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Abstract :

Tonsillitis is a prevalent upper respiratory tract infection, often caused by Streptococcus pyo-
genes the most common etiological agent. 100 samples are collected from patients with tonsillitis
aged 5-55 years for both gender, who visited the ENT consultant at Tikrit Teaching Hospital during
the period from November 2024 to April 2025.

Throat swab culture revealed that 82 samples had bacterial growth of which 16 isolates in rate of
19.51%, were of the S. pyogenes, 12 isolates of non-group A streptococci (Non-GABHS) 14.63%,
Staphylococcus aureus. 25.61%, and Coagulase-negative Staphylococci 8.54%, S. pneumoniae
6.10% and viridans groups 15.85%, along with some Gram nagetive species 9.76%. The predom-
inant age groups infected with S. pyogenes were in 5-15 years in rate of 41.5%, followed by 15-25
and 25-35 with approximately equal numbers of etiology, 35-45 was the least susceptible group
to S. pyogenes infection, and 45-55 had incidence rate of 6.25%. The antimicrobial susceptibility
testing revealed that all isolates were sensitive to Penicillin, Augmentin and Levofloxacin 100%,
while resistance was variable for other antibiotics such as Amoxicillin, Cefotaxime, Vancomycin,
and Cefotaxime.

The results showed a significant decrease in lymphocyte counts 1.76 x 10°/L In patients with
tonsillitis compared to the other infected and control group, a significant increase in granulocyte and
WBC counts 9.21 x 10°/L, 12.49 x 10°/L respectively in compared to the other groups and controls,
no significant differences were observed in red blood cell count between the groups.

Keywords: Tonsillitis, Streptococcus pyogenes, antibiotics, blood, parameters.
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Introduction

Tonsillitis is a common disease, es-
pecially among children and adoles-
cents, Streptococcus pyogenes 1s one
of the main causative agents, along
with several other bacteria, such as
Haemophilus influenza, Staphylococ-
cus aureus, Streptococcus pneumoniae
[1].

S.pyvogenes, also known as strep
throat, is the most common cause of
bacterial tonsillitis and localized skin
(impetigo) to moderate-to-severe man-
ifestations in the forms of scarlet fever,
pneumonia, bacteraemia, erysipelas,
cellulitis, and life-threatening condi-
tions such as necrotizing fasciitis and
toxic shock syndrome, it has the poten-
tial to trigger acute immune responses
which in some cases can lead to chron-
ic inflammatory complications in other
organs most notably rheumatic fever
[2].

S. pyvogenes has the ability to col-
onize, proliferate, and disseminate
swiftly inside host tissues while con-
currently escaping phagocytosis and
perplexing the immune system [3].

Certain immunological and labora-

tory markers, such as CBC markers are
essential tools used to assess the body’s
response to streptococcal infection and
monitor its severity [4].

Tonsillitis symptoms frequently oc-
cur before tonsillar abscesses, which
are collections of pus between the
tonsillar capsule and the pharyngeal
constrictor muscle, it is important to
remember that the emergence of cer-
tain symptoms does not establish cau-
sality, antibiotic therapy for tonsillitis
decreases abscess, even if the two 1ll-
nesses are clinically different [5].

These markers are particularly im-
portant when linked to potential com-
plications of infection, such as rheu-
matic fever, a well-known immune
complication resulting from an abnor-
mal immune response to S.pyogenes

antigens.

Materials and Methods

One hundred throat swab were col-
lected from patients and 25 samples
from healthy people from both genders
ages between 5-55 years from the Ear,
Nose and Tonsil (ENT) Consultant at
Samarra General Hospital and Tikrit
Teaching during a period that was sum-
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marized between November 2024 and
April 2025.

Throat swab was taken by dispos-
able cotton swab and from all Patients
diagnosed with tonsillitis by a special-
1st doctor and 5 ml of venous blood
were taken from patients and healthy
groups and put in EDTA tube for he-
matological test.

Diagnosis of bacterial isolates

The specimen were transferred to
the laboratory within two hours using
a gel swab and cultured on modified
blood agar [6], and incubated aerobi-
cally and anaerobically using anaero-
bic jar, the growing colonies were sub-
jected to some biochemical tests and
diagnosed according to the approved
diagnostic systems [7,8].

Bacitracin sensitivity test, the bac-
teria being tested was spreading with
a several individual colonies of a pure
culture on meuller-hinton agar supple-
mented with 5% blood and a disk of
bacitracin was placed in the plate.

After overnight incubation at 37°C
for 24 hr, a zone of inhibition surround-
ing the disk indicates the organism was
a Group A beta-hemolytic Streptococ-
cus [5].

Strep A rapid test. The Abon Rap-
id Strep A Test uses a lateral flow im-
munoassay technique to qualitatively
detect the carbohydrate antigen specif-
ic for Group A Streptococcus directly
from a throat swab [9].

Antibiotic susceptibility Test

The susceptibility of the isolates to
antibiotics were against 10 types of
antibiotics including Augmentin, Azi-
thromycin, Levofloxacin, Penicillin,
Amoxicillin, Erythromycin, Cefotax-
ime, Ciprofloxacin, Clindamycin, Van-
comycin and was determined using
the Kirby-Bauer disk diffusion meth-
od [10]. The growth inhibition zone
around the discs was measured using
millimeter ruler bacteria were consid-
ered sensitive (S), resistant (R), mod-
erately sensitive (I) by comparing them
with [11].

Determination of CBC

A venous blood sample is taken from
all patients and healthy groups using an
EDTA-containing tube, the sample is
placed in an analyzer that automatical-
ly counts and evaluates the blood com-
ponents. The CBC test involves ana-
lyzing a sample of the patient’s blood
using automated hematology analyzers
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[Minaray BC-3000 plus].

Statistical analysis

All statistical analyses were per-
formed using GraphPad Prism 10.4.0,
the statistical data were articulated as
mean + standard deviation and subject-
ed to comparison via one-way ANOVA
in accordance with Tukey’s multiple
comparisons test, a p-value of less than
0.05 was considered statistically signif-

icant.

Results and Discussion
A total of 100 clinical samples were
collected from tonsillitis and depend-
ing on cultural characteristics on blood

agar, 82(82) % samples were yielded
positive growth, as shown in table 1
there is no significant difference be-
tween males and females, meaning that
gender had no effect on the growth of
bacterial species in the tonsils, at the
same time, some swabs showed no
growth in culture plates, this may be
because the swabs taken were not from
bacterial infections, but rather from
other microorganisms, i.e., viral infec-
tions that causing tonsils swelling and
redding accompanied by fever, so their
symptoms are similar to those of bac-
terial tonsillitis.

Table 1 number of bacterial growths

Throat swab Male Female Total
Growth + 43 39 20
A 52.5% 47.5%
Growth - 8 10 13
YA 44 5% 55.5%
Total 51 49 100

Isolates which were identified
as S. pyogenes appeared after 24 hour,
semi-transparent, low convex, some
colonies were mucoid, small and glis-

tening with the appearance of droplets

water, hemolysis as clear zone. Micro-
scopically S. pyogenes was found to be
Gram positive, spherical or ovoid, and
arranged in chains with different long
as in figure 1 A, B .
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Figure 1 A S. pyogenes on blood agar.
B. Gram stain of S. pyogenes

The results in table 2 showed the morphological and biochemical tests that

performed on isolates under study.

Table 2 Biochemical tests used to diagnose isolates.

Bacteria Shape Gve | Hly | Cat. | Ox | Baci. | Op. | R-test
S. pyogenes Streptococci + B - - S R +
Non GABHS Streptococci + B,Ya, - . R R -
S..aureus Staphylococci + B + - R R -
Coagulase - Streptococci + o + - R R -
S. pneumoniae Streptococci + Y + - R S -
Viridians Streptococci + o - - R R -
Other bacteria Bacilli - \Y + |V R R -

* V: variable, Gve: Gram stain, Hly: Hemolysin, Cat: Catalase, Baci: Bacitracin, Ox: Oxi-
dase, Op.: Optechin, R-test: Strep A rapid test
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The bacteriological examination of
throat swabs from 82 patients showed a
varied array of microbial isolates, with
Staphylococci being the most prevalent
group 25.61%, succeeded by S.pyo-
genes 19.51% and Viridians groups
15.85%, the identification of S. pyo-
genes in approximately 20% of cases
underscores its persistent significance
as a pathogen 1n pharyngeal infections,
especially due to its correlation with
acute tonsillitis, pharyngitis, and possi-
ble post-infectious sequelae like rheu-
matic fever and glomerulonephritis.

The detection of Non-group A B-he-
molytic streptococci (Non-GABHS) in
14.63% of samples indicates that addi-
tional streptococcal groups, including
groups C and G, may also play a role
in pharyngeal inflammation, but often
with reduced clinical severity com-
pared to S. pyogenes. Viridans strep-
tococci, normally regarded as com-
ponents of the normal oropharyngeal
flora, were identified in a significant
proportion (15.85%), however their
pathogenic significance is context-de-
pendent and frequently opportunistic.

The detection of coagulase-negative
staphylococci (CoNS) in 8.54% of pa-

tients and S. pneumoniae in 6.10% in-
dicates the polymicrobial composition
of the oropharynx, since some isolates
may signify colonisation rather than
genuine illness.

Nonetheless, 8 1isolates (9.76%)
were categorized as “other bacteria,”
perhaps encompassing gram-negative
rods or uncommon pathogens.

These findings underscore the di-
versity of bacterial flora in pharynge-
al infections, although S. pyogenes is
a primary concern, empirical treatment
decisions should consider a wider ar-
ray of potential species, particularly in
recurring or unusual cases. The results
of the study were consistent with a pre-
vious study [12] where 4,062 samples
were collected, 471 were positive for
S. pyogenes 11.5%, which supports
the isolation rate of this bacteria in
the current study. The isolation results
of the current study were similar to
those achieved [13], with the isolation
rate being 24%, and the percentages
of males and females being 45% and
55%, respectively, this confirms the
results of our current study. The study
also showed a discrepancy in the isola-

tion rate of S. pyogenes compared to
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studies conducted in other governor-
ates, such as Baghdad [14], where the

isolation rate was 34%, and Hillah [15]
(59.57%).

Table 3 types of bacteria isolated from throat swab (n= 82)

Bacterial types No. %

S. pyogenes 16 19.51%
Non GABHS 12 14.63%
Staphylococci 21 25.61%

Coagulase - 7 8.54%
S. pneumoniae 5 6.10%

Viridians 13 15.85%
Other bacteria 8 9.76%
Total 82 100%

The distribution of Patients Ac-
cording to Age Groups

This study’s age-stratified distribu-
tion of bacterial isolates reveals sig-
nificant epidemiological tendencies,
the 5—15 years represented the largest
proportion of positive throat swabs
41.46%, with S.pyogenes identified
as the predominant pathogen in this
group. this corresponds with recog-
nized clinical information that school-
aged children constitute the principal
risk group for S. pyogenes pharyngi-
tis due to proximity, underdeveloped
immunity, and elevated colonization

rates.

Conversely, older age groups ex-
hibited a progressive decrease in S.
pyogenes isolation, with just one case
identified in the 45-55 years catego-
ry, notably, other bacteria, including
S.aureus, coagulase-negative staph-
ylococci (CoNS), and gram-negative
organisms, were more frequently iso-
lated in adults, particularly within the
25-55 age demographic, suggesting a
potential alteration in the aetiology of
pharyngitis with age or heightened col-
onization by opportunistic pathogens
in adults.

The viridans streptococci, typically

regarded as components of the normal
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flora, were detected in all age demo-
graphics, with a higher prevalence in
younger and middle-aged individuals,
indicating enduring colonization that
may not consistently be harmful, the
prevalence of S. pneumoniae in older
adults, particularly those aged 45-55
years, may indicate a trend of coloni-
zation or the possibility for subsequent
infections in persons with preexisting
respiratory or systemic ailments as in
table 4.

These data substantiate the con-
cept that bacterial pharyngitis exhibits
age-related variations in pathogen pro-
files, hence endorsing focused diagnos-
tic and therapeutic strategies. Priori-
tization of S. pyogenes screening and
therapy is essential in pediatric pop-
ulations, but a more comprehensive
microbiological evaluation may be
required for adult patients exhibiting
chronic or unusual symptoms.

The results of the current study were
consistent with the findings of a num-
ber of previous studies [13, 16] as they
showed similarity in the percentages
of bacterial isolates, especially S.pyo-
genes, in the age group (5—15 years).

As for the high percentage of S.au-

reus 1solation in adults, the results do
not consistent with the study of [17]
but similar to [18] who found that the
percentage of S.aureus isolation was
29% and 20%, respectively, these per-
centages were consistent with the per-
centages in the current study.

Table 4 shows the distribution of
patients by age in the first ages group
5-15 years ,where the age of 5 years
is the ideal age to start taking tonsil
swabs, the tonsils begin to grow after
birth, but they do not reach their full
anatomical and functional size until the
ages of 4 to 10 years, at this stage, they
become more immunologically active
and more susceptible to an inflamma-
tory response to antigens, increasing
the likelihood of acute bacterial infec-
tion caused by S. pyogenes, before this
age, the tonsils are small and immuno-
logically incomplete, which reduces
the appearance of swelling, redness,
or exudate that clinical examination
and screening require, therefore, tak-
ing swabs before this age may not be
of high diagnostic value, especially
since most cases of tonsillitis in young
children (<3-4 years) are caused by

non-specific viral infections.
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Table 4 number of bacteria isolated from throat swab according to age categories.

Bacteria
9%]
% 3 <
© —
3 > 5 o | g o g
QS Q N o < [N [ o,
03 > S Z 3 5 < —~
S @ g 2 S 5 ® S
Age & > 5
group
5-15 34
Jears 9 6 12 1 1 5 - (41.46%)
15-25 15
4 2 4 2 1 2 -
years (18.3%)
25-35 17
years 2 3 > 1 ) 3 3 (20.73%)
35-45 1 1 1 5 5
years (6.1%)
45-55 1
years ! ) i 2 3 2 3 (13.41%)
16 12 21 7 5 13 8
Total (%) 82
(19.51%) | (14.63%) | (25.6%) | (8.54%) | (6.1%) | (15.85%) | (9.77%)

Antibiotic susceptibility

As shown in table 5 , S. pyogenes
showed resistance to Azithromycin
76.5%, Clindamycin 43.8% and Cip-
rofloxacin 75% While highly sensitive
to Amoxicillin 100%, Levofloxacin
100%, Vancomycin 95.5%, Cefotax-
ime 87.5%.

Based on the findings of this study
90% of the S. pyogenes isolates were
sensitive to penicillin, which is consis-
tent with other studies conducted in
Iraq [19, 20, 21]

This may be due to a deficiency or
absence of beta-lactamase production
in S. pyogenes, However, only some
isolates demonstrated resistance to
penicillin, Penicillin resistance in S.
pyogenes may occur through evasion
of penicillin treatment by entering epi-
thelial cells, which are poorly penetrat-
ed by penicillin, by forming a biofilm,
and by protection of S. pyogenes by
other beta-lactamase-producing bacte-
ria [19].
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In the current study, the sensitivity
of S. pyogenes to antibiotics, erythro-
mycin and cefotaxime, were 87.5%,
these results were similar to those in
recent studies [22].

The study showed that S. pyogenes
isolates were sensitivity percentage to
Augmentin, vancomycin and azithro-
mycin were 100%, 95.5% and 22.5%
respectively, a result somewhat similar
to those found in the study of Ali and
Wadi [13] who reported that sensitive
to vancomycin was 100% but in re-
garding to Augmentin and azithromy-
cin their results were 75%, and 40%
respectively.

A study conducted in Kirkuk Gov-
ernorate Iraq, showed that a large
percentage of S.pyogenes isolates ob-
tained from children with throat infec-
tions were sensitive to various antibi-
otics with ampicillin, ceftriaxone, and
clindamycin showing sensitivity rates
01 95.8%, 81.25%, and 68.75% respec-
tively [23].

Another study reported that S.pyo-
genes sensitive to penicillin and clin-
damycin with percentage 100% and
95.7%, respectively.

In a study by [24], a total of 2,123
samples were received from patients
with respiratory tract infections, of
which 50 S.pyogenes isolates were ob-
tained, among these strains, 8% were
not susceptible to penicillin, the prev-
alence of resistance to clindamycin
and ceftriaxone was 40% and 5.3%,
respectively, a result consistent with
current findings for clindamycin and
penicillin.

Although penicillin’s susceptibility
rates were good, the worrisome rise in
MIC values was concerning, the pre-
ferred medication for S.pyogenes in-
fections was, penicillin, therefore, was
important to reevaluate the penicillin
susceptibility patterns, the preferred
treatment for penicillin-resistant GAS
infections was clindamycin; however,
in several investigations, it was also
shown that 40% of strains were be-
coming more resistant to the antibiotic,
this emphasizes the necessity of using
antibiotics sparingly in order to avoid
treatment failures [25], due to its lon-
ger half-life amoxicillin was frequent-
ly chosen despite being equally effec-
tive [26].
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Table 5 Antibiotic susceptibility of Streptococcus pyogenes

Interpretation
Antibiotics Resistance Sensitives
(o)
Penicillin 10% 90%
Augmentin 0% 100%
Azithromycin 76.5% 22.5%
Amoxicillin 10.5% 88.5%
Cefotaxime 11.5% 87.5%
Ciprofloxacin 75% 25%
Clindamycin 43.8% 56.2%
Erythromycin 11.5% 87.5%
Levofloxacin 0% 100%
Vancomycin 4.5% 95.5%

» For Ciprofloxacin, Streptococcus pyogenes is generally considered resistant even

if zone is large.

* For Vancomyecin, the CLSI does not recommend disk diffusion testing; MIC test-

ing is required.

* Penicillin and Amoxicillin: S. pyogenes is predictably susceptible, so zone size >26

mm = Susceptible.

hematological test

CBC parameters

tinct patterns between patients infect-
ed with S.pyogenes, those with other

The analysis of complete blood bacterial infections, and healthy con-

count (CBC) parameters revealed dis- trols as seen in table 6.

Table 6 levels of CBC parameters between studies groups

S.pyogenes Other patients Control
CBC parameters
16 84 25
Lymphocyte 1.756+ 0.3 3.556+ 1.6 2.342+ 0.56
RBC 4.408+ 0.5 4.458+ 0.4560 4.452+0.57
WBC 12.49+5.16 10.28+ 3.41 6.820+ 1.4
Granulocytes 9.213+1.2 6.534+ 1.5 4.704+ 1.8




Investigation of antibiotics resistance of Streptococcus pyogenes causing tonsillitis
and its effect on some blood parameters ............ Reem Muzahim Hamdoon ¢« Asmaa Easa Mahmood

|| 252

The mean lymphocyte count of the
S. pyogenes are 1.76 x10°/L, in other
bacteria 3.556x10°/L and in control
Group are 2.342 x10°L as in table 6.

Tukey’s multiple comparisons tests
showed in figure 2 mean difference be-
tween the groups. These findings sug-
gest that lymphopenia (low lympho-
cyte count) may be more prominent
in §. pyogenes infections compared
to infections caused by other bacterial
agents, One possible explanation is that
S. pyogenes produces a variety of vir-
ulence factors and superantigens, such
as streptococcal pyrogenic exotoxins,
which may induce lymphocyte apopto-
sis or redistribution, thereby reducing
the circulating lymphocyte count.

The results of the study were consis-
tent with the results reached by [27]
who confirmed that some strains of
GAS are associated with severity of
lymphopenia.

On the other hand, Anderson et al
[28] found a decrease in B cells (a type
of lymphocyte) in patients with S. pyo-
genes induced pharyngitis, as well as a
decrease in NK cells, they also found
a decrease in the frequency of type 1
helper T cells (Th1), type 17 regulatory

T cells (Treg), and T follicular helper
cells (TFH) 72 hours after infection,
suggesting T cell migration toward the
site of infection [29].

467

<.001

.001
§

- T

1\ T =

- T I
S.pyogenes Other bacteria Control

MeanzSD level of Lymphocyte

Figure 2 Lymphocytes analysis, S. pyo-
genes vs other bacteria (mean difference =
-1.80; 95% CI = -2.82 to -0.78; p < 0.001) S.
pyvogenes vs control (mean difference =-0.59; p
= 0.467) other bacteria group vs control (mean
difference = 1.21; p = 0.001).

The mean of RBC count of the S.
pvogenes are 4.408, in other bacteria
4.458and in control Group are 4.452 as
in table 6.

The statistical analysis of RBC con-
firmed that there are no significant dif-
ferences between the groups as shown
in figure 3.

RBC levels remained stable across
all groups and were not affected by bac-
terial infection status in this study, this
stability is expected, as RBC count is
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not typically altered in acute upper re-
spiratory tract infections, unless there
1S concurrent anemia, chronic disease,
or hemolytic activity, none of which
were present or observed in the study
population.

The results of this study were identi-
cal to the results obtained by [30], who
reported that there is no significant dif-
ferences in the number of RBC.

.956

.922 .998

6.0

5.5~ —

5.0 —|_

4.5—

40— J_ -
I

3.5
I I
S.pyogenes Other bacteria Control

MeanzSD level of RBC

Figure 3,RBS analysis, the mean differ-
ence S. pyogenes vs other bacteria (mean differ-
ence =-0.05083, CI-0.3654 to 0.2637, P=.922)
and S. pyogenes vs controls was (-0.04450,
CI -0.4137 to 0.3247 P=.956) other bacteria
vs control (0.006333, CI -0.2564 to 0.2691
P=.998).

The mean counts of WBC in pa-
tients infected with S. pyogenes , other
bacteria and control Group are 12.49,
10.28, 6.820 respectively as in table 6.

WBC results are a consistent fea-

ture of bacterial infections in gener-

al, but are not uniquely specific to S.
pyvogenes. The elevated WBC count in
both S. pyogenes and other bacterial
groups reflects the expected leukocyto-
sis associated with acute inflammatory
responses, particularly driven by neu-
trophilia, which is commonly triggered
by bacterial pathogens.

However,
showed in figure 4, that while the dif-
ference between S. pyogenes and the

statistical comparisons

control group was highly significant
(mean diff = 5.666, p <0.001), the dif-
ference between S. pyogenes and the
other bacteria group was not statisti-
cally significant (mean diff = 2.206,
p = 0.126). In contrast, the difference
between the other bacteria and con-
trol groups was statistically significant
(mean diff = 3.460, p < 0.001).
The reviews conducted by [31, 32,
33], on some cases matched, all cases
where they infected by S.pyogenes
had a severe elevation of WBC, which
1s very consistent with the results of the
patients’ serum tests taken in this study.
In another study conducted by
[34], the WBC count in patients with
streptococcal acute tonsillitis reached
(12.77+4.85) with a statistical signif-
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icance of (P value= 0.001), which 1s
completely consistent with the results
of this study (12.49+5.16) with a statis-
tical significance of (P value= 0.001).

<.001

<.001 <.001

10— é I;I
5= T -

| I |
S.pyogenes Other bacteria Control

——

MeanzSD level of Granulocytes

Figure 4- WBC analysis, the mean dif-
ference S. pyogenes vs other bacteria (5.666,
CI 2.537t08.796 <.001) and S. pyogenes
vs controls was (2.206, CI -0.4599 to 4.873,

P=. .126) other bacteria vs control (3.460, CI

1.233 to 5.687, <.001).

While Statistical analysis of gran-
ulocyte shows the mean counts are
9.213 while other bacteria and control
are 6.534 and 4.704 respectively.

The mean difference between S.
pyogenes and other bacteria was 2.68
(p < 0.001), and between S. pyogenes
and controls was 4.51 (p < 0.001) as
shown in the figure 5.

The results of the current study
were identical to what was reached by
[34] as the results of the current study

showed a significant increase in the rate
of Granulocytes (9.213£1.2) and the
other recorded a significant increase
measuring (9.076+4.68) with statisti-
cal significance (p < 0.001).

In another study conducted by [30]
who confirmed a significant increase in
the number of granulocytes in patients
with chronic and acute tonsillitis in-
fected by S.pyogenes.

Granulocytes, which include neu-
trophils, are the first responders in the
innate immune system and are signifi-
cantly elevated in bacterial infections,
the markedly increased granulocyte
count in S. pyogenes infections likely
reflects a strong systemic inflammato-
ry response triggered by streptococcal
virulence factors, such as M protein and
streptolysins [35] this aligns with pre-
vious findings where granulocytosis is
a common feature in acute streptococ-
cal pharyngitis, serving as an import-
ant hematological marker of bacterial

etiology and immune activation.
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Figure 5 GRA analysis, the mean differ-
ence S. pyogenes vs other bacteria (2.679, CI
1.661 to 3.696 <.001) and S. pyogenes vs con-
trols was (4.509, C13.314 to 5.703,<.001) other
bacteria vs control (1.830, CI 0.9801 to 2.680,
<.001).
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