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Abstract: The world has changed forever as a result of the COVID-19 pandemic. An-
timicrobial resistance is a primary global health concern that places a significant financial
and health burden on nations. Patients with Campylobacter-caused infections were the
subject of the retrospective investigation. The data show that children aged 1–6 are the
most commonly affected by Campylobacter enteritis. Resistance levels fluctuated over
the course of the two periods. Nine isolates were sensitive to macrolides, and only one
was responsive to tetracycline, which indicated inadequate sensitivity across all classes
throughout the pandemic. This pattern raises serious concerns about the potential impact
on public health. Tetracyclines and fluoroquinolones rank highest in terms of bacterial
resistance. Regardless of the species, macrolides remain a practical and sufficient treatment
for Campylobacter enteritis. Reassurance is still provided by much lower numbers in the
post-pandemic period. There is no evidence to support the alarming claims made in the
international literature about macrolides in Romania.
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1. Introduction
The COVID-19 epidemic has irrevocably altered the globe. Medical practice has been

profoundly impacted, particularly in pediatrics. Due to the change in global antibiotic
usage recommendations, a reassessment of recognized infections in modern frameworks
has become necessary. Antimicrobial resistance is an important health issue that costs
nations money and causes significant health impacts. The development of antimicrobial
resistance is linked to increased antibiotic use. We highlight the consequences of antibiotic
use, particularly with regard to increasingly common microorganisms like Campylobacter.
It is an important issue that requires immediate attention and action.

11 May 2023 marks the end of the COVID-19 epidemic. It represents a significant point
of human, medical, and scientific demarcation. Being understood as a point of rebirth,
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knowing the impact of antibiotic therapy in medical activity becomes an essential element
of analysis [1].

Alignment with the standards of the European community entails the need to regulate
the consumption of antibiotics. Romania is among the most affected countries, with over
3% of its population using antibiotics daily [2]. According to the most recent data from
2021, Romania is the EU member with the highest consumption of systemic antibacterials
in the hospital and community sectors [3]. Infection with Campylobacter has become
one of the most prevalent diseases in children, regardless of their financial situation [4–7].
C. jejuni is the most incriminated species in triggering episodes of gastroenteritis. There are
documented cases of recurring or chronic infections with these bacteria, highlighting the
need for immediate action [7].

In 2023, the number of cases of Campylobacter intestinal infection in Romania rose
by 2.8 compared to the pandemic years (2020–2022). Greece, Poland, Bulgaria, and Roma-
nia had the lowest rates during the pre-pandemic years (2018–2019), whereas the Czech
Republic and Luxembourg had the highest cases [8,9].

Figure 1 Reported prevalence of campylobacteriosis worldwide.
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Certain species of Campylobacter can travel corkscrew-like because they have flagel-
lums on one or both ends of their bodies [7,10]. Campylobacter jejuni is the primary cause
of human campylobacteriosis cases, typically manifesting as gastroenteritis. Clinical man-
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ifestations vary from diarrhea, fever, and abdominal pain to intractable vomiting and a
permanent feeling of nausea. The illness may last for several weeks, with median infection
lengths ranging from 7 to 31 days; however, a significant proportion of infections persists
for more than a month [7,11–13]. While the health effects of acute campylobacteriosis are
extensively established, the significance of persistent or recurring Campylobacter infection
remains barely comprehended. International data show the detrimental effects of intestinal
infections caused by Campylobacter. Due to inflammatory intestinal syndromes caused by
this bacteria, developmental disorders occur in children living in resource-poor areas of the
world, which also results in decreased weight gain and impaired linear growth [7,13].

2. Results
In adults, its prevalence is modest according to international data [14]. Thus, we

decided to focus on studying the impact of campylobacter infection in children. According
to the specific parameters, enterocolitis was identified in over 875 pediatric patients. Only
154 children satisfied the inclusion requirements after using the acceptability templates
from the examined batch. The database encompasses one hundred and fifty-four patients
diagnosed with Campylobacter-caused acute enterocolitis between 2018 and 2024. This
substantial sample size was key to ensuring the findings’ validity and underscored the
research’s importance.

One of the most important steps in comprehending the information supplied by the
group being analyzed was the exploration of the sociodemographic data. These data are
instrumental in understanding the transmission path and implementing new preventative
strategies. The foundation of all efforts to curb the rise in fatalities from preventable
diseases, primarily caused by bacterial resistance, lies in the collective responsibility to use
antibiotics judiciously.

Gastroenteritis, caused by infections with Campylobacter species, typically presents
as diarrhea that may or may not be bloody, stomach pain, and emesis. A Campylobacter
infection can resemble intussusception, appendicitis, or inflammatory bowel disease in
children. Furthermore, 82% had a temperature higher than 39.8 degrees Celsius and 18%
had a fever below 39.0 degrees Celsius. Every patient had a fever prior to or at admission,
with a median duration of three to five days. Moreover, 73.5% of the patients tested
positive for stool occult blood, while 28.5% of the patients complained of bloody diarrhea
at admission. According to the preliminary lab results, 28.5% and 61.1% of patients had
elevated WBC counts > 20,000/mm3 and CRP levels ≥ 10 mg/dL. Vomiting and emesis
were present in more than 59.86%. Diarrhea stools (more than 8/day) were the most
common manifestation (95.8%).

According to the data, Campylobacter enteritis predominantly affects children
aged 1–6, with an average age of 3.3 and a deviation of 2.08 years. The group that met
the study’s acceptability conditions varied between 1 and 16 years. Given the median
age of two, it is likely that half of the patients were younger than two, highlighting the
population’s diversity.(Table 1)

Table 1. Distribution according to age, sex, and territorial belonging.

2018 2019 2023 2024 p Value

Age group

Remittance Remittance Remittance Remittance -

1–6 years 3.21 2.15 1.78 1.89 <0.001

7–12 years 1.89 2.55 1. 42 1.24

13–16 years 1.21 1.45 0.89 0.75
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Table 1. Cont.

2018 2019 2023 2024 p Value

Sex distribution

Remittance Remittance Remittance Remittance -

Boys 0.83 0.61 0.15 0.33 <0.001

Girls 0.81 0.85 0.24 0.35

Territorial distribution

Remittance Remittance Remittance Remittance -

Urban 1.89 1.75 0.88 0.75

Rural 2.36 2.22 0.98 0.92

The territorial and gender distribution respects the data reviewed in 2020 applicable to Dobrogea—Constanta
region. ANOVA test was performed when the number of categories exceeded two; ANOVA—Analysis of variance
per 100,000 cases.

The difference in Campylobacter enteritis prevalence between urban and rural areas
has been closing since 2020, marking a significant shift in the disease’s prevalence. Romania
belongs to the group of nations with low to moderate levels of economic development.
The number of patients admitted to the study falls into the rural area category due to
limited accessibility to healthcare services and inadequate adherence to food and personal
hygiene regulations. Bacterial enteritis has been prevalent in urban areas. The rural
environment has always stood out with a higher number of enterocolitis cases, including
cases of Campylobacter gastroenteritis. This pattern could also be observed in the pre- and
post-COVID-19 periods.

The distribution was balanced by gender, with 51.3% of the population being girls
(n = 79) and 48.7% being boys (n = 75). Regarding origin, 49% of the patients were from
rural areas and 51% were from metropolitan areas. Crucially, there were no appreciable
differences across the groups, boosting confidence in the validity of the results. The
distribution of gender and environment of origin was approximately equal.

Of the 154 patients examined, 127 (82.5%) needed to be admitted to the hospital, while
27 (17.5%) received outpatient care. The length of hospitalization for those who needed it
ranged from 1 to 11 days, with an average of 4.4 days and a median of 4 days. The standard
deviation, which was 1.8 days, shows a moderate degree of variability across instances.

Out of every case that was taken into consideration, only 27 (17.53%) indicated a
potential path of transmission. This underscores the potential for further research in this
area. Moreover, 35% reported a recent travel history and 55.8% reported consuming water
from unknown sources.

Three days is the median (interquartile range) amount of time that passed between the
start of symptoms and the first visit to the doctor, although it may be longer than 5 days.

The database includes 154 patients with acute enterocolitis brought on by Campy-
lobacter between 2018 and 2024. The distribution of cases by year showed a significant
increase in the first years of the study (2018: 38 cases; 2019: 56 cases). The aggressiveness of
cases of Campylobacter infections is proven by the recrudescence of cases in the immediate
post-pandemic period (2023: 35 cases; 2024: 25 cases).

To observe the trend of these infections, the cases were divided into two analysis
intervals, all directly dependent on the period of the COVID-19 pandemic. Division I
concerned the pre-pandemic period (2018–2019, n = 94; 61%), while the second division
represented the post-pandemic period (between 2023 and 2024, n = 60; 38.9%). This
temporal division aims to build a clear picture of the years of analysis with particular
socio-demographic and financial implications. The pandemic period was strictly focused
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on the prevention, early diagnosis, and treatment of infection with the coronavirus, with
the rest of the pathologies remaining in the shadows.

The analysis of the distribution of Campylobacter species (C. coli n = 17; C. jejuni n = 46;
C. spp. n = 91) highlighted significant differences between the pre-pandemic and post-
pandemic periods (Table 2).

Table 2. Distribution of Campylobacter species according to the pandemic period.

Campylobacter Strains Pre-Pandemic
n = 94

Post-Pandemic
n = 60

Total
n = 154

Campylobacter coli 0 (0%) 17 (28.3%) 17 (11%)

Campylobacter jejuni 7 (7.4%) 39 (41.4%) 46 (30%)

Campylobacter spp. 87 (92.5%) 4 (12%) 91 (59%)

In the pre-pandemic period (2018–2019), Campylobacter spp. was responsible for 92.5%
of cases (n = 87), while Campylobacter jejuni was present in a small number (n = 7, 7.4%).
Campylobacter coli was not detected during this period (Figure 2).
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In the post-pandemic period (2023–2024), species distribution changed significantly.
Campylobacter jejuni increased in 41.4% of cases (n = 39) and Campylobacter coli showed a
significant increase, representing 28.3% of cases (n = 17) (Figure 2).

A statistically significant variation in species distribution between the two periods
was confirmed by the Chi-square tests (x2 = 11,514, p < 0.001), suggesting important
changes over time. Specifically, Campylobacter jejuni exhibited a higher prevalence in the
post-pandemic period compared to the pre-pandemic period. Campylobacter spp. showed
elevated levels during the pre-pandemic period in contrast to the post-pandemic interval.
These findings highlight notable shifts in species distribution across the two analyzed time
frames (Table 3).
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Table 3. Chi-square test.

Chi-Square Tests
Value df Asymptotic Significance (2-Sided)

Pearson Chi-Square 115,142 a 2 <0.001

Likelihood Ratio 136,770 2 <0.001

Linear-by-Linear Association 101,909 1 <0.001

n of Valid Cases 153
a 0 cells (0.0%) have expected counts of less than 5. The minimum expected count is 6.67.

During the trial, macrolides showed effectiveness against campylobacteriosis, and
no resistant bacteria were found. Moreover, 152 (98.7%) of the 154 isolates, which are
individual bacterial cells or colonies that have been separated from a sample, were found to
be responsive. Since all of the isolates in this class of antibiotics were sensitive and showed
no fluctuation, the Chi-square test was applicable; the value indicated no statistically
significant link.

During the 2018–2019 pre-pandemic phase, all 87 isolates exhibited sensitivity. The
sensitivity showed no signs of fluctuation over the post-pandemic years (2023–2024),
providing a stable and consistent set of results.

There were notable differences in tetracycline resistance between the periods analyzed.
The Chi-square test, a statistical method used to determine whether there is a significant
association between two variables, correlated the resistance and study periods (χ2 = 0.28,
p = 0.596). Of the 138 isolates tested, 43 (31.2%) were susceptible and 95 (68.8%) were
resistant. Minor variations were observed in the association between analyzed periods and
sensitivity to tetracyclines; however, these were not statistically significant (p = 0.596).

Fluctuating levels of resistance were recorded during the two periods. In the pre-
pandemic period (2018–2019), a significant percentage of isolates were resistant (58), and
29 were susceptible. In the post-pandemic period (2023–2024), resistance decreased slightly,
with 37 resistant isolates and 14 susceptible isolates.

The Chi-square test (Cramer’s V = 0.045) revealed a very weak correlation between
periods and tetracycline resistance. This finding suggests that factors outside the analyzed
periods, such as the use of antibiotics in human or veterinary medicine, may significantly
influence the evolution of resistance, requiring further investigation.

During the research, only 10.3% of the isolates were susceptible to fluoroquinolones,
indicating a high incidence of resistance (89.7%). What is more concerning is that this resis-
tance persisted across different periods, and the statistical analysis showed no significant
differences. In the pre-pandemic period (2018–2019), 10.3% of isolates were sensitive (n = 9)
and 89.7% (n = 78) were resistant. In the post-pandemic period (2023–2024), resistance
remained at a similar level, with 89.7% (n = 52) of isolates being resistant and only 10.3%
(n = 6) being sensitive. (Table 4)

Table 4. Distribution according to antibiotic usage before, during, and after pandemic.

Antibiotics Period Resistance (n) Sensible (n) Total (n)

Macrolide Pre-pandemic 0 93 93

Post-pandemic 0 59 59

Tetracyclines Pre-pandemic 60 30 90

Post-pandemic 35 13 48

Fluoroquinolones Pre-pandemic 79 9 88

Post-pandemic 51 6 57
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The Kruskal–Wallis test (H = 3.63, p = 0.604 for tetracyclines; H = 6.07, p = 0.299 for
fluoroquinolones) did not indicate a significant variation in the prevalence and antibiotic
sensitivity of Campylobacter species between pre-pandemic and post-pandemic periods.
The statistical evidence presented previously only strengthens antibiotic therapy’s effec-
tiveness as an elective treatment for this kind of illness. The pre-pandemic period exhibited
the highest sensitivity, with a preponderance of macrolide sensitivity (87/87 sensitive
strains), followed by the post-pandemic phase (65/65 sensitive strains). All classes had
poor sensitivity after the pandemic, with only six strains responsive to fluoroquinolones
and fourteen strains sensitive to tetracyclines.

Campylobacter coli, which showed complete susceptibility to macrolides (16/16 strains),
provides a reassuring indication of the effectiveness of this antibiotic. This species also had
a higher prevalence (28.3%) in the post-pandemic era (2023–2024).

Predominant in the post-pandemic era, Campylobacter jejuni exhibited full sensitivity
to macrolides (39/39 strains) but also showed a concerning high resistance to tetracyclines
(26/30 strains), highlighting the urgent need for alternative treatments.

The pre-pandemic prevalence of Campylobacter spp. was 94.3% (n = 87); in the post-
pandemic era, the prevalence significantly dropped to 6.7% (n = 8), indicating a potential
positive impact of the pandemic on infectious diseases. The bacteria also exhibited high
sensitivity to macrolides in both periods (87/87 strains pre-pandemic and 6/6 strains
post-pandemic).

Susceptibility data for fluoroquinolones were not available for Campylobacter spp.
or Campylobacter coli. However, a distinct trend was observed for Campylobacter jejuni,
where the post-pandemic period showed a higher proportion of fluoroquinolone-sensitive
cases compared to the pre-pandemic period. These findings may reflect shifts in antibiotic
usage patterns or evolving resistance mechanisms influenced by pandemic-related factors
(Table 5).

Table 5. Resistance profile to antimicrobial agents of Campylobacter spp., jejuni, and Campylobacter coli strains.

Sensitivity p

Campylobacter spp. Campylobacter jejuni Campylobacter
coli

Macrolides Pre-pandemic: 87
Post-pandemic: 4

Pre-pandemic: 6
Post-pandemic: 39

Pre-pandemic: 0
Post-pandemic:

16
0.002

Fluoroquinolones Pre-pandemic: 8
Post-pandemic: 0

Pre-pandemic: 1
Post-pandemic: 2

Pre-pandemic: 0
Post-pandemic: 2 <0.001

Tetracyclines Pre-pandemic: 29
Post-pandemic: 1

Pre-pandemic: 1
Post-pandemic:

8

Pre-pandemic: 0
Post-pandemic: 3 <0.001

Fluoroquinolone resistance was significantly higher in Campylobacter spp. during the
pre-pandemic period (76/80 cases) compared to the post-pandemic period (4/80 cases).
This marked decrease in resistance in the post-pandemic era could reflect shifts in an-
timicrobial usage policies, changes in healthcare practices, or other factors influenced by
pandemic-related interventions (Table 6).
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Table 6. Chi-Square test for fluoroquinolone.

Chi-Square Tests
Sensitivity to Fluoroquinolone Value df Asymptotic Significance (2-Sided)

Sensitivity

Pearson Chi-Square 9870 b 2 0.007

Likelihood Ratio 12,229 2 0.002

Linear-by-Linear Association 8865 1 0.003

n of Valid Cases 13

Intermediar
Pearson Chi-Square .c

n of Valid Cases 2

Rezistent

Pearson Chi-Square 102,497 d 2 <0.001

Likelihood Ratio 121,554 2 <0.001

Linear-by-Linear Association 88,630 1 <0.001

n of Valid Cases 130

Total

Pearson Chi-Square 113,906 a 2 <0.001

Likelihood Ratio 135,783 2 <0.001

Linear-by-Linear Association 99,195 1 <0.001

n of Valid Cases 145
a. Zero cells (0.0%) have expected counts less than 5. The minimum expected count is 6.68. b. Five cells (83.3%)
have expected counts less than 5. The minimum expected count is 0.62. c. No statistics are computed because Tip
Campylobacter and pandemic periods are constants. d. Zero cells (0.0%) have expected counts less than 5. The
minimum expected count is 5, 10.

These findings demonstrate how bacterial sensitivity varies significantly for other
antibiotics, particularly tetracyclines, yet remains consistently high for macrolides
throughout time.

3. Materials and Methods
This study, conducted retrospectively at the Constanta Infectious Diseases Hospital,

Romania between January 2018 and August 2024, focused on patients diagnosed with
infections caused by Campylobacter bacteria. The study concentrated on identifying
Campylobacter-caused enterocolitis and the impact of antibiotic treatment on resistance
levels. These diagnoses were confirmed using the gold standard of microbiological cultures
from stool samples. The analysis was based on a batch of 154 samples of fecal stool
samples matter examined between 2018 and 2024. Following the parents’ or caregivers’
signed approval, a pre-structured questionnaire was used to gather sociodemographic,
environmental, behavioral, and clinical data with the assistance of qualified doctors.

Testing for antimicrobial susceptibility: Strains of Campylobacter were identified on
agar plates. In accordance with the European Committee for Antimicrobials’ protocol, the
Kirby–Bauer disc diffusion method was used to test for antimicrobial susceptibility to tetra-
cycline, fluoroquinolones (ciprofloxacin), and macrolides (erythromycin and azithromycin).

In accordance with the EUCAST guidelines, the diffusometric technique was used
to screen the isolates of Campylobacter jejuni and Campylobacter coli for antibiotic sensi-
tivity. The inhibitory zone was measured in millimeters (mm), and antibiograms were
conducted for ciprofloxacin, macrolides, and tetracycline. The results were interpreted
based on the particular standards for every antibiotic and species: Erythromycin: C. jejuni:
sensitivity ≥ 20 mm, resistance < 20 mm, C. coli: sensitivity ≥ 24 mm, resistance < 24 mm,
Tetracycline: sensitivity ≥ 24 mm, resistance < 30 mm, Ciprofloxacin: sensitivity:
diameter > 50 mm, resistance < 26 mm.
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Analysis of Statistics

Microsoft Excel created a database that helped consolidate the gathered data. Demo-
graphic information, sex, time frame, and Campylobacter type (Coli, Jejuni, Spp.) were
all included. SPSS, a potent tool for data processing and statistical analysis, was used to
conduct statistical analyses.

4. Discussion
This study examined campylobacteriosis laboratory monitoring data from January

2019 to October 2024 in Romania. The results provide insight into several important facets
of this illness, such as multifactorial resistance patterns, sources, demographic trends, and
notification rates. Due to the significant impact on public health and the potential for
treatment ineffectiveness, the problem of antibiotic resistance in Campylobacter species is
quickly growing in importance. The most effective treatments for Campylobacter infections,
tetracyclines, and macrolide antibiotics are now dealing with rising macrolide resistance,
which could have major consequences if ignored, which highlights the urgent need for
coordinated efforts to reduce the emergence and spread of resistant strains [15–17].

Until the pandemic, the number of gastroenteritis cases stayed constant in Romania.
However, the number sharply decreased after restricting measures were imposed. Examin-
ing the COVID-19 phenomenon alongside intestinal pathology highlights the sharp decline
in instances [14,18,19]. To put it another way, practices like hand cleanliness and social
distancing can lessen both direct transmission between people and transmission across
contaminated surfaces. This will impact how the gastroenteritis-causing agent spreads.
Halichidis et al. and Cambrea et al. also stressed the role that foodborne pathogens play
in the spread of the bacteria that cause gastroenteritis episodes. The information is also
applicable to the ongoing research [20,21].

Typically, a Campylobacter infection leads to a mild, self-limiting enteritis that necessi-
tates supportive care. The early application of treatment measures such as probiotics, oral
or intravenous rehydration, and antimotility medications are key elements in reducing the
disease episode [21–24].

A foodborne bacterium, campylobacter, is mainly found in raw poultry products [13,24].
Furthermore, 75.3% of chicken consumption cases were attributed to cooking at home,
23.5% to take-out food, and 16.1% to restaurant eating. These findings suggest that the
percentage of delivery consumption was higher. The imposition of isolation measures has
determined a vertiginous increase in the consumption of food already prepared through
take-out services. The imposition of isolation rules led to a drastic decrease in the number
of gastroenteritis cases and poor compliance with hygiene rules. In other words, foods
or ingredients with hazy hygienic standards or unclear expiration dates may be used as
more individuals order food for delivery. Additionally, because of the nature of food
delivery, customers cannot directly inspect the company’s cooking methods and hygiene
status [14,25–27].

Gastroenteritis, the most prevalent disease caused by C. spp., jejuni, and C. coli,
presents with severe symptoms in children, including fever, vomiting, diarrhea, and ab-
dominal pain. The study emphasizes how urgent this problem is. At least half of the
afflicted youngsters have bloody stools, and the illness can cause severe dehydration [28].
Infection with Campylobacter has been associated with serious complications such as
encephalopathy, seizures, and meningismus, often accompanied by high fevers. These
findings, extrapolated from the international literature, underscore the severity of the
situation [29,30]. Bacteremia, although rare, is a serious concern, particularly in immuno-
compromised individuals [30].
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Wi et al. reported clinical manifestations that align with those observed in the present
study [31]. Fever and hematochezia are prominent features of the clinical presentation.
Shane et al. highlighted the importance of comprehensive bacterial screening in diagnosing
enteritis cases, particularly those characterized by bloody stools. This screening should
encompass Salmonella, Yersinia, Shigella, Clostridium difficile, Escherichia coli, especially
Shiga toxin (STEC), and Campylobacter. The predominant clinical manifestations of these
bacteria include fever, bloody stools, and dehydration [32].

Additionally, a Campylobacter infection can resemble other gastrointestinal disorders.
Infants with only bloody stools and vomiting without fever may have intussusception
mistaken for Campylobacter enteritis. In older children, acute Campylobacter ileocolitis
might resemble appendicitis by causing severe lower-right-quadrant discomfort without
diarrhea [33]. The infection often progresses from the small bowel distally, while patients
with severe Campylobacter enteritis may have colitis and bloody diarrhea, which can
be confused with inflammatory bowel disease [22,34]. To rule out other intra-abdominal
processes, like intussusception, imaging can be useful. Histologic analysis should make it
simpler to differentiate between the chronic inflammatory changes and the acute inflamma-
tory changes of a Campylobacter infection, which are marked by neutrophil infiltration and
mucosal destruction. Furthermore, it has been suggested that a Campylobacter infection
may play a role in the onset of inflammatory bowel disease [22,35].

Fever and gastrointestinal symptoms need cautious anamnesis. As was already estab-
lished, these symptoms can conceal surgical diseases, particularly in females. Cambrea et al.
highlighted the diverse etiology of fever in Romania. For instance, Mediterranean spotted
fever has an endemic evolution in our territory, and its primary symptoms in youngsters
can be gastrointestinal [36].

According to the research, preschoolers between the ages of one and six are the age
group most affected by Campylobacter enteritis. This research emphasizes the necessity
for the global health community to take a cooperative approach. Research throughout
the world, including from Australia, supports these findings, demonstrating that children
under five are the most impacted group [37]. Other research has shown a bimodal age
distribution, with children under 5 and individuals between 15 and 45 being the most
affected [14,37,38]. Furthermore, while the overall frequency of bacterial enteritis is de-
creasing, the prevalence of Campylobacter enteritis is on the rise across all age groups.
This underscores the importance of disease management and proper hygiene, particularly
in children under five, who are experiencing the highest rate of increase. The changing
disease epidemiology is believed to be the driving force behind this trend [14,38,39].

These reports reveal a striking gender disparity in Campylobacter enteritis, with girls
being more susceptible than boys. These findings challenge the established data published
by Green et al. and Cho et al., sparking a new avenue of research and discussion [14,40,41].

The prevalence of Campylobacter enteritis in rural areas, as the data suggest, is higher
than in urban areas. This complexity in the demographic data contradicts the findings of
other international research, which indicate a higher prevalence in urban environments.
Understanding the disease is further intellectually stimulated by the interaction of variables
like climate and availability of healthcare [42–45].

According to many other surveys [46], hospital visits for mild illnesses have dramat-
ically declined since COVID-19. Nonetheless, both the average length of stay and the
number of bacterial enteritis patients have been increasing. These events are linked to
reports of increasing antibiotic-resistant bacterial enteritis [47]. Every year, the average
length of time for Campylobacter enteritis increases. The change in focus to other patholo-
gies, once the pandemic was over, led to an increase in cases of bacterial resistance to
antibiotics and an increase in the hospitalization period. It leads to increased costs in terms



Antibiotics 2025, 14, 170 11 of 16

of hospitalization and treatment [48]. All of these factors constitute an alarm signal in the
application of new prevention and treatment strategies. As seen in this study, the pediatric
population has a more extended period of hospitalization, mainly girls and adolescents.

The analysis of Campylobacter strains in parallel with the effectiveness of antibiotic
therapy highlights increased effectiveness among macrolides but with progressively increas-
ing resistance in the case of fluoroquinolones and tetracyclines. The increase in resistance to
antibiotics of strains of Campylobacter spp. determines the most urgent problem [8]. Antibi-
otic resistance in Campylobacter spp. is a growing problem that urgently requires concerted
efforts. The data obtained in this study highlight that, after analyzing the temporal distribu-
tion of cases from the point of view of antibiotic resistance, there was a higher resistance to
fluoroquinolones and tetracyclines in the pre-pandemic period—the most resistant strain
was Campylobacter spp. The recent increase in ciprofloxacin resistance, a key antibiotic for
treating Campylobacter infections, underscores the severity of the issue [15,16]. According
to international research, resistance to aminoglycosides remains low [49]. Therefore, track-
ing the degree of resistance in circulating isolates is a critical aspect of campylobacteriosis
surveillance. Urgent attention is required for the significant levels of priority antibiotic
resistance, particularly in C. coli, found in Portuguese Campylobacter isolates with multiple
drug resistance patterns [17,50].

As can be seen from the statistical analysis of Campylobacter spp, in the post-pandemic
period, it no longer shows increased resistance, and the number of cases of multi-drug
resistance drops precipitously. However, when we observe the trend of Campylobacter coli
and Campylobacter jejuni, a migration of the pattern is noted. Thus, these two strains show
a marked increase in antibiotic resistance post-pandemic. While C. jejuni and C. species
showed resistance to fluoroquinolones and tetracycline alone, C. coli’s status is comparable
to that of C. jejuni. C. coli had a significant degree of sensitivity to macrolide but a very
high level of resistance to both tetracycline and fluoroquinolones. Multiple drug resistance
was frequently seen in isolates of C. spp. However, it was rare in C. jejuni. The high level
of resistance in C. spp. is a grave concern. Major signs of concern are the situations of
combined antibiotic resistance to fluoroquinolones and macrolides [51].

Throughout the study, none of the analyzed species showed resistance to macrolides.
European reports in the field of animals indicate an increase in cases of Campylobacter jejuni
and Campylobacter coli infections with multi-drug resistance (at least two antibiotics) [43].

The CDC states that tetracycline, fluoroquinolones (ciprofloxacin), and macrolides (ery-
thromycin) are the recommended antimicrobial treatments for Campylobacter species [52,53].
All of the isolated Campylobacter species in this study (100%) were erythromycin-sensitive,
comparable to other studies from Europe and Africa but different from other studies with
different resistance patterns [54]. As a counterpoint, in studies developed in Iran, Hawassa
(55%) and Bahirdar (17.6%) showed resistance to macrolides [55,56]. Abay et al. found that
the Campylobacter species had a resistance of 35.7% to ciprofloxacin, which is less than the
61.7% seen in Iranian investigations [57,58]. Additionally, the tetracycline resistance rate
was 21.4%, roughly equivalent to a study performed in Iran (20.5%) [56,57] but less than in
research from Poland (39.1%) [59], Jimma (39.5%) [60], Gondar (56.8%) [61], and Bahirdar
(22.2%) [62] and 49.18% stronger resistance than the Ugandan study [63]. The European
Food Safety Authority (EFSA) demonstrated in 2021 that ciprofloxacin and erythromycin
resistance rates in C. jejuni isolated from human samples differed significantly among
European nations. Germany displayed more variances, with resistance to ciprofloxacin
ranging from 1.95 to 92.2% and erythromycin ranging from 2.2% to 66.6%. In Slovenia, the
resistance rate was notably high at 14.2% for erythromycin and 86.9% for ciprofloxacin.
Similarly, resistance rates in Romania ranged from 0.1% to a concerning 74.7% [64].
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International studies draw attention to the significant increase in Campylobacter
infection cases associated with increased antibiotic resistance. To confirm the veracity of
the data obtained, we collected reports similar to those obtained in this study (resistance
to fluoroquinolones between 24% and 65%) from international publications on different
continents (UK, South Korea, Israel, and Peru) [65–69].

On the other hand, China (87%) and Japan (90%) bring to the fore the significant in-
crease in the rate of resistance to ciprofloxacin [69–71]. The American Antibiotic Resistance
Monitoring System (NARMS) has been emphasizing since 2015 an increase in resistance
to ciprofloxacin in terms of C. jejuni (25.3%) and C. coli (39.8%) strains. In this study,
macrolides showed 100% efficacy on all analyzed strains. A maximum of 10% was reported
in 2015 for Campylobacter jejuni strains in neighboring regions [66,67]. As a particularity, the
resistance to macrolides of C. jejuni has the lowest resistance rate in the entire southeast
region [65,68]. International studies, even those outside Europe, report a low incidence of
macrolide resistance, as seen in South Korea (0.8%), the UK (2.2%), Thailand (12.5%), China
(21.8%), and India (22.2%) [67–72].

By making a statistical comparison with a study from 2012 developed by Cambrea et al.,
we can say that in the Constanta region, resistance to antibiotics in cases of gastroenteritis
in children maintains a linear trend, with resistance to tetracyclines being noted from that
moment [73].

The use of antibiotics to promote growth in poultry production has been linked to the
increase in fluoroquinolone and macrolide resistance [69,74–76]. However, since there are
no explicit laws governing the amount of antibiotics animals can receive in Romania, this is
merely an assumption rather than a verifiable fact. We can only extrapolate data from other
nations, which strictly regulate these dosages and overlay the incidents reported by the
youngsters. What is becoming true is that poultry breeding is still practiced in households,
and poultry can be sold without a veterinary check in advance.

5. Conclusions
This pattern raises significant warning signs. Resistance to antibiotics, predominantly

fluoroquinolones and tetracyclines, was demonstrated in the present work. Much lower
values in the post-pandemic period still provide reassurance. Although the international
literature raises alarm signals regarding macrolides in Romania, no data support this idea.
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