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BACKGROUND: Improper prescription of antibiotics for treatment of acute pharyngitis predisposes to emer-
gence of a carrier state and antibiotic-resistant strains of group A streptococci (GAS). We sought to identify the
frequency and antimicrobial susceptibility patterns of group A streptococci among Egyptian children with acute
pharyngitis compared with asymptomatic children.

DESIGN AND SETTING: Case-control study conducted from September 2013 to August 2014 at a pediatric
outpatient clinic in Egypt.

PATIENTS AND METHODS: Throat swabs were collected from children with acute pharyngitis and from asymp-
tomatic children. We evaluated the accuracy of Mclsaac scores and the rapid antigen detection test (RADT) for
diagnosis of GAS pharyngitis with throat culture as a reference test. Antimicrobial susceptibility testing of GAS
isolates was done by the disc diffusion method.

RESULTS: Of 142 children with acute pharyngitis (cases) and 300 asymptomatic children (controls) (age range,
4-16 years), GAS pharyngitis was diagnosed in 60/142 children (42.2%); 48/300 (16%) were found to be carri-
ers. All GAS isolates in the case group were sensitive to penicillin; however, an MIC90 (0.12 pg/mL) for penicillin
is high and an alarming sign. The resistance rate to macrolides was 70% with the cMLSB phenotype in 65.1%.
The sensitivities and specificities were 78.3% and 73.2% for Mclsaac score of >4 and 81.1% and 93.9% for
RADT, respectively. GAS isolates in the control group were 100% sensitive to penicillin, while 12.5% and 37.5%
were resistant to macrolides and tetracycline, respectively.

CONCLUSION: An increased MIC90 for GAS isolates to penicillin is an alarming sign. A high frequency of
resistance to macrolides was also observed.

roup A streptococcus (GAS) is the most
Gcommon bacterial cause of acute pharyngi-
tis, which is a great burden on school-aged
children.! Beta-hemolytic streptococci can colonize
the throat of healthy carriers, serving as a reservoir
for pathogen transmission.” Antibiotic-resistant GAS
isolated from asymptomatic school children are a pub-
lic health concern. When screened and appropriately
treated with antibiotics, carriers can be prevented from
spreading GAS infections in the school environment
and the community.?
Penicillin is still the most commonly used drug for
treatment of acute streptococcal pharyngitis and tonsil-
litis.> However, use of antibiotics without prescription
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increases the rate of strains of GAS resistant to com-
monly used antibiotics, and fosters emergence of a carri-
er state.”? Clinical scores such as the Modified McIsaac
score can be used to help clinicians in the diagnosis of
GAS pharyngotonsillitis and determine which patients
should undergo diagnostic testing.* Rapid GAS antigen
detection tests (RADTs) can provide results in 10-15
min, and most have a specificity of 90% and sensitivity
of >90%.°

Knowledge of the antibiotic resistance patterns in a
certain geographical region is important in the choice
of the most effective antibiotic for treatment of GAS
infections.” This study was designed to estimate the
frequency of GAS acute pharyngotonsillitis, as well as
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the carrier state among asymptomatic healthy Egyptian
children, to identify the antimicrobial susceptibility
pattern of GAS, and to evaluate the effectiveness of the
McIsaac score and the rapid antigen detection test for
patient diagnosis.

PATIENTS AND METHODS

This case-control study was conducted at the Pediatric
Outpatient Clinic of Ain Shams University, Children’s
Hospital, Cairo, Egypt, during the period from
September 2013 to August 2014. Children ranging in
age from range 4-16 years who attended the outpatient
clinic and complained of fever, sore throat and unequiv-
ocal erythema of the pharynx were classified as cases;
asymptomatic healthy children, matched for age and
gender, with no history of recurrent pharyngitis were
classified as controls. Written informed consent was ob-
tained from parents or legal guardians after approval of
the study by the Local Ethical Committee, Ain Shams
University. The study protocol conformed to the ethical
guidelines of the Declaration of Helsinki 1975.

All children were subjected to a full history taking
(age, sex, number of days ill before the visit, sore throat,
runny nose, cough, swollen neck glands, general aches,
rash, gastrointestinal discomfort, history of a tempera-
ture greater than 38/history of recurrent attacks of ton-
sillitis and multiple treatment courses (>7 episodes in
the past year, >5 episodes per year for 2 years, or >3
episodes per year for 3 years).® A complete physical ex-
amination (red throat, tonsillar swelling, tonsillar exu-
dates, tender anterior cervical lymph node, a rash typi-
cal of scarlet fever, abnormal tympanic membrane, and
lung findings), and clinical data were used to calculate
the Mclsaac score 7 for each patient. The McIsaac score
comprises the following criteria: temperature >38°C;
absence of cough; tender anterior cervical adenopathy;
tonsillar swelling or exudate; age 3-14 years scored +1
each, age 15-44 years scored 0, age 3 45 years scored -1.
Exclusion criteria were previous oral antibiotics within
the last two weeks, intramuscular benzathine penicillin
in the last month, history of rheumatic heart disease,
poststreptococcal  glomerulonephritis, immunosup-
pression or obvious alternate diagnosis (such as herpes
gingivostomatitis).

Throat sample collection and testing

A Dacron swab collection-transport system (COPAN
Diagnostics Inc., Corona, CA) was used for all sam-
pling. Double samples were collected from the patient’s
posterior pharynx and tonsillar surfaces as recom-
mended by the Infectious Disease Society of America.8
Immediately after sample collection, one swab from
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each patient was used for rapid antigen detection testing
(Signify Strep A; Abbott Laboratories, Abbott Park).
The remaining swab was transported to the Clinical
Microbiology Laboratory within 2 hours. Culture of
the swab was performed on blood agar with an SXT
disc (Oxoid Microbiology Products, http://www.oxoid.
com/), and the plate was incubated in 5% CO, at 35°C
for 48 h.

Selection and identification of GAS isolates
Beta-hemolytic streptococci were phenotypically iden-
tified by standard methods: beta-hemolysis on blood
agat, colony morphology, Gram stain, catalase reaction,
and susceptibility to 0.04U bacitracin. GAS identifica-
tion was performed with a positive latex agglutination
test containing group A specific antisera (Slidex, Bio
Mrieux, Paris, France, http://www.biomerieux.fr/).}

Antibiotic susceptibility testing
Susceptibility to penicillin G (10 units), erythromycin
(15 pg), clindamycin (2 pg), tetracycline (30 pg), ceftri-
axone (30 pg), clarithromycin (15 pg), azithromycin (15
pg) and vancomycin (30 pg) (Microbiology Products,
http:/ /www.oxoid.com/) was tested by the disc diffusion
method according to CLSI recommendations.’
Minimum inhibitory concentrations (MICs) for
penicillin and erythromycin were determined by a ref-
erence E test method (OxoidMicrobiology Products,
http://www.oxoid.com/) in Mueller-Hinton agar sup-
plemented with 10% RBC( Microbiology Products,
http:/ /www.oxoid.com/).? The MIC interpretive criteria
was as follows: for penicillin 20.12 pg/mL (sensitive),
for erythromycin 20.25 pg/mL (sensitive), for both 0.5
(intermediate), and 31 (resistant).

Phenotypic detection of macrolide resistance

The resistance phenotypes of erythromycin-resistant
(intermediate and resistant) isolates were determined
by the double-disk test with erythromycin (15 pg) and
clindamycin (2 pg) disks to detect inducible macrolide-
lincosamide-streptogramin B (iMLSB ) resistance phe-
notype. The MLSB phenotype was defined as resistance
to both erythromycin and clindamycin, the iMLS phe-
notype was defined as resistance to erythromycin, sus-
ceptibility to clindamycin, and a positive D test; the M
phenotype was defined as resistance to erythromycin,
susceptibility to clindamycin, and a negative D test."

Statistical methods

Data were analysed by SPSS version 20. Data are pre-
sented as numbers and percentages. Comparison be-
tween qualitative data are by the chi-square test. The
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Fisher exact test was used instead of the chi-square test
when the expected count in any cell was less than 5. The
receiver operating characteristic curve (ROC) was used
to assess the sensitivity and specificity of the McIsaac
score and RADT with their negative and positive pre-
dictive values. The confidence interval was set to 95%,
and P value <.05 was considered significant.

RESULTS

Of450 children enrolled in this study, 8 children among
in the case group were excluded because they had been
taking antibiotics in the previous two weeks. The case
group included 142 children; 68 boys and 74 girls with
a mean age 9.7 (3.5) years. The control group includ-
ed 300 children; 120 boys and 180 girls with a mean
age 10.1 (3.2) years. Table 1 shows the demographic
and clinical characteristics. There was no statistically
significant difference between both groups in mean
age (P=.23) or sex distribution (P=.12). The Mclsaac
score for patients in the case group showed that 48.6%
(69/142) had a score 34, 30.3% (43/142) had score 3,
15.5% (22/142) had score 2 and 5.6% (8/142) had score
1. Among children in the case group, 38% (54/142)
had a positive RADT; 81.1% (44/54) of children with
positive RADT had a Mclsaac score 34 (Table 2).
Throat culture of cases found that 67 (47.2%) yielded
no growth of pathogenic bacteria, 15 (10.6%) yielded
growth of B hemolytic streptococci identified as non-
group A streptococci (they were bacitracin and sutrim
resistant) mostly group C (Streptococcus dysagalatiae),
and 60 (42.2%) showed growth of B-hemolytic strep-
tococci confirmed to be GAS on the basis of a battery
of tests. They exhibited beta-hemolysis on blood agar.
Gram stain showed gram positive cocci arranged in
chains. They were catalase and latex agglutination test
positive and bile esculin negative. They were sensitive
to bacitracin and resistant to sutrim. A high percentage
of children (78.3%, 47/60) with positive throat culture
had a McIsaac score of 34 (‘Table 2).

In the current study, when comparing the perfor-
mance of the McIsaac score and RADT versus routine
throat culture, we found a highly significant associa-
tion between both Mclsaac score (P<.001) and RADT
(P<.001) and the result of the throat culture (Table 3).
An ROC curve was constructed (Figure 1) to show the
ability of the McIsaac score and RADT to diagnose pa-
tients with GAS pharyngitis. A McIsaac score of 34 had
a sensitivity of 78.3% and a specificity of 73.2%, with a
positive predictive value (PPV) of 68.1% and negative
predictive value (NPV) of 82.2%. The sensitivity and
specificity of the RADT for a positive throat culture for
GAS was 81.7% and 93.9% respectively, with a PPV of
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Table 1. Demographic and clinical characteristics of children
with acute tonsillitis and healthy control children.

Cases Controls
n=142 n=300

e 97(35)  10.1(32)
Sex, n (%)

Males 68 (47.9) 120 (40)
Females 74 (52.1) 180 (60)
History of fever, n (%) 126 (88.7)

Absence of cough, n (%) 86 (60.6)

Anterior cervical adenopathy, n (%) 73(51.4)

Tonsillar swelling or exudate, n (%) 48 (33.8)

Table 2. Distribution of the Mclsaac scores and the
corresponding positive results of RADT and throat culture for

GAS.
Total RADT W
Mclsaac 7o culture
number=142  positive n=54 PP
score o o positive n=60
n (%) n (%) o
n (%)
1 8(5.6) 0(0) 0(0)
2 22 (15.5) 2(9.1) 3(13.6)
3 43(30.3) 8(18.6) 10(23.3)
>4 69 (48.6) 44 (63.8) 47 (68.1)

n: number, RADT: rapid antigen detection test.
All scores were >1 because all included patients were from 4-16 years old.

Table 3. Performance of Mclsaac score and RADT versus throat culture.

Throat culture Agreement (95% Cl) (%)

st=it6i(\)/e Nle]g=aat;ve Sensitivity  Specificity ~ Overall P
Mclsaac
score
Positive, 47 2
n=69 783 732 75.8 0001
Negative (65.8-87.9) (62.2-82.4) (67.9-82.5) '

! 13 60

n=73
RADT
score
Positive, 49 5
n=54 81.7 93.9 87.8 0001
Negative (69.6-90.5) (86.3-98.0) (81.2-92.7) '
=88 ! " 77

89.1% and NPV of 87.4%.
Of 300 healthy children controls, GAS was isolated
from 16% (48/300); 4.3% (13/300) showed growth of
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Figure 1. Receiver operating characteristic (ROC) curve for the performance of
Mclsaac score and rapid antigen detection test (RADT) in defining GAS pharyngitis
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Table 4. Association between age and gender and carriage rate
among healthy children.

Results of throat culture

among healthy children
Variables Positive for ~ Negative P
GAS for GAS
n=48 n=252
Age (years),
n (%)
4-7 (n=60) 5(10.4) 55(21.8)
7-10 (n=82) 14(29.2) 68 (27)
10-13 (n=106) 23 (47.9) 46 (18.3) !
13-16 (n=52) 6 (12.5) 83(32.9)
Gender, n (%)
Males (n=120) 18 (37.5) 30 (62.5)
Females (n=180)  102(40.5) 150 (59.5) !

Values are numbers (percentage).

[B-hemolytic streptococci other than GAS and 79.7%
(239/255) yielded no growth of pathogenic bacteria.
Among the GAS isolates, 16.7% (30/180) were from
gitls and 15% (18/120) were from boys. The coloniza-
tion rate was statistically insignificant between gender
(P=.7) and age subgroups (P=.1) (Table 4).

Antibiotic susceptibility tests revealed that 100% of
GAS isolates recovered from the case group were sensi-
tive to penicillin and vancomycin. The penicillin concen-
tration at which 90% of strains were inhibited (MIC90)
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was 0.12 pg/mL (Table 4). However, the following re-
sistance pattern was observed for other antibiotics: 70%
(42/60) for erythromycin, azithromycin, and clarithro-
mycin, 13.3% (9/60) for clindamycin, 66.7% (40/60)
for tetracycline, and 23.3% (14/60) for ceftriaxone. As
regards the resistance phenotypes of erythromycin-re-
sistant GAS isolates, 28 (66.7%) had the constitutive
(cMLSB) phenotype, 7 (16.7%) had the M phenotype,
and 7 (16.7%) had the iMLSB phenotype. The MIC90
of erythromycin for the erythromycin-resistant isolates
(cMLS) was 256 pg/mL (Table 5).

In this study, 28.9% (41/142) of children in the
case group suffered from recurrent attacks of tonsilli-
tis and received multiple treatment courses with mac-
rolides. Moreover, we found that 92.8% of macrolide-
resistant strains (in the case group) were isolated from
children with a history of recurrent attacks of tonsillitis
and multiple treatment courses with those antibiotics
(P<.001) (Table 6). Regarding the susceptibility pat-
tern of GAS isolates recovered from the control group,
they were 100% sensitive to penicillin, clindamycin,
ceftriaxone and vancomycin. However, 37.5% (18 out
of 48) were resistant to tetracycline and 12.5% (6 out
of 48) were resistant to macrolides. The erythromycin
resistant isolates were of the M phenotype.

DISCUSSION

In the present study, the occurrence of GAS among
Egyptian children with tonsillitis and pharyngitis was
42.2%. Similar high rates (40% and 41.5%) of GAS
pharyngitis have also been reported in other studies
from Arab countries.'"'> Previous studies on the prev-
alence of GAS in Egyptian children with sore throat
reported that 24%" and 31.6%'* had a positive throat
culture. The high rate of GAS infection in our study
may be due to the exclusion of children younger than
4 years old.

To the best of our knowledge, there have been no
previous studies from Egypt on GAS carriage rates
among children. This study revealed a high pharyngeal
carriage rate (16%) for GAS among healthy asymp-
tomatic Egyptian children. Carriage rate varies among
countries.'">!® The high carriage rate in our study may
be due to dissemination of GAS from one infectious
member to other members in overcrowded areas with
poor hygiene and lack of awareness. We found no sig-
nificant statistical association between GAS colonisa-
tion rate with gender and age subgroups, as reported in
other studies.>*

Reducing unnecessary antibiotic consumption is
needed to reduce the risk of emergence of antibiotic
resistant bacterial strains, which represents a consider-
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Table 5. The MIC results (ug/mL) of penicillin and erythromycin among the GAS isolates in the case group [No. of isolates with MIC

(ng/mL)].

Total
MiC 0015 0.03 006 0.12° 025 05 1 2 4 8 16 32 64 128 256
Penicillin 1 3 3 53 / / / / / / / / / / / 60

Erythromycin / / / 18 / 7 /

/ 6 7 / 3 3 / 16 60

MIC=minimal inhibitory concentration, *Penicillin MIC < 0.12 is considered sensitive to penicillin; "Erythromycin MIC <0.25 is considered sensitive to erythromycin.

able public health problem, particulatly in developing
counties.” North American guidelines for diagnosis of
GAS currently combine clinical judgement, throat cul-
ture and/or RADTs.® In this study, the McIsaac score
with a sum of 4 or more had a sensitivity of 78.3% and
a specificity of 73.2% for a confirmed GAS pharyngitis.
The Mclsaac score can be used to identify patients who
may need immediate antibiotic therapy, further tests
or follow up. Our study demonstrated a sensitivity of
81.7% and specificity of 93.9% for RADT, which may
allow rapid and reliable diagnosis of GAS.> However, a
negative RADT result should be confirmed by throat
culture, especially in countries with a high incidence of
post-streptococcal cardiac sequelae.*’

To date, S pyogenes has remained universally sus-
ceptible to penicillin. Therefore, penicillin remains the
first-line drug of choice for pharyngeal infections, as
well as for complicated or invasive infections.'” In the
current study, none of the GAS isolated from children
with acute pharyngitis were resistant to penicillin or
vancomycin, which is consistent with data from sev-
eral countries who reported 100% sensitivity to penicil-
lin and vancomycin.'”*'? In contrast, Telmesani et al'!
reported that only 48% of GAS isolates were sensitive
to penicillin among children 1-12 years diagnosed with
pharyngitis in Saudi Arabia.

The high MIC to penicillin (0.12 ug/mL) in up to
88% of GAS isolates among the case grouup in our study
is an alarming sign. This is in accordance with rising
MICs of penicillin (0.25-0.75 pg/mL) in 5% of isolates
in Mexico and 20.6% in India.?**®* On the other hand,
the highest rates of resistance were against macrolides
(70%), tetracycline (66.7%), and ceftriaxone (23.3%).
Prevalence of macrolide-resistant GAS varies among
different countries and from year to year, ranging from
2.6% to 98%.1021-22628 These high levels of resistance to
macrolides and tetracycline in this study may be due to
the frequent use of such antibiotics in our country.”’

The distribution of frequency of macrolide-lincos-
amide-streptogramin B (MLSB) resistance phenotypes
of GAS are quite different according to geographical
region. In this study, more than 50 percent of the eryth-
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Table 6. Comparison between susceptibility to macrolides and
history of recurrent attacks of tonsillitis and recurrent antibiotic
intake among case patients.

History of Susceptibility to
recurrent attacks macrolides
of tonsillitis P
and recurrent Sensitive,  Resistant,
antibiotic intake n=18 n=42
Negative, n (%) 16 (88.9%) 3(7.1%)
2<.001
Positive, n (%) 2(11.1%)  39(92.8%)

n=number, Fisher exact test, *statistically significant.

romycin-resistant GAS isolates exhibited the cMLSB
phenotype (constitutive resistance to macrolide-lin-
cosamide-streptogramin B). Similarly, the prevalent
MLSB resistance phenotype of GAS was cMLSB in
Central and Eastern European countries (60.5%).”
However, the rates of the M phenotype were 79.9% and
70.9% in Spain and Taiwan, respectively.?*°

In this study, we report a MIC90 of 256 pg/mL for
erythromycin-resistant isolates which represents a high
level of resistance of about 70% of GAS isolates among
case subjects. Moreover, this study showed that the re-
sistant strains for macrolides were isolated from chil-
dren with a history of recurrent attacks of tonsillitis or
pharyngitis and recurrent treatment courses with these
antibiotics. This might be due to the irrational use of
antibiotics in the Egyptian community. Antibiotics are
commonly dispensed from community pharmacies in
Egypt without medical prescription.”

As regards the antibiotic resistance pattern in carri-
ers of GAS in our study, all isolates were susceptible to
penicillin with an MIC90 of 0.03 pg/mL, vancomycin,
clindamycin, and ceftriaxone. However, 12.5% of iso-
lates were resistant to macrolides with MIC90 of 0.25
pg/mL for erythromycin and 37.5% to tetracycline.
Studies from different countries have also shown that
GAS isolates were sensitive to penicillin and other an-
tibiotics such as erythromycin, gentamycin, cephalexin
and amoxicillin,'”* The variation in antimicrobial resis-
tance pattern among countries might be due to isolates
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being collected at different seasons, differences in the
site of infection, the age of the patients and the geo-
graphical location.”

CONCLUSION

In conclusion, this study shows rising rates of GAS
infection among Egyptian children with tonsillitis and
pharyngitis and highlights the problem of asymptom-
atic GAS carriage in Egypt. Penicillin is still the treat-
ment of choice for GAS tonsillitis. However, we found a
high penicillin MIC90 (0.12 pug/mL) for GAS isolates,
which is an alarming sign. High frequency of resistance
to macrolides mainly of the M phenotype was observed,
especially among children with a history of recurrent at-
tacks of acute tonsillitis and recurrent antibiotic intake.

GAS IN EGYPTIAN CHILDREN

RECOMMENDATIONS

Further study with greater numbers of cases and con-
trols would provide a better overview of GAS infection
and better assessment of carriers with erythromycin-
resistance phenotypes. Molecular genotyping would
give better insights for detection of responsible genes
in macrolide resistance isolates. The McIsaac score (as a
sensitive and reliable clinical score) and RADT are po-
tentially useful adjuncts for diagnosis and could be used
to minimize the unnecessary use of antibiotics.
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