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Abstract
Background: Antibiotic resistance is an issue whose characteristics are always dynamic, being by definition a crisis in the medical
world. Currently, the studies in the specialized literature confirm the need for comprehensive efforts to minimize the rate of microbial

resistance to antibiotic therapy, by studying the emerging microorganisms and the mechanisms of resistance of antimicrobial agents.
Method: Current research aims to analyzed the distribution of the incidence of Streptococcus pneumoniae detected over a year, focusing on the particular characteristics of this pathogen (sensitivity to antibiotics, but also resistance).

Results: For the patients hospitalized during 2019 in “Sfântul Ioan” Emergency Clinical Hospital for Children in Galati, an average

total number of 230.42 was detected, which is associated with a standard deviation of ± 55.348 strains. The analysis of bivariate
correlations with Pearson index demonstrates by its sig values of <0.05 the existence of statistical significance between the seasonal

predisposition of antibiotic sensitivities of Streptococcus pneumoniae strains, but also the correlations between sensitivity - resistance for this pathogen.

Conclusion: One of the most important current issues in the medical world is the increase in resistance of Streptococcus pneumoniae,

the pathogen being one of the main causes of development of otitis, pneumonia, meningitis and even septic states. The antibiotic
resistance of pneumococcus is increasing worldwide, documented in the case of beta-lactams and macrolides in the first place.
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Background

Streptococcus pneumoniae is a common commensal agent of

the upper respiratory tract, whose colonization can lead to local or
systemic infections [1].

The information in the specialized literature confirms that in

the USA, Streptococcus pneumoniae is the pathogen most often in-

criminated in the appearance of community-acquired pneumonia,
meningitis, but also acute otitis media [2].

The scientific research show that the most commonly used

classes of antibiotics are β-lactams and macrolides. The de novo
resistance to these antibiotics rarely occurs in a sensitive population. This is in contrast to the predictable occurrence of population

subgroups with reduced susceptibility to fluoroquinolones due to
spontaneous point mutations [3,4].
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Materials and Methods
This paper is a retrospective study that was conducted in the

09

values, the median and mode value, the skweness and kurtosis indices. The categorical values were entered in the contingency ta-

clinical laboratory of „Sf. Ioan”, Emergency Clinical Hospital for

bles and the non-parametric chi-square test (χ2) was applied. Thus,

from patients aged 0 - 18 years. The total period of the study was

ponding to the case in which there was no association.

Children in Galati, on a number of 731 strains of Streptococcus

pneumoniae isolated from various pathological products collected
of 1 year, with the separation of the statistical analysis of the variables monitored during the 12 months. The trained medical sta-

ff collected these pathological products under aseptic conditions
with sterile materials and instruments, and their transport was
carried out quickly under biological protection and ensuring the

identity of the samples. For the examination and establishment

of the morphotinctorial features of these strains, Gram stained
smears were used, subsequently seeding on their culture media,

differentiating them according to the type of pathological product
collected (nasopharyngeal secretion, laryngeal-tracheal secretion,
blood and otic secretions). For nasopharyngeal, larynx-tracheal
and otic secretions, the inoculation was performed on blood agar,

then the optochin test was performed identifying the suspicious
alpha-hemolytic cultures. The blood culture technique was prac-

ticed for blood using the BACT/ALERT device. The sown media

were incubated at 37°C for 24 - 48 hours under aerobic conditions.
The identification of the Streptococcus was performed based on

the biochemical characters observed on the special Muller Hinton
environment, and the identification of the species was done with

the help of the automatic bacteriology analyzer Vitek 2 COMPACT.

The determination of the spectrum of sensitivity to antibiotics and
chemotherapeutics was performed using the automated VITEK 2
COMPACT system, the method of minimum inhibitory concentration (MIC).

Statistical methods used in data analysis
The data obtained from the research of the observation sheets

of hospitalized patients during 2019 were entered into the statistical analysis program IBM Statistics V. 24 * SPSS, INC., Chicago, Îl,

USA) and Excel 2019, subsequently being filtered and sorted according to different criteria.

Initially, the gross descriptive statistical parameters were calcu-

lated for all the variables for which this type of calculation approach was considered potentially useful. These include: the mean value, the standard deviation (SD), the minimum and maximum value

for continuous numerical variables, the frequency for categorical

the comparisons between frequencies were made, by comparing
the absolute frequencies recorded to the theoretical ones corres-

In order to calculate the central trend and data dispersion,

descriptive statistics was used, with the 95% confidence interval

(confidence interval, 95% CI), the standard error of the mean, the
minimum and maximum value. For continuous data, simple bivariate correlations were analyzed with the calculation of Pearson’s

correlation coefficient (r - linear correlation coefficient) and the

determination factor (R2). To highlight statistically significant diffe-

rences between groups or subgroups generated in the study group,

the T-student test was used. For each of the existing statistical tests,
a level of statistical significance for values of 0.05 was used, the
value of the p-index at two ends being calculated.

Results

The descriptive analysis of the analyzed batch will start with the

detection of the gross statistical characteristics for each of the vari-

ables whose analysis was possible from this point of view. Thus, the
descriptive statistic analysis highlights a maximum number of 326
strains of pathogens, defined by an average number of 230.42. As

to the distribution of the existing Streptococcus pneumoniae strains
in pediatric wards, an average of 10.75 strains is found, which is
associated with a standard deviation of ± 6.52 strains. The valu-

es of the statistical indices Skewness and Kurtosis present values
that define the existence of a homogeneous distribution, with the

appearance of a normal Gaussian curve, the maximum peak incidence being around 10, as it can be seen in the analysis of the underlying table (Table 1).

The analysis of the histograms corresponding to all the scalar

variables presented above, shows distributions of normal Gaussian
curves. However, the following particular features will be noted:
•
•

The total number of detected strains has a maximum peak
incidence in the range between 150 - 200 strains discovered.

The Staphylococcus aureus strains have an average of 125.25
strains, with an SD of ± 30.77, with a discrete deviation of
the distribution curve to the right, which means a maximum
peak at 150.
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•

•

Escherichia coli is characterized by an average value of 26.33
(with SD 6.54) which will be described in terms of distribution by a Gaussian curve, deviated to the left, with a maximum
incidence between 25 = 30 strains detected.

Klebseilla pneumoniae was found in a maximum number of 15
cases, the average value being below the threshold of 7 strains
(SD = 4.01). The values of the statistical indices, although they
describe a normally Gaussian curve, deviated, as in the previ-

10

•

ous case towards the left side, justifying a maximum peak of
incidence of the values of 5 strains. The situation is similar in
the case of Pseudomonas aeruginosa strains, the average being 9.83, SD = ± 4.32.
Streptococcus pneumoniae, being the main pathogen of this
statistical analysis, is characterized as having a homogeneous distribution, with an equality of extreme values. The maximum incidence peak is within the range of 40 - 60 strains
detected during the analysis of samples sent to the laboratory.

Statistics
Total
no. of
strains
Mean

No of StaphNo. of
ylococcus
Escheaureus
richia coli
strains
strains

No. of
Klebsiella
pneumoniae strains

230.42

125.25

26.33

Variance

3063.356

946.932

42.788

16.083

1015.356

18.697

Kurtosis

-1.238

-1.078

0.395

-0.395

-1.021

0.593

326

173

40

15

113

Median

Std. Deviation
Skewness

Std. Error of Skewness

Std. Error of Kurtosis

Minimum

Maximum

224.50

55.348
0.358

0.637

1.232
162

122.50

30.772
-0.097
0.637

1.232
77

26.00
6.541

0.721

0.637

1.232
18

6.92

No. of
No. of
Streptococ- Pseudomocus pneunas aerumoniae str. ginosa str.

5.00

4.010

0.702

0.637

1.232
2

53.00

31.865
0.227

0.637

1.232
12

Table 1: Descriptive statistics of scalar variables.

Hereinafter, I will present the distribution of Streptococcus

•

pneumoniae sensitivities. The first three antibiotics were monitored, chosen according to the pathogen’s response to the applied

therapy. It will be noted that the first step is Amoxicillin (with a

percentage of 33.3%), followed by Cefepim (with a percentage of
25% - corresponding to sensitivity class 2), respectively Ciprofloxacin (25% - for sensitivity class 3), but also three other antibiotics

corresponding to a percentage of 16.7% (Norfloxacin, Vancomycin
and Linezolid). In terms of resistance to antibiotics, the highest in-

cidence is that of Co-Ttrimoxazole (83.3% as the first antibiotic to
avoid), followed by Erythromycin (25% for resistance class 2).

By applying the Pearson bivariate correlation test, the existen-

ce of a series of positive and extremely strong correlations can be
observed in terms of statistical significance (for reference p index
values less than 0.01) as follows:

60.92

•

9.83
9.00

4.324

0.946

0.637

1.232
4

19

No. of Enterococcus str.

No. of Streptococcus pneumoniae str. per
department

1.58

10.75

2.992

42.932

3.147

2.920

1.00

1.730

1.665

0.637

1.232
0
6

11.00

6.552

1.190

0.637

1.232
1

27

Between the variables characteristic to antibiotic sensitivities detected in the case of Streptococcus pneumoniae and the
months of presentation, it can be seen that during the winter
months the highest sensitivity is to Amoxicillin, followed by
Cefepim or Ciprofloxacin, while during the summer months
Levofloxacin, Vancomycin or Linezolid will be used as a first-line treatment for infections with Streptococcus pneumoniae.
Another extremely strong correlation is found between the
type of antibiotic detected as the antibiotic of choice due
to a sensitivity of 100%, namely pneumococcal resistance to Erythromycin with an average resistance percentage
of 61.85%. This correlation can be interpreted through the
hypothesis that pediatric patients with a pathology for which
Streptococcus pneumoniae may be incriminated as a pathogen
will be at risk (approximately 62%) of associating resistance
to erythromycin (if the pathogen is characterized by an increased sensitivity to Amoxicillin and Cefepim) (Table 2).
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Bivariate Pearson correlations
Sensitivity 1 Sensitivity 2 Sensitivity 3

Resistance 1

Resistance 2

0.558

-0.518

0.757

.701*

-0.390

1

0.559

-0.555

.994**

0.559

1

-0.010

0.453

-0.010

1

Month

Pearson Correlation

.885**

0856**

Sensitivity 1

Pearson Correlation

1

.912**

Sensitivity 2

Pearson Correlation

.912**

Sensitivity 3

Pearson Correlation

.701*

Resistance 1

Pearson Correlation

Sig. (2-tailed)
N

Sig. (2-tailed)
N

Sig. (2-tailed)
N

Sig. (2-tailed)
N

Sig. (2-tailed)
N

0.000
12

12

0.000
12

0.011
12

-0.390
0.210
12

0.000

0.059

0.000

0.011

12

12

12

0.059
12

-0.555
0.061
12

**: Extremely strong correlation, statistically significant for values p < 0,01.

*. **: Extremely strong correlation, statistically significant for values p < 0,05.

Discussion

12

12

0.059
12

12

0.974
12

0.084

0.243

0.210

0.057

12

12

0.061
12

0.974
12

12

4

0.943
4

0.006
4

0.547
4

-0.577
0.423
4

Table 2: Bivariate Pearson correlations.

Antibiotic resistance is in itself a direct consequence of excessi-

ve and inappropriate use of antibiotics [5,6].

cific patterns. The clinical characteristics of the pediatric patients,
hospitalized during 2019 were analyzed at the same time.

The obtained data were compared to those existing in the li-

Increased incidence of antibiotic resistance in patients with

terature. They show the following general resistance to pneu-

today’s medical world, along with the existence of bacterial species

not least trimethroprim/sulfamethoxazole (66.7%). In the case of

pneumococcal infections is detected mainly for macrolides and

cephalosporins. This is a real problem of prophylaxis attempts in
in multiple classes of antibiotics [7].

The susceptibility of Streptococcus pneumoniae to different clas-

ses of antibiotics has a wide range of variation in Europe. For exam-

ple, the literature confirms, in the case of isolated pneumococcal

species, with non-invasive activity, the existence of a variation of

mococcal species (from various foci of infection): clindamycin
(95.8%), erythromycin (95.2%), tetracycline (93.6%) and last but
the present study, the percentages of antibiotic resistance are the
following:
•

penicillin non-susceptibility from 1.7% in Norway to 83% in Ro-

•

The present study focused on the statistical analysis of anti-

•

mania [8-11].

biotic resistance in terms of the incidence of different classes (as
determined during the 12 months of the study), but also of the spe-

In the administration of macrolides (erythromycin) a percentage of resistance of 61.85% was detected, predominantly in the winter months (February-March).

The administration of lincosamides (clindamycin) has an
increased resistance, more precisely 74.07%, its existence
being specific to the month of September.
For the months of April-August, in the case of pneumococcal
infections, there is a resistance to Co-trimoxazole (trimetroprim/sulfamethoxazole) of up to 91.67%, respectively a
maximum of 75.22% of resistance for October - December.
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