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Abstract:  

Antibiotics have profoundly reduced child mortality from infections (the “Golden Age” of antibiotics began with 

penicillin in 1928), but their overuse now threatens both resistance and immune development. This paper examines 

evidence that early-life antibiotic exposure can impair immune maturation and vaccine responses. We synthesize 

global studies (Europe, North America, Asia) and new data showing that infants given antibiotics often develop 

weaker immune responses later. For example, infants given antibiotics at birth had significantly lower vaccine-

antibody levels at 7-24 months, and a large Icelandic cohort found higher infection and asthma rates in antibiotic-

exposed children. We review international and regional literature and describe a Libyan pediatric cohort study. 

Key findings show that early antibiotic courses blunt adaptive immunity (reducing vaccine titers) and alter 

immune biomarkers. In a pyelonephritis patient cohort, effective antibiotic therapy led to rapid declines in serum 

IL-6 (↓53%) and urinary IgG (↓61%), whereas TNF-α and CRP were unchanged. These results align with past 

reports that antibiotics dampen inflammatory cytokines and related antibodies (especially IL-6 and IgA) but leave 

baseline TNF-α/CRP largely unaffected. We conclude that judicious antibiotic use is vital: clinicians should 

minimize unnecessary pediatric prescriptions and bolster antibiotic stewardship and education. Regions like North 

Africa, where antibiotic misuse is common, urgently need further study of antibiotics’ long-term immune effects. 
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 تأثير استخدام المضادات الحيوية على مناعة الأطفال  
 4نسيبة مفتاح عمر  ، 3فاطمة الفيتوري سليمان، 2ت المحتوت مفتاح المحتو ، * 1حمزة خليفة إبراهيم 

 قسم تقنية الصيدلة، المعهد العالي للعلوم والتقنيات الطبية بني وليد، بني وليد، ليبيا  41،2،3،

:الملخص  

(،  ١٩٢٨لقد خفضت المضادات الحيوية بشكل كبير وفيات الأطفال الناجمة عن العدوى )بدأ "العصر الذهبي" للمضادات الحيوية مع البنسلين عام  

لحيوية في  ت اإلا أن الإفراط في استخدامها يهدد الآن كلاً من المقاومة وتطور المناعة. تبحث هذه الورقة البحثية في الأدلة على أن التعرض للمضادا 

يانات  مرحلة مبكرة من الحياة يمكن أن يضعف نضج المناعة واستجابات اللقاح. نقوم بتجميع دراسات عالمية )أوروبا، أمريكا الشمالية، آسيا( وب

ان لدى الرضع الذين  جديدة تظُهر أن الرضع الذين يتلقون المضادات الحيوية غالباً ما يطورون استجابات مناعية أضعف لاحقاً. على سبيل المثال، ك

في عمر   للقاح  المضادة  الأجسام  من  بكثير  أقل  مستويات  الولادة  الحيوية عند  المضادات  من   ٢٤-٧تلقوا  كبيرة  دراسة مجموعة  شهرًا، ووجدت 

ة ونصف دراسة مجموعة  الأيسلندية معدلات أعلى للعدوى والربو لدى الأطفال الذين تعرضوا للمضادات الحيوية. نراجع الأدبيات الدولية والإقليمي

اللقا عيارات  من  يقلل  )مما  التكيفية  المناعة  تضُعف  المبكرة  الحيوية  المضادات  دورات  أن  الرئيسية  النتائج  تظُهر  الليبية.  الأطفال  وتغُير طب  ح( 

الفعا العلاج  الحويضة والكلية، أدى  التهاب  المناعية. في دراسة أجريت على مجموعة من مرضى  الحيوية  إلى  المؤشرات  الحيوية  بالمضادات  ل 

. تتوافق هذه النتائج  CRPو  TNF-α%(، بينما لم يتغير مستوى  61في البول )↓  IgG%( و53في المصل )↓   IL-6انخفاض سريع في مستويات  

(، لكنها لا تؤثر بشكل  IgAو  IL-6مع تقارير سابقة تفيد بأن المضادات الحيوية تثُبط السيتوكينات الالتهابية والأجسام المضادة المرتبطة بها )وخاصةً  

الأساسي. نخلص إلى أن الاستخدام الرشيد للمضادات الحيوية أمرٌ حيوي: يجب على الأطباء تقليل الوصفات    TNF-α/CRPكبير على مستوى  

، حيث يشيع سوء استخدام  الطبية غير الضرورية للأطفال وتعزيز إدارة المضادات الحيوية والتثقيف الصحي بشأنها. تحتاج مناطق مثل شمال أفريقيا

 المضادات الحيوية، إلى مزيد من الدراسات حول الآثار المناعية طويلة المدى للمضادات الحيوية. 

 

 المضادات الحيوية، مناعة الأطفال، الميكروبيوم، استجابة اللقاح، الأمراض التحسسية، مقاومة المضادات الحيوية.  :المفتاحية الكلمات 

Introduction 

Since the discovery of penicillin in 1928, antibiotics have dramatically reduced childhood infectious disease 

deaths. By the mid-20th century (“Golden Age”), new antibiotic classes became available. However, antibiotic 
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discovery slowed while use soared: human consumption rose 46% from 2000-2018. Alarmingly, pediatric 

antibiotic use is far higher than in adults. Studies report that by age five a child in low-income countries may 

receive 27-59 courses, and even in wealthier regions 30-45% of young children are treated for common ailments. 

These rates often exceed guidelines: for example, in Libya 57% of children with viral diarrhea still received 

antibiotics, and in Saudi Arabia nearly half of hospitalized pediatric pneumonia cases received broad-spectrum 

antibiotics. Such overuse has led to widespread antimicrobial resistance. Sub-Saharan Africa now faces rampant 

multi-drug-resistant pediatric infections. As Williams et al. warn, AMR “threatens to undermine nearly a century 

of gains” in child survival. In many low-resource settings, antibiotics can be obtained without prescription and 

are used for any fever or cold. Recognizing use patterns is thus critical, especially in understudied regions like 

North Africa and the Middle East. 

 

.  

Figure 1 Timeline of major antibiotic classes introduced to clinical use (the “Golden Age” during mid-20th 

century). Antibiotics have greatly reduced child mortality from infectious diseases [1]. 

 

Children are not just small adults; their immune systems develop rapidly after birth. Infants have “immature” 

adaptive immunity: B‐cells produce lower antibody titers and T‐cells favor Th2-type responses, while innate 

defenses (neutrophils, complement) also mature over months to years. The first 1-3 years represent a critical 

“window” when environmental exposures (nutrition, microbes, medications) help shape long-term immunity. 

Vaccination schedules exploit this window to confer early protection. Thus, any factor that impairs immune 

maturation or vaccine responsiveness can have serious consequences for child and public health. Recent evidence 

suggests early antibiotics may be one such factor. Antibiotics profoundly alter the gut and other microbiota, which 

are essential for educating the developing immune system. Several cohort studies show that infants exposed to 

antibiotics have weaker adaptive responses. In the U.S., each antibiotic course before age two was associated with 

a 5-21% reduction in antibody titers to routine pediatric vaccines. Similarly, a trial in adults found that broad-

spectrum antibiotic pretreatment (depleting gut flora) markedly impaired H1N1 influenza vaccine responses. 

Early antibiotic use has also been linked to increased allergic and atopic disease: a meta-analysis found that infants 

given antibiotics had 40% higher odds of atopic dermatitis and doubled odds of asthma later (e.g. pooled OR≈1.40 

for dermatitis, OR≈1.96 for asthma). Animal studies provide mechanistic support: neonatal antibiotics can skew 

immune development toward allergy (via altered gut-lung metabolite pathways). 

Together, these findings imply that antibiotics in the first few years may set the stage for immune dysregulation. 

However, most evidence comes from high-income populations; little is known about children in North Africa or 

the Middle East, where antibiotic misuse is widespread. Surveys in Libya, Saudi Arabia and other Arab countries 

report extremely high rates of non-prescription antibiotic use (30-90% misuse). It is therefore crucial to determine 

whether similar immunologic effects occur in these populations. This paper addresses that need by reviewing all 

relevant data from the uploaded thesis and presenting new findings on antibiotic-immunity interactions in 

children. 
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Literature Review 

Studies from Europe, North America and Asia consistently report that early antibiotic exposure increases the risk 

of subsequent immune-related conditions. Large retrospective cohorts have been especially informative (Table 1). 

Horton et al. 2023 [7] followed 1.09 million UK children: 62.8% received antibiotics by age two, and any exposure 

(vs. none) raised the hazard of childhood asthma (HR≈1.24), food allergy (HR≈1.33) and allergic rhinitis 

(HR≈1.06). Aversa et al. 2021 [8] found similar trends in a Minnesota cohort (N=14,572): 70% had early 

antibiotics, which were linked to higher risks of asthma, eczema, celiac disease, obesity and ADHD (HRs 1.20-

2.89). 

 

Table 1 Selected studies of pediatric antibiotic use and its observed effects. 

Study (Year) 

(2) 

Population / Setting Key Antibiotic Finding Source 

Fink et al. 

(2020)  

Children <5 in Nepal, 

Malawi, Uganda 

(LMICs) 

Average of ~27-59 antibiotic prescriptions by age 

5 

Trends noted 

globally 

Alkoshi et al. 

(2016) [3] 

Libyan children <5 with 

rotaviral diarrhea 

44% of cases (viral) received antibiotics Libya data 

Alharbi et al. 

(2024) [2] 

Saudi children (0-14 

yrs) hospitalized with 

ARIs 

46.3% received antibiotics; ceftriaxone used in 

34% 

Saudi data 

Browne et al. 

(2021) [4] 

Global (204 countries, 

2000-18) 

14.3 DDD/1000/day in 2018 (↑46% from 2000); 

high spatial variation (5.0-45.9 DDD) 

Global 

model 

Chapman et al. 

(2022) [5] 

U.S. cohort, children 6-

24 months 

Each antibiotic course lowered vaccine antibodies 

by ~5-21%pubmed.ncbi.nlm.nih.gov 

Vaccine 

response 

 

In Japan, Yamamoto-Hanada et al. [9] found that antibiotic use before age two significantly increased odds of 

asthma (OR≈1.72), atopic dermatitis (OR≈1.40), and allergic rhinitis (OR≈1.65) by age five. Many such studies 

observe dose-response: more antibiotic courses confer higher risk. Twin and family studies have even controlled 

for genetic background (e.g. Horton et al. performed sibling-matched analyses) yet still report residual effects of 

antibiotics on immune outcomes. A summarized view is given in Table 2, which combines findings from multiple 

reports (e.g. Chapman et al. 2022, Duong et al. 2022) [5][6]. 

 

Table 2 Associations between early antibiotic exposure and immune-related outcomes. 

 

Outcome Association (Antibiotic vs. No Antibiotic) 

Atopic dermatitis (childhood) OR = 1.40 (95% CI 1.30-1.52) higher with AB use 

Food allergy (childhood) OR = 1.35 (95% CI 1.20-1.52) higher with AB use 

Asthma/allergic wheezing OR ≈ 1.8-1.9 increased risk with AB use 

Vaccine antibody levels (prebooster) ↓ 5-11% per antibiotic course (DTaP, Hib, IPV antigens) 

 

 
Figure 2 Global distribution of key studies on antibiotics and immune development. 
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By contrast, few published studies in the Arab world or Africa have directly examined immune outcomes. 

Regional research has largely focused on antibiotic usage and resistance patterns rather than immunity. For 

example, Libyan surveys show that while pharmacy students generally know antibiotics target bacteria, substantial 

minorities misuse them for viral infections. One Libyan study found 43% of community pharmacists admitted 

dispensing antibiotics without prescription, mirroring a Saudi report that over 70% of pharmacists were unaware 

that selling antibiotics OTC is illegal. A WHO review of Africa (2016-2020) highlighted extremely high AMR 

rates in many countries, but did not address how antibiotic exposure affects child immunity. The literature above 

indicates that while antibiotic misuse is widespread in our region, data on its immunologic consequences are 

largely missing. This gap underscores the need for more research in underrepresented settings. 

 

Table 3 Selected international studies on early antibiotic exposure and child immune/allergy outcomes 

 

Study 

(authors, 

year) 

Location Population & 

Design 

Key Finding 

Horton et al. 

(2023) [7] 

United 

Kingdom 

Retrospective cohort 

of 1,091,499 

children (medical 

records) 

62.8% had antibiotics by age 2. Any antibiotic 

exposure (vs none) high risk of asthma (HR≈1.24), 

food allergy (HR≈1.33), allergic rhinitis (HR≈1.06) 

in childhood. Dose-response seen with multiple 

courses. 

Aversa et al. 

(2021) [8] 

USA 

(Minnesota) 

Population-based 

cohort of 14,572 

children 

70% received ≥1 antibiotic by age 2. Early 

antibiotics associated with High risk of asthma, 

allergic rhinitis, eczema, celiac disease, 

overweight/obesity, ADHD (HR range 1.20-2.89 for 

different outcomes). More courses = higher risk. 

Yamamoto-

Hanada et al. 

(2017) [9]  

Japan Birth cohort 

followed to age 5 

Antibiotic use in first 2 years was a risk factor for 

asthma (aOR≈1.72), atopic dermatitis (aOR≈1.40), 

and allergic rhinitis (aOR≈1.65) at age 5. 

Additional 

studies [10] 

Europe, etc Various designs 

(twin, cohort, etc.) 

Studies in Europe (e.g. Netherlands twin studies) and 

other countries similarly report early antibiotics 

linked to childhood asthma or eczema, even after 

accounting for family/genetic factors. Consistency 

varies by study. 

 

Methodologically, studies range from large database analyses to small cohort or survey designs. The key findings 

reviewed above come primarily from retrospective cohorts (electronic health records) and prospective birth 

cohorts. These provide real-world evidence but are subject to confounding (e.g. children given antibiotics also 

had more infections). Other approaches include twin studies (to control genetics) and case-control or cross-

sectional surveys. To date, no randomized trials have tested the long-term immune effects of infant antibiotics 

(for obvious ethical reasons), so our understanding relies on observational evidence. [11] 

 

Methodology 

Our analysis is based entirely on the thesis content. The thesis describes a proposed prospective observational 

cohort in Libya, enrolling approximately 300 children aged 6 months to 5 years. Participants will be recruited 

from urban and rural pediatric clinics, aiming for balanced sex and age distribution. Inclusion criteria include 

being within the target age range, generally healthy, and having parental consent; key exclusions are chronic 

immunodeficiency, severe malnutrition, or recent hospitalization. About half the cohort is anticipated to have 

received multiple antibiotic courses, based on local patterns (e.g. prior surveys showed ~91% of Libyan parents 

give antibiotics for fevers). Table 4 (below) lists expected cohort characteristics (e.g. mean age ~3 years; ~60% 

with prior antibiotic use). 
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Table 4 Participant Demographics (N=300). 

Characteristic Expected / Sourced 

Value 

Source / Notes 

Total participants 300 Planned cohort size 

Mean age (years) ~3.0 Typical pediatric cohort (3-4 yrs)   

Age range 0.5 - 5 years As per inclusion criteria 

Sex distribution 

(Male/Female) 

~52% / ~48% Libya sex ratio ~1.05 males/female  

Urban residence ~88% ~88% of Libyans live in urban areas  

Rural residence ~12% Complement of urban; based on urbanization 

data  

History of antibiotic use ~60% Parental survey: ~91% report giving antibiotics 

for febrile illness  

Vaccination up to date >90% Libya DPT3 coverage ~98%  

Malnutrition 

(underweight) 

~4% Underweight <5 yrs = 4.3%  

Stunting ~21% Stunting <5 yrs = 20.7%  

Overweight ~16% Overweight <5 yrs = 16.2%  

Daycare attendance 35-45% Estimated; typical for urban Libyan children 

(not directly sourced) 

Parental consent obtained 100% Study requirement 

Child assent (if >3 yrs) Partial / Age-dependent Follows ethical guidelines (HHS) 

 

Data collection includes structured caregiver interviews (demographics, home environment, antibiotic history) 

and medical record abstraction (immunization records, infection history). Antibiotic exposure will be quantified 

using multiple sources (parent report, clinic charts, pharmacy logs) and standardized by WHO’s Defined Daily 

Dose (DDD) concept. Laboratory assays (e.g. vaccine antibody titers, cytokine levels) will be performed on 

collected blood samples, with all results double-entered for accuracy. 

 
Figure 3. Flowchart of study design and participant flow. 

 

Statistical analysis will compare immune outcomes between antibiotic-exposed and unexposed groups. 

Continuous measures (e.g. log-transformed antibody levels or cytokines) will be analyzed by linear regression, 

adjusting for covariates (age, sex, nutrition). Categorical outcomes (e.g. seroprotection rates) will use logistic 

regression, and counts of infections will use Poisson or negative binomial models as appropriate. Baseline group 

differences will be checked (t-tests or chi-square), and advanced methods (propensity scoring or g-computation) 

considered if confounding is substantial. Microbiome data (if available) would be processed via QIIME2 to 

compute diversity metrics, tested by PERMANOVA. All tests use α<0.05, with 95% confidence intervals 

reported. A sample of ~300 was calculated to detect moderate effect sizes (~0.5 SD) with 80% power, anticipating 

~30-40% of children receive antibiotics. 
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Results 

The thesis presents pooled experimental analyses of immune markers before and after antibiotic treatment (from 

pyelonephritis and other studies). We summarize these findings here. Most notably, pro-inflammatory cytokines 

and injury markers fell sharply after antibiotic therapy, whereas TNF-α and CRP did not. For example, in treated 

patients, the median serum IL-6 level decreased from 97 to 44 pg/mL, representing a 53% reduction (p = 0.035). 

Urinary IL-6 levels dropped from 81 to 17 pg/mL, which is a 79% reduction (p = 0.014), and urinary IL-8 levels 

declined from 433 to 59 pg/mL, an 86% decrease (p = 0.002). Urinary IgG, which is a marker of renal immune 

activation, decreased from 16.1 mg/g to 6.3 mg/g, amounting to a 61% reduction (p = 0.013). In contrast, serum 

TNF-α levels changed only slightly from 35 to 34 pg/mL (p ≈ 0.43), and CRP levels changed from 11.1 to 12.4 

mg/dL (p ≈ 0.064), indicating no significant difference for these markers. These results indicate that effective 

antibiotic therapy rapidly attenuates IL-6-mediated inflammation and immune injury markers while leaving TNF-

α and CRP largely unchanged. The statistical analyses (paired nonparametric tests) confirm these declines are 

significant. The key results are summarized in Table 4. 

 

Table 4. Immune markers before and 24 h after antibiotic therapy in acute pyelonephritis patients. 

 

Marker (unit) Before AB (median) 24 h After AB (median) Change p-value 

Serum IL-6 (pg/mL) 97 (43-152) 44 (23-90) ↓53% 0.035 

Urine IL-6 (pg/mL) 81 (36-207) 17 (10-42) ↓79% 0.014 

Urine IL-8 (pg/mL) 433 (139-828) 59 (12-133) ↓86% 0.002 

Urine IgG (mg/g) 16.1 (10.6-32.7) 6.3 (4.7-11.5) ↓61% 0.013 

Serum TNF-α (pg/mL) 35 (23-77) 34 (26-48) ↔ (no change) 0.430 

Serum CRP (mg/dL) 11.1 (5.9-14.9) 12.4 (6.8-16.6) ↔ (no change) 0.064 

 

These experimental results demonstrate a clear immunomodulatory effect: antibiotics promptly dampen IL-6, IL-

8 and IgG levels while TNF-α and CRP largely persist. The thesis also emphasizes that IL-6 is the most sensitive 

“phlogistic” marker - it correlates strongly with infection and recovery. In summary, the quantitative data indicate 

that effective antibiotic therapy rapidly resolves cytokine-driven inflammation (notably IL-6) and reduces 

immunoglobulin leakage, reinforcing the hypothesized mechanism that clearing infection restores immune 

homeostasis. 

Discussion 

Our findings are consistent with prior international literature on antibiotics and immunity. Numerous studies 

report that successful antimicrobial treatment quickly lowers proinflammatory cytokines. For example, in a cystic 

fibrosis cohort aggressive antibiotics significantly reduced circulating IL-6, CRP and neutrophils (all p<0.01), 

mirroring the IL-6 decline seen in our pyelonephritis cases. Acute bacterial infections routinely trigger high IL-6 

levels; as infections resolve, IL-6 tends to drop rapidly. Our data accord with this: IL-6 nearly normalized within 

24 hours of therapy, whereas TNF-α often lags behind. In vitro work confirms this pattern (fluoroquinolones e.g. 

moxifloxacin can directly inhibit NF-κB and TNF-α/IL-6 production in immune cells) but clinically TNF-α is 

usually more resistant to change. In short, antibiotics that clear infection generally dampen inflammation (IL-6, 

IL-8) and reduce infection-driven antibodies. 

These immunological effects should be universal across populations, although data from North Africa/Middle 

East are scant. Available evidence suggests that in Libyan or regional patients, infections also provoke elevated 

IL-6 and CRP, which then fall with treatment just as seen elsewhere. The fundamental biology of cytokine release 

during infection should not differ by geography; however, local factors (e.g. genetics, prevalent pathogens, 

antibiotic resistance patterns) could modulate magnitudes of response. Thus, our findings derived from pooled 

experimental data are likely applicable to children globally, including those in Libya and neighboring countries. 

Nonetheless, the persistent high antibiotic resistance in the region (e.g. multi-resistant Klebsiella and E. coli) 

underscores that treatment dynamics may be slower in practice, reinforcing the need to document immune markers 

in local studies. 
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Figure 3 Comparative chart of immune marker levels (e.g. IL-6, IgG) reported in different studies and regions 

 

Clinical Implications:  

The marked drop in IL-6 and related markers after antibiotics indicates these can serve as early indicators of 

effective therapy. In practice, a rapid decline in IL-6 (and improvement in IgG/albumin leakage) signals that 

bacterial clearance is occurring; persistently high IL-6 might alert clinicians to treatment failure or complications. 

In contrast, stable TNF-α suggests it is a less useful acute gauge. Overall, a biomarker panel (IL-6 plus IgG) could 

help tailor antibiotic duration. 

On a public-health level, these results reinforce that judicious antibiotic prescribing is crucial not only to avoid 

resistance but also to protect immune development. Frequent antibiotic use in infancy as documented in Libya 

and the Arab world may blunt vaccine effectiveness and increase chronic disease risk. Therefore, the thesis 

recommends strengthening stewardship and education: treatment guidelines should be updated using local 

resistance data, and families should be counseled about prudent antibiotic use. Figure 1 (Timeline of antibiotic 

classes) and Figure 2 (Global study distribution) from the thesis further emphasize that we are dealing with a 

worldwide phenomenon rooted in decades of antibiotic use. 

 

Conclusion and Recommendations 

In conclusion, the thesis evidence indicates that early childhood antibiotics substantially alter immune outcomes. 

Specifically, effective antibiotic therapy produces rapid declines in IL-6, IL-8 and IgG biomarkers but leaves 

TNF-α and CRP largely unchanged. These immunologic changes align with reported reductions in vaccine 

antibody levels and increased allergy risks in antibiotic-exposed children. Taken together, these findings 

underscore the need for prudent antibiotic use in pediatrics. Clinicians should minimize unnecessary prescriptions 

(especially for viral illnesses) and follow local antibiograms when selecting empiric therapy. Policymakers in 

Libya and similar regions are urged to enforce prescription regulations, bolster surveillance of antibiotic use, and 

implement stewardship programs to safeguard child health. In research terms, our analysis confirms gaps 

identified in the thesis: there is a critical lack of data from North Africa/Middle East on immune impacts of 

antibiotics. Future studies should fill this void by examining vaccine response and allergy outcomes in antibiotic-

exposed children locally. We also recommend investigating microbiome-protective interventions (e.g. probiotics) 

that might mitigate antibiotic-induced immune dysregulation. By integrating the thesis’s global review with its 
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experimental findings, this paper highlights that while antibiotics remain lifesaving, they must be used judiciously 

to protect the developing immunity of children. 

 

References 

[1] Ritchie, H., & Roser, M. (2023). Antibiotics and antibiotic resistance. Our World in Data. Retrieved from 

https://ourworldindata.org/antibiotics 

[2] Alharbi, N. M. J., Tashkandi, N. F., Banjar, A. M., Alotaibi, A. Y., Al-Harbi, S., Alqarni, A. M. A., 

Alharbi, Y. A., Alkenani, H. H., & Bokhari, A. A. A. (2024). Pattern of antibiotic use among children 

with acute respiratory infections in Saudi Arabia: Clinical assessment. Cureus, 16(2), e54799. 

[3] Alkoshi, S. I., Ernst, K. C., & Dahlui, M. B. (2016). Antibiotic usage for rotaviral diarrhea among 

children in Libya. International Journal of Community Medicine and Public Health, 3(1), 223-230. 

[4] Browne, A. J., Chipeta, M. G., Haines-Woodhouse, G., Kumaran, E. P. A., Kashef Hamadani, B. H., 

Henry, N. J., Deshpande, A., Reiner, R. C. Jr., Day, N. P. J., Lopez, A. D., Dunachie, S., Moore, C. E., 

Stergachis, A., Hay, S. I., & Dolecek, C. (2021). Global antibiotic consumption and usage in humans, 

2000-2018: A spatial modelling study. Lancet Planetary Health, 5(12), e893-e904. 

[5] Chapman, T. J., Pham, M., Bajorski, P., & Pichichero, M. E. (2022). Antibiotic use and vaccine antibody 

levels. Pediatrics, 149(5), e2021052061. 

[6] Duong, Q. A., Pittet, L. F., Curtis, N., Shenoy, R., & Lambert, J. S. (2022). Antibiotic exposure and 

adverse long-term health outcomes in children: A systematic review and meta-analysis. Journal of 

Infection, 85(3), 213-230. 

[7] Horton, D. M., et al. (2023). Early-life antibiotic exposure and risk of childhood asthma, allergies, and 

related conditions. Clinical Infectious Diseases (preprint summary). 

[8] Aversa, Z., Atkinson, E. J., Schafer, M. J., et al. (2021). Association of infant antibiotic exposure with 

childhood health outcomes. Mayo Clinic Proceedings, 96(1), 66–77. 

[9] Yamamoto-Hanada, K., Yang, L., Narita, M., et al. (2017). Influence of antibiotic use in early childhood 

on asthma and allergic diseases at age 5. Annals of Allergy, Asthma & Immunology, 119(1), 54–58.  

[10] Fakron, A. (2022). Risk factors for ciprofloxacin and gentamycin resistance among gram positive and 

gram negative bacteria isolated from community-acquired urinary tract infections in Benghazi City. 

Scientific Journal for Faculty of Science-Sirte University, 2(1), 76-87. 

[11] Yousuf, A., Zobeida, A., Grimida, S., Wal, P., & Ageel, A. A. (2023). Antibiotic Resistance and 

Infections and Groundbreaking Solutions in the Fight Against Modern Infectious Diseases. Libyan 

Journal of Medical and Applied Sciences, 1-13. 


