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ABSTRACT 

 

 
Background and Objectives: Neonatal septicemia is a significant cause of morbidity and mortality in neonatal intensive 

care units (NICUs). Understanding the patterns of antibiotic resistance and pathogen prevalence is crucial for effective treat- 

ment. 

Materials and Methods: This cross-sectional study was conducted from 2016 to 2022 in the NICU of Vali-Asr Hospital 

in Tehran. All neonates diagnosed with septicemia were included. Data were collected using the hospital's registry system. 

Results: A total of 477 infants were hospitalized with sepsis, with 71.7% classified as early-onset sepsis (EOS) and 28.3% 

as late-onset sepsis (LOS). The most common pathogens were coagulase-negative Staphylococcus (22.1%), Klebsiella pneu- 

moniae (14.9%), and Staphylococcus epidermidis (14.3%). The highest antibiotic resistance was observed for erythromy- 

cin (89.8%), clindamycin (80.6%), gentamicin (66.1%), and ciprofloxacin (63.5%), while vancomycin showed the lowest 

resistance (11.2%). Significant associations were found between antibiotic resistance with low birth weight and chest tube 

intervention. Trends in antibiotic resistance varied over the study period, with a notable decrease in resistance in 2021. 

Conclusion: The study highlights the high prevalence of antibiotic resistance in neonatal sepsis, emphasizing the need for 

continuous monitoring and tailored antibiotic stewardship programs. The findings underscore the importance of individual- 

ized treatment approaches to improve outcomes for neonates with sepsis. 

 
Keywords: Sepsis; Neonatal; Drug resistance; Bacterial; Intensive care units; Klebsiella pneumonia; Staphylococcus; Coag- 

ulase-negative; Microbial sensitivity tests; Blood culture 

 

 
INTRODUCTION 

 
Neonatal sepsis is a life-threatening condition af- 

fecting infants ≤28 days old, characterized by sys- 

temic infection symptoms and complex biochemical 

disturbances (1, 2). 

Despite advancements in neonatal care, sepsis re- 

mains a leading cause of morbidity and mortality, 
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accounting for 203,000 deaths annually worldwide, 

ranking as the third major cause of neonatal mortal- 

ity (3). The prevalence of neonatal sepsis is notably 

higher in preterm and low-birth-weight neonates, 

with a reported mortality rate of 17.6% (2). This bur- 

den is especially pronounced in low- and middle-in- 

come countries, where infectious disease prevalence 

is heightened due to limited healthcare infrastructure 

(2). 

Early-onset  sepsis  (EOS),  occurring  within  the 

first 72 hours of life, is 2.6 times more common than 

late-onset sepsis (LOS), with incidences of 2,496 vs. 

946 cases per 100,000 live births, respectively (2, 4). 

EOS is predominantly caused by Group B Strepto- 

coccus (GBS), Escherichia coli, and other strepto- 

cocci, while LOS is often attributed to hospital-ac- 

quired pathogens (5). 

Empirical treatment commonly includes ampicil- 

lin with gentamicin or third-generation cephalospo- 

rins, ensuring both efficacy and resistance coverage. 

Notably, 30% of EOS cases involve gram-negative 

bacteria resistant to ampicillin, necessitating tailored 

antibiotic strategies (5). 

A comprehensive understanding of local antimi- 

crobial resistance patterns is imperative for optimiz- 

ing neonatal sepsis management. Resistance trends 

vary geographically, underscoring the need for da- 

ta-driven antibiotic protocols. Misuse of antibiotics, 

coupled with the neglect of region-specific resistance 

trends, reduces treatment effectiveness and acceler- 

ates antimicrobial resistance (6). 

Within neonatal intensive care units (NICUs), ne- 

onates, particularly preterm infants, face an elevated 

risk of acquiring multi-drug-resistant (MDR) infec- 

tions (6). Empirical antibiotic use in NICUs often 

exceeds necessity, leading to concerns regarding an- 

timicrobial stewardship. Continuous epidemiological 

monitoring is essential to track evolving bacterial re- 

sistance patterns, ensuring effective therapeutic de- 

cisions and minimizing adverse treatment outcomes 

(6). 

This  study aims  to  analyze  bacterial  resistance 

trends in neonatal sepsis among infants admitted to 

Vali-Asr Hospital’s NICU from 2016 to 2021, address- 

ing critical gaps in resistance profiling and treatment 

optimization. By elucidating pathogen prevalence 

and resistance dynamics, findings will contribute to 

more informed antibiotic selection, reducing neona- 

tal morbidity and mortality associated with sepsis. 

MATERIALS AND METHODS 

 
Study design and setting. This cross-sectional 

study was conducted in the NICU of Vali-Asr Hos- 

pital between 2016 and 2022, focusing on neonates 

diagnosed  with  septicemia  confirmed via  positive 

blood culture during the study period. Data were re- 

trieved from the hospital's registry system. 

 
Study population. The study included all neonates 

admitted to the NICU at Vali-Asr Hospital with a 

confirmed diagnosis of septicemia between 2016 and 

2021. 

 
Data  collection.  Data  were  extracted  from  the 

Vali-Asr Maternal and Neonatal Information regis- 

try system, maintained by the Maternal, Fetal and 

Neonatal Research Center. The dataset included de- 

mographic details, clinical characteristics, and labo- 

ratory findings. 

 
Bacterial  culture  techniques.  Blood  samples 

were collected aseptically from neonates suspected 

of having septicemia. These samples were inoculat- 

ed into blood culture bottles and incubated in auto- 

mated blood culture systems (e.g., BACTEC, BacT/ 

ALERT) for up to seven days. Positive cultures were 

sub-cultured onto solid media, including blood agar 

and MacConkey agar, and incubated at 37°C for 24 

to 48 hours. Pathogen identification was conducted 

using standard microbiological techniques, such as 

gram staining, biochemical tests, and, when neces- 

sary, automated identification systems (e.g., VITEK 

2, MALDI-TOF MS). 

 
Antibiotic susceptibility testing. Antibiotic sus- 

ceptibility testing was performed on all identified 

pathogens using the Kirby-Bauer disk diffusion 

method, following Clinical and Laboratory Stan- 

dards   Institute   (CLSI)   guidelines.   Mueller-Hin- 

ton agar plates were inoculated with standardized 

bacterial suspensions, and antibiotic-impregnated 

disks  were  placed  on  the  surface.  After  incuba- 

tion at 37°C for 16 to 18 hours, zones of inhibition 

were measured and interpreted according to CLSI 

criteria. Additionally, minimum inhibitory concen- 

trations were determined for selected antibiotics us- 

ing broth microdilution or automated systems (e.g., 

VITEK 2). 
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Data analysis. We examined antibiotic resistance 

patterns in relation to clinical characteristics. Chi- 

square tests were used to assess associations between 

categorical variables, while monthly trends in patho- 

gen prevalence were analyzed. Time series analysis 

was performed to detect resistance patterns over the 

study period. All statistical analyses were conducted 

using SPSS software. 

This project received ethical approval from the Teh- 

ran University of Medical Sciences Ethics Committee 

under ethics code IR.TUMS.IKHC.REC.1400.412. 
 

 
 

RESULTS 

 
Patient demographics and clinical characteris- 

tics. Between 2016 and 2021, a total of 477 neonates 

were hospitalized in the NICU at Vali-Asr Hospital, 

Tehran, with a confirmed diagnosis of sepsis. Of these 

cases, 342 (71.7%) were classified as EOS, while 135 

(28.3%) were categorized as LOS. 

The mean (SD) gestational age was 32.18 (4.36) 

weeks, with a mean birth weight of 1,797.1 (768.71) 

grams. The average age at sepsis diagnosis was 11.79 

(6.05) days, while Apgar scores at the first and fifth 

minutes were recorded as 5.66 (2.53) and 7.89 (1.63), 

respectively. 

Cesarean section deliveries accounted for 85.1% 

of  all  births.  Additionally,  79.0%  (377  neonates) 

were preterm (≤37 weeks of gestation), and 54.3% 

(259 neonates) were male. The birthplace of 95.2% 

of the neonates was Vali-Asr Hospital, where they 

were subsequently admitted for neonatal sepsis treat- 

ment. Among these cases, 76.9% (367 neonates) had 

low birth weight (<2,500 grams). Sadly, 64 neonates 

(14.1%) succumbed to complications associated with 

sepsis. The most commonly observed clinical manifes- 

tations among neonates diagnosed with sepsis were 

jaundice (70.4%), respiratory distress (58.3%), posi- 

tive C-reactive protein (54.7%), and bleeding (39.0%) 

(Table 1). 

 
Microbiological findings. The study also revealed 

that the most common strains causing neonatal sepsis 

in hospitalized infants were Staphylococcus epider- 

midis (32.08%), and Klebsiella pneumoniae (16.6%). 

Additional findings on bacterial distribution and prev- 

alence can be found in Table 2. 

 
Antibiotic usage and resistance patterns. Regard- 

ing antibiotics, the most frequently used for neonatal 

sepsis were gentamicin (319 cases), ciprofloxacin 

(299 cases), cotrimoxazole (280 cases), vancomycin 

(223 cases), clindamycin (221 cases), and erythromy- 

cin (216 cases), respectively. Among these, the high- 

est antibiotic resistance proportion was seen in eryth- 

romycin (89.8%), clindamycin (80.6%), gentamicin 

(66.1%), and ciprofloxacin (63.5%); conversely van- 

comycin exhibited the lowest resistance rate (11.2%) 

(Fig. 1). 

Furthermore, the study indicated that the highest 

proportion of sepsis antibiotic resistance (among all 

of antibiotics) was associated with aztreonam (98.9%; 

8/9 cases), erythromycin (89.8%; 194/216), ceftriax- 

one (84.4%; 103/122), cefoxitin (80.3%; 110/137), 

and ampicillin (77.8%; 137/176) (Fig. 1). 

 
Clinical correlations with antibiotic sensitivity. 

The  study  explored  associations  between  antibiot- 

ic resistance and various clinical characteristics and 

treatment interventions among neonates. Key findings 

(Table 3) indicate that significant correlations were 

observed between antibiotic resistance and absence of 

respiratory distress, presence of neonatal apnea, ab- 

sence of bleeding, low birth weight (<2,500 grams), 

non-use of umbilical venous catheter, requirement for 

chest tube insertion, and presence of neonatal hypo- 

tonia. 

 
Trends in antibiotic resistance over time. The 

study tracked monthly trends of drug resistance for 

five commonly administered antibiotics: erythromy- 

cin, vancomycin, ciprofloxacin, gentamicin, pipera- 

cillin, and clindamycin over a six-year period (2016– 

2021) (Tables 4-8). 

Resistance rates fluctuated significantly across 

months:  erythromycin  resistance  peaked  in  Janu- 

ary 2018, February 2019–2020, March 2019, May 

2018–2019, July 2016–2019, September 2020, and 

December 2020. Clindamycin resistance showed the 

highest relative frequency in February 2019, March 

2019, May 2018, July 2016, August 2018, October 

2017–2021, and September 2017–2020. Gentamicin 

resistance peaked in February 2021, May 2017–2021, 

July  2017, August 2018,  October  2017–2021,  and 

December 2018–2021. Ciprofloxacin resistance was 

highest in February 2021, May 2020–2021, July 2017, 

and November 2019. Vancomycin resistance peaked 

in January 2020 and July 2016. 

Corresponding graphs visualizing these resistance 
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Table 1. Distribution of clinical findings in hospitalized infants with sepsis in the NICU at Vali-Asr Hospital 

 

Clinical findings n (%) Clinical findings n (%) 
Jaundice 321 (70.4) Pneumonia 65 (11.3) 
Respiratory distress 266 (58.3) Intolerance PO 36 (7.5) 
Bleeding 186 (39.0) Cyanosis 27 (7.5) 
Premature Rupture of Membranes (PPROM) 80 (18.6) Hypotonia 27 (5.7) 
Tachypnea (TTN) 85 (17.8) Fever 14 (2.9) 
Apnea 58 (12.7) Decreased infant reflexes 13 (2.7) 
Seizure 56 (11.7) Lethargy 3 (0.6) 

 
 

Table 2. Frequency of the main strains causing neonatal sepsis in neonates admitted to Vali-Asr Hospital from 2016-2021 

 

Pathogens n (%) Pathogens n (%) 
Staphylococcus epidermidis 153 (32.07) Escherichia coli 11 (2.3) 
Klebsiella pneumoniae 79 (16.6) Strep non-hemolytic 9 (1.9) 
Acinetobacter baumannii 43 (9.01) Staphylococcus aureus 5 (1.0) 
*Candida 46 (9.64) Enterococcus faecalis 3 (0.6) 
Stenotrophomonas maltophilia 27 (5.7) Alcaligenes sp. 4 (0.8) 
Enterococcus faecium 24 (5.0) Streptococci viridans 2 (0.4) 
Staphylococcus haemolyticus 24 (5.03) Staphylococcus saprophyticus 5 (1.05) 
Enterobacter cloacae and aerogenes 10 (2.1) Staphylococcus lentus 5 (1.05) 
Streptococcus mitis 8 (1.7)   

 
 

 
 

Fig. 1. The pattern of antibiotic resistance in neonatal sepsis from 2016 to 2021 

 
trends are presented in Figs. 2-6. Notably, drug re- 

sistance rates showed a significant decline in 2021, 

with only 11 reported cases of erythromycin-resis- 

tant  infections,  suggesting  an  overall  downward 

trend in antibiotic resistance in the final year of the 

study. 

DISCUSSION 

 
This study, conducted in the NICU of Vali-Asr Hos- 

pital (2016–2021), identified 192 coagulase-negative 

Staphylococcus isolates (40.25% of total cases), in- 

cluding  Staphylococcus  epidermidis,  Staphylococ- 
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Table 3. Distribution of maternal and neonatal characteristics based on sensitivity to commonly used antibiotics 

 

Variables Co-Factors Sensitive to antibiotics; N (%) Resistance to antibiotics, N (%) X2(P-Value) 
Gender Female 27 (11.7) 203 (88.3) 0.178 (0.392) 

 Male 24 (13.1) 159 (86.9)  
Type of Sepsis Early 29 (13.4) 187 (86.6) 0.034 (0.854) 

 Late 22 (12.8) 150 (87.2)  
Respiratory distress No 9 (4.9) 176 (95.1) 20.53 (<0.001) 

 Yes 42 (20.3) 165 (79.7)  
Neonatal apnea No 49 (14.4) 291 (85.6) 4.60 (0.032) 

 Yes 2 (3.8) 51 (96.2)  
Pneumonia No 47 (14.0) 289 (86.0) 1.99 (0.159) 

 Yes 4 (7.1) 52 (92.9)  
Jaundice No 11 (10.2) 97 (89.8) 1.03 (0.311) 

 Yes 40 (14.0) 245 (86.0)  
Bleeding No 24 (9.2) 238 (90.8) 10.14 (0.002) 

 Yes 27 (20.6) 104 (79.4)  
Gestational age, week <38 15 (0.048) 298 (95.2) 1.46 (0.23) 

 ≥38 2 (2.0) 97 (98.0)  
Low birth weight No 50 (16.8) 248 (83.2) 18.68 (<0.001) 

 Yes 1 (0.9) 110 (99.1)  
Place of birth The same hospital 49 (12.5) 342 (87.5) 0.166 (0.683) 

 Another hospital 2 (9.5) 19 (90.5)  
Type of delivery Cesarean section 42 (12.2) 303 (87.8) 0.059 (0.808) 

 Vaginal 9 (13.2) 59 (86.8)  
Intubation No 22 (10.0) 199 (90.0) 3.57 (0.059) 

 Yes 28 (16.8) 143 (86.4)  
Umbilical vein catheter No 35 (11.0) 284 (89.0) 4.89 (0.027) 

 Yes 15 (20.5) 58 (79.5)  
Chest tube No 50 (14.8) 287 (85.2) 9.18(0.007) 

 Yes 0 (0) 54 (100.0)  
Neonatal hypotonia No 51 (13.9) 315 (86.1) 4.32 (0.038) 

 Yes 0 (0.0) 27 (100.0)  
 

Table 4. Frequency and percentage of antibiotic resistance to erythromycin in neonatal sepsis in Vali-Asr Hospital from 2016 

to 2021. 

 
Month 2016 

n          % 

2017 

n          % 

2018 

n          % 

2019 

n          % 

2020 

n          % 

2021 

n          % 

Total 

 

1 1 50.0 0 0.0 6 75.0 5 45.45 0 0.0 0 0.0 12 
2 2 33.33 3 75.0 2 18.18 4 80.0 1 100.0 0 0.0 12 
3 3 42.85 4 66.67 3 37.5 2 100.0 3 27.27 0 0.0 15 
4 3 37.5 1 25.0 3 37.5 0 0.0 2 33.33 4 28.57 13 
5 2 66.67 1 100.0 8 72.72 3 37.5 9 60.0 0 0.0 25 
6 2 33.33 2 25.0 3 37.5 2 33.3 7 58.33 0 0.0 16 
7 1 100.0 3 100.0 4 40.0 3 75.0 1 20.0 0 0.0 12 
8 2 33.33 1 33.33 5 71.4 2 28.57 6 30.0 0 0.0 16 
9 3 42.85 3 75.0 4 44.45 1 16.67 4 100.0 3 13.04 18 
10 4 40.0 4 80.0 4 66.67 5 33.33 7 46.67 3 60.0 27 
11 3 75.0 4 57.14 4 44.45 8 80.0 2 33.33 1 33.33 22 
12 1 33.33 1 16.67 4 50.0 3 50.0 1 100.0 0 0.0 10 
Total 29  27  50  38  43  11  198 

http://ijm.tums.ac.ir/


BACTERIAL RESISTANCE IN NEONATAL SEPSIS 

533 http://ijm.tums.ac.ir IRAN. J. MICROBIOL. Volume 17 Number 4 (August 2025) 528-538 

 

 

 

 
 

Table 5. The frequency and percentage of antibiotic resistance to clindamycin in neonatal sepsis in Vali-Asr Hospital 2016- 

2021 

 

Month  2016  2017  2018  2019  2020  2021 Total 

 n % n % n % n % n % n %  
1 1 50.0 0 0.0 5 62.5 5 45.45 0 0.0 1 50.0 12 
2 2 33.33 3 75.0 1 9.09 4 80.0 0 0.0 0 0.0 10 
3 1 14.28 4 66.67 3 37.5 2 100.0 4 36.36 0 0.0 14 
4 3 37.5 2 50.0 3 37.5 0 0.0 2 33.33 4 28.57 14 
5 1 33.33 0 0.0 8 72.72 3 37.5 9 60.0 1 20.0 22 
6 2 33.33 2 25.0 3 37.5 2 33.33 7 58.33 1 12.5 17 
7 1 100.0 2 66.67 4 40.0 2 50.0 1 20.0 0 0.0 10 
8 2 33.33 1 33.33 5 71.42 2 28.57 5 25.0 0 0.0 15 
9 3 42.85 3 75.0 3 33.33 1 16.67 4 100.0 5 21.39 19 
10 5 50.0 4 80.0 4 66.67 4 26.67 7 58.0 4 80.0 28 
11 2 50.0 4 57.14 4 44.44 8 80.0 2 33.33 1 33.33 21 
12 1 33.33 2 33.33 4 50.0 2 33.33 1 60.0 0 0.0 10 
Total 24  27  47  35  42  17  192 

 

 
Table 6. Frequency and percentage of antibiotic resistance to gentamicin in neonatal sepsis in Vali-Asr Hospital from 2016 to 

2021 

 
Month 2016 

n          % 

2017 

n          % 

2018 

n          % 

2019 

n          % 

2020 

n          % 

2021 

n          % 

Total 

 

1 1 50.0 0 0.0 5 62.5 7 63.6 0 0.0 0 0.0 13 
2 4 66.7 2 50.0 3 27.3 2 40.0 0 0.0 2 100 13 
3 3 42.9 1 16.7 2 25.0 1 50.0 2 18.2 4 50.0 13 
4 4 50.0 2 50.0 5 62.5 3 50.0 2 33.3 8 57.1 24 
5 2 66.7 1 100.0 6 54.5 3 37.5 4 16.7 4 80.0 20 
6 4 66.7 4 50.0 3 37.5 2 33.3 4 33.3 5 62.5 22 
7 0 0.0 3 100.0 4 40.0 3 75.0 3 60.0 0 0.0 13 
8 3 50.0 1 33.3 4 57.1 5 71.5 5 25.0 0 0.0 18 
9 5 71.4 2 50.0 6 66.7 0 0.0 0 0.0 14 60.9 27 
10 5 50.0 3 60.0 4 66.7 4 26.7 3 20.0 2 40.0 21 
11 2 50.0 4 57.1 5 55.6 3 30.0 2 33.3 2 66.7 18 
12 0 0.0 1 16.7 6 75.0 1 16.7 0 0.0 7 100.0 15 
Total 48  33  24  53  34  25  217 

 

 
cus haemolyticus, Staphylococcus saprophyticus, 

Staphylococcus lentus, and Staphylococcus hominis. 

Among these, 153 isolates (32.08%) were confirmed 

as S. epidermidis, while 24 isolates (5.03%) were S. 

haemolyticus. Additionally, K. pneumoniae account- 

ed for 16.6% of total isolates (79/477 cases). 

These findings are consistent with previous studies 

in Iran, which identify coagulase-negative Staphy- 

lococcus and K. pneumoniae as common neonatal 

sepsis pathogens (7-10). In contrast, E. coli, which 

was the second most common organism in studies by 

Akbarian Rad and Moftian (7, 9), was responsible for 

only 2.3% of neonatal sepsis cases in our study. 

Globally, variability in pathogen prevalence has 

been observed. Research in India (2019) reported 

coagulase-negative Staphylococcus, Staphylococ- 

cus aureus, Acinetobacter, and Klebsiella as leading 

neonatal sepsis agents (11, 12). Similarly, a study in 

Ethiopia (2023) identified Klebsiella species (44%), 

E. coli (21.6%), and coagulase-negative Staphylococ- 
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Table 7. Frequency and percentage of antibiotic resistance to ciprofloxacin in neonatal sepsis in Vali-Asr Hospital from 2016 

to 2021 

 

Month  2016  2017  2018  2019  2020  2021 Total 

 n % n % n % n % n % n %  
1 1 50.0 0 0.0 5 62.5 7 63.6 0 0.0 0 0.0 13 
2 4 66.7 2 50.0 3 27.3 2 40.0 0 0.0 2 100 13 
3 3 42.9 1 16.7 2 25.0 1 50.0 2 18.2 4 50.0 13 
4 4 50.0 2 50.0 5 62.5 3 50.0 2 33.3 8 57.1 24 
5 2 66.7 1 100.0 6 54.5 3 37.5 4 16.7 4 80.0 20 
6 4 66.7 4 50.0 3 37.5 2 33.3 4 33.3 5 62.5 22 
7 0 0.0 3 100.0 4 40.0 3 75.0 3 60.0 0 0.0 13 
8 3 50.0 1 33.3 4 57.1 5 71.5 5 25.0 0 0.0 18 
9 5 71.4 2 50.0 6 66.7 0 0.0 0 0.0 14 60.9 27 
10 5 50.0 3 60.0 4 66.7 4 26.7 3 20.0 2 40.0 21 
11 2 50.0 4 57.1 5 55.6 3 30.0 2 33.3 2 66.7 18 
12 0 0.0 1 16.7 6 75.0 1 16.7 0 0.0 7 100.0 15 
Total 48  33  24  53  34  25  217 

 

 
Table 8. Frequency and percentage of antibiotic resistance to vancomycin in neonatal sepsis in Vali-Asr Hospital from 2016 

to 2021 

 
Month 2016 

n          % 

2017 

n          % 

2018 

n          % 

2019 

n          % 

2020 

n          % 

2021 

n          % 

Total 

 

1 1 50.0 0 0.0 0 0.0 0 0.0 1 100.0 0 0.0 2 
2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
3 1 14.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 
4 1 12.5 1 25.0 0 0.0 0 0.0 0 0.0 7.1 0.0 2 
5 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
6 1 16.7 1 12.5 0 0.0 0 0.0 0 0.0 0 0.0 2 
7 1 100.0 1 33.3 0 0.0 1 25.0 0 0.0 0 0.0 3 
8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
9 0 0.0 1 25.0 0 0.0 1 16.7 0 0.0 1 4.3 3 
10 1 10.0 0 0.0 0 0.0 3 20.0 1 6.7 0 0.0 5 
11 1 25.0 1 14.3 1 11.1 1 10.0 1 16.7 0 0.0 5 
12 1 33.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 
Total 8  5  1  6  3  1  24 

 

cus (15.47%) as primary culprits (13). 

In this study, the most frequently administered 

antibiotics for neonatal sepsis were: gentamicin 

(66.1%), ciprofloxacin, cotrimoxazole, and vancomy- 

cin. In comparison, a 2019 study in India found that 

the most frequently used antibiotics were amikacin 

(86.7%), vancomycin (52.3%), and ampicillin (40.6%) 

(11). 

In the present study, among the five commonly used 

antibiotics, the highest rates of antibiotic resistance 

were observed for erythromycin (89.8%), clindamy- 

cin (86.0%), gentamicin (66.1%), and ciprofloxacin 

(63.6%). In contrast, the lowest resistance rate was 

found for vancomycin (11.2%). It is noted that gen- 

tamicin was administered based on an empirical 

regimen, while vancomycin was prescribed after re- 

ceiving the antibiogram results. The resistance rate 

for gentamicin was significantly higher than that for 

vancomycin (66.1% compared to 11.2%). 

In the study by Moftian et al. (2023), the highest 

resistance observed in K. pneumoniae was 80.6% for 

cefixime (7) In contrast, research conducted by Saei- 
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Fig. 2. The percentage of bacterial resistance to erythromycin in patients with neonatal sepsis admitted to Vali-Asr Hospital 

2016-2021 

 

 

Fig. 3. The percentage of bacterial resistance to clindamycin in patients with neonatal sepsis admitted to Vali-Asr Hospital 

2016-2021 
 

 

 
 

Fig. 4. The percentage of bacterial resistance to gentamicin in patients with neonatal sepsis admitted to Vali-Asr Hospital 

2016-2021 
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Fig. 5. The percentage of bacterial resistance to ciprofloxacin in patients with neonatal sepsis admitted to Vali-Asr Hospital 

2016-2021 

 

 
 

Fig. 6. The percentage of bacterial resistance to vancomycin in patients with neonatal sepsis admitted to Vali-Asr Hospital 

2016-2021 

 
di et al. (2023) in Tabriz revealed nearly 100% an- 

tibiotic resistance to ampicillin and gentamicin(10). 

Additionally, Rashmi's retrospective study indicated 

that gram-positive exhibited the least resistance to 

vancomycin and linezolid (11). 

The findings suggest regional variations in antibiot- 

ic sensitivity among pathogens causing neonatal sep- 

sis, likely due to differences in prescribing patterns 

and adherence to antimicrobial guidelines. These 

factors influence drug resistance development, rein- 

forcing the need for localized antibiograms to guide 

treatment strategies. 

In our study, 71.7% of cases presented with EOS, 

while 28.3% exhibited LOS. Similar trends have 

been reported in Iran, where Afshar Paiman et al. 

(2012) found the incidence of EOS to be nearly twice 

that of LOS(14). Rashmi et al. (2019) reported EOS 

in 58.1% of cases and LOS in 41.9%, suggesting that 

perinatal factors play a larger role in neonatal sepsis 

than post-delivery environmental exposure (11). 

The mortality rate in this study was 14.1%, align- 

ing closely with Rashmi et al. (13.5%) (14), but lower 

than Afshar Paiman et al.'s findings (27.4%) (11). A 

meta-analysis by Fleischmann et al. (2021) estimat- 

ed a global neonatal sepsis mortality rate of 17.6% 

(2,824 deaths per 100,000 births) (2). 
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Neonatal sepsis symptoms. Neonatal sepsis of- 

ten presents with non-specific symptoms, including 

fever, hypothermia, respiratory distress, feeding 

difficulties, hypotonia, seizures, and abdominal dis- 

tension (15, 16). In the current study, the reported 

symptoms included: respiratory distress (58.3%), 

bleeding (39%), apnea (12.7%), pneumonia (11.3%), 

tachypnea (17.8%), and cyanosis (5.7%). Hypotonia 

was observed in 0.6% of cases, decreased reflexes in 

5.7%, lethargy in 2.7%, and fever in 2.9%. 

A study in China (2022) by You et al. found a sig- 

nificant association between respiratory distress and 

sepsis, highlighting the impact of hypoxia and acido- 

sis during fetal life (17). 

The study also identified notable trends in antibiotic 

resistance related to neonatal sepsis from 2016 to 2021. 

Vancomycin and rifampin showed a decreasing trend 

in resistance, while erythromycin, piperacillin, and 

cefoxitin exhibited an increasing trend. Other antibi- 

otics did not show significant changes in resistance. 

Afshar Paiman et al. (2012) observed a gradual de- 

cline in sensitivity to imipenem and gentamicin in 

Iran from 2003 to 2006, demonstrating evolving re- 

sistance patterns (14). Similarly, Karimi et al. (2019) 

documented changing antibiotic resistance trends in 

India (18). 

Antibiotic resistance fluctuates based on prescrib- 

ing frequency, particularly when empirical regimens 

are used indiscriminately. Increased antibiotic use 

correlates with higher resistance levels, whereas re- 

duced consumption in a population may lead to lower 

resistance among microorganisms (18). In Iran, stud- 

ies indicate rising antibiotic consumption rates, em- 

phasizing the urgent need for stricter antibiotic con- 

trol policies. Neonatal sepsis poses unique diagnostic 

challenges, often leading to excessive antibiotic use, 

which further drives antimicrobial resistance (18). 

 
Study limitations. One notable limitation in this 

study was the lack of detailed resistance classifica- 

tion for certain bacterial isolates. Due to data con- 

straints, we were unable to categorize resistance 

patterns into subtypes such as methicillin-resistant 

vs. methicillin-sensitive Staphylococcus epidermidis 

(MRSE/MSSE) or extended-spectrum β-lactamase 

(ESBL)-producing Klebsiella pneumoniae. This lim- 

itation may impact clinical applicability; as precise 

resistance profiling is crucial for targeted antimicro- 

bial therapy. Future research should incorporate more 

detailed resistance characterizations to enhance the 

clinical relevance of resistance pattern analyses. 
 

 
 
CONCLUSION 

 
The findings of this study highlight the high prev- 

alence of EOS and significant antibiotic resistance, 

particularly to erythromycin, clindamycin, gentami- 

cin, and ciprofloxacin. However, the relatively low 

resistance to vancomycin suggests that it remains 

an  effective treatment  option  for  neonatal  sepsis. 

This study emphasizes the critical need for continu- 

ous monitoring of antibiotic resistance patterns and 

the implementation of targeted antibiotic steward- 

ship programs to address the growing challenge of 

drug-resistant infections in neonates. Furthermore, 

the  observed  significant associations  between  an- 

tibiotic  resistance  and  specific clinical  conditions 

highlight the importance of individualized treatment 

strategies to improve clinical outcomes. 

The declining antibiotic resistance trend in 2021 

may reflect changes in prescribing practices and in- 

fection control measures, reinforcing the need for 

adaptive healthcare strategies. These findings pro- 

vide valuable insights for healthcare providers and 

policymakers, informing efforts to reduce the bur- 

den of neonatal sepsis and enhance care quality in 

NICUs. 
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