore, the observational
study design makes it difficult to draw a direct causal inference between carriage of the
AMR gene and adverse clinical outcomes. Multivariable adjustment may not fully
control for confounding due to the severity of the disease, antimicrobial exposure,
comorbidities, and timing of effective therapy. Lastly, the study took place over a
specific 2-year period, and any changes in the prescribing of antimicrobials and the
emergence of antimicrobial resistance may affect the generalizability of the results to
future populations.

Conclusion

This prospective clinical and molecular study revealed significant prevalence of
antimicrobial resistance in the neonates with sepsis. Important resistance genes, such
as blaCTX-M, blaTEM and blaSHV were more prevalent, and blaNDM and blaOXA-
48-like were detected as important carbapenemase-associated determinants. Major
AMR genes were significantly correlated with phenotypic AMR, suggesting that there
is a significant link between the molecular resistance determinants and observed
susceptibility patterns. Neonates with AMR gene-positive isolates had worse clinical
outcomes, such as higher treatment failure rate, longer hospital stay, higher rates of
complications related to sepsis, septic shock, organ dysfunction, and death than those
with AMR gene-negative isolates. Multivariable analysis also confirmed that both
AMR gene positivity and CAR were independently associated with poor clinical
outcomes. The results of this study underscore the clinical value of using both
molecular AMR detection and conventional culture and AMR testing in neonatal sepsis.
To achieve better clinical outcomes and decrease the burden of antimicrobial resistance
neonatal sepsis, the four elements of early recognition of resistant pathogens, prompt
initiation of appropriate antimicrobial therapy, antimicrobial stewardship and enhanced
infection control must be implemented.
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