
ble at ScienceDirect

International Journal of Pediatrics and Adolescent Medicine 4 (2017) 119e123
Contents lists availa
HOSTED BY

International Journal of Pediatrics and
Adolescent Medicine

journal homepage: http: / /www.elsevier .com/locate/ i jpam
Invasive community-acquired methicillin-resistant Staphylococcus
aureus (CA-MRSA) infection in children: case series and literature
review

Omar Alzomor*, Tariq Alfawaz, Dayel Alshahrani
Section of Pediatric Infectious Diseases, Children's Specialized Hospital, King Fahad Medical City, Riyadh, Saudi Arabia
a r t i c l e i n f o

Article history:
Received 21 March 2017
Received in revised form
8 June 2017
Accepted 11 July 2017
Available online 13 September 2017

Keywords:
CA-MRSA
Invasive
Endocarditis
Children
* Corresponding author. King Fahad Medical City, P
Saudi Arabia.

E-mail address: alzomor55@gmail.com (O. Alzomo
Peer review under responsibility of King Faisal S

Centre (General Organization), Saudi Arabia.

http://dx.doi.org/10.1016/j.ijpam.2017.07.001
2352-6467/© 2017 Publishing services provided by Els
open access article under the CC BY-NC-ND license (h
a b s t r a c t

The majority of CA-MRSA infections present as skin and soft tissue infections such as abscesses or
cellulitis. However, CA-MRSA can cause invasive infections such as joint infections, necrotizing pneu-
monia or septicemia. Here we describe five cases with CA-MRSA bacteremia complicated with osteo-
articular infection, necrotizing pneumonia, and infective endocarditis. We report these case series to
outline the spectrum of invasive CA-MRSA diseases and to demonstrate clinical outcome. Early proper
intervention with regular revisiting the empirical treatment based on local susceptibility data is crucial.
More data on the risk factors for acquiring and spread of CA-MRSA in children are required.

© 2017 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Community acquiredmethicillin resistant Staphylococcus aureus
(CA-MRSA) infection in pediatrics is a growing issue global [1,2]. In
Saudi Arabia, CA-MRSA assessed in one retrospective study in
Outpatient children at a university hospital from 2005 to 2008;
they observed that 29.8% of clinical S. aureus isolates were CA-
MRSA, of these cases, 64.7% not associated with known risk fac-
tors [3]. A recent prospective study in 2015 done by F. Alaklobi et al.
reported that the rate of MRSA carriage between children in Riyadh
province was within the range reported internationally (23.2%) [4].
The data from the United States report that MRSA represents up to
76% of all group obtained Staphylococcus aureus separates in some
pediatric focuses [5]. Current reports depict progressively serious
infection on account of CA-MRSA with proposals that CA-MRSA
may bring about more extreme disease than group gained methi-
cillin sensitive Staphylococcus aureus (CA-MSSA) [1,2,6]. Most CA-
MRSA strains contain the harmfulness factor consider Panton-
Valentine leukocidin (PVL) [7]. Rates of invasive MRSA infections
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in children remain remarkably lower than what has reported in
adults. However, rates among the children increased about 10% per
year since 2005 [8]. As of late, there have been reports of obtrusive
CA-MRSA tainting pediatrics without hazard variables, with
confined instances of life-debilitating illness (1). MRSA bacteremia
can associatewithmetastatic sites of infection such as endocarditis,
osteomyelitis, epidural or psoas abscesses with associated mortal-
ity reach 30% [9], (2); also CA-MRSA can cause severe necrotizing
pneumonia in young, immunocompetent patients [10]. We report
these case series to outline the spectrum of invasive CA-MRSA
diseases and to demonstrate clinical outcome in five cases had
invasive disease was described Table 1.
2. Cases

2.1. Case 1

A five-year-old boy, presented with a history of fever and left hip
pain with inability to bear weight for two weeks, grew CA-MRSA
based on susceptibility. MRI showed bone and joint changes sug-
gestive of osteoarticular infection and gluteal abscess. Treated
initially with Teicoplanin where blood is sterilized?, then shifted to
clindamycin and rifampin to enhance local improvement and inci-
sion and drainage were done twice to evacuate the re-collected pus
at the gluteal region. Initial workup revealed blood white cell count
pecialist Hospital & Research Centre (General Organization), Saudi Arabia. This is an
s/by-nc-nd/4.0/).
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Table 1
Clinical characteristics of cases has invasive infection with CA-MRSA strains.

Gender Origin Infection site Risk factor Treatment Complication Outcome

5 years Male Saudi Blood stream infection/Left femur
osteomyelitis/gluteal abscess

No IV piperacillin-tazobactam þ IV cloxacillin x 4 days
then Teicoplanin x 10 days.

No Good

IV Clindamycin þ IV Rifampicin x 4 weeks þ Irrigation
and debridement
PO Clindamycin x 2 weeks

3 years Male Saudi Blood stream infection/infective
endocarditis

No IV Vancomycin x 6 weeks No Good
IV Gentamicin þ IV Rifampicin x 2 weeks

10 years Male Saudi Blood stream infection/Right hip septic
arthritis

No IV Vancomycin x PO Clindamycin No Good

4 years Female Saudi Blood stream infection/Right hip septic
arthritis/lung abscess/infective
endocarditis

CVC for TPN Piperacillin - tazobactam and vancomycin (Empirical) No Good
IV Gentamicin
IV Clindamycin
Enoxaparin sodium
Aspiration plus arthrotomy and debridement

2 years Male Saudi Blood stream infection/left knee septic
arthritis/Left
femur osteomyelitis

No IV Vancomycin x 6 weeks No Good

Fig. 1. Bilateral hip MRI showed Soft tissue thickening and edema with mild enhancement at the left hip joint extending to the right hemi-pelvic muscle in keeping with residual
infection/partially treated osteomyelitis A. Small collections seen at antro-lateral aspect of left femoral head measuring 1 � 0.7 cm. B. Small collection at left sub gluteus region
measuring 1.3 � 6 cm.
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was 10� 109/L, the erythrocyte sedimentation rate (ESR) 120mm/h.
Clinical improvement was lacking for two weeks, and repeated MRI
showed soft tissue thickening with enhancement in keeping with
partially treated osteomyelitis, anterolateral of the femoral head and
subgluteal region collection with mild lateral subluxation of the
femoral head was noted (Fig. 1A and B). After one month of contin-
uous intravenous therapy, the patient showed marked clinical
improvement. Moreover, inflammatory markers were going down
accordingly. Medications were step-down to oral clindamycin, and
complete clinical improvement and radiological resolution were
noted at three months follow-up.
2.2. Case 2

A three-year-old boy, presented with prolonged fever and
decreased activity, with no clear focus, blood culture revealed
MRSA which only resistant to clindamycin. Vancomycin initiated
initially, but with no level adjustment. Fever continued with
continuing bacteremia, laboratory workup showed that a white
blood cell count of 8.3 � 109/L, hemoglobin 7.5 g/dL, and a platelet
count of 226 � 109/L, erythrocyte sedimentation rate (ESR) 42 mm/
h, The serum C-reactive protein (CRP) level was 3.2 mg/dL (normal,
<0.5 mg/dL). A chest radiograph was unremarkable, while
Transthoracic echocardiography disclosed mild tricuspid regurgi-
tation, normal LV function, and vegetation found on the right
ventricle: at the tricuspid valve with a size of 11.1� 8.2 mm (Fig. 2).
So MRSA native valve infective endocarditis verified, where van-
comycin level adjusted as treating continues bacteremia and
gentamicin, and rifampin added. Fever and bacteremia resolved
after 13 days from starting the combined therapy, repeated in-
vestigations did not show extend focus. The patient was stepped
down to monotherapy (vancomycin) after clearance of bacteremia,
where therapy discontinued after a course of 8 weeks with gradual
resolution of heart vegetation on echocardiography follow-up.
2.3. Case 3

A 10-year-old boy, known to has a nephritic syndrome. Pre-
sented with a history of right thigh pain with inability to bear
weight for a one-month duration, with a one-week history of fever.
Initial workup showedWBC 7.4 x109/L with 72% Neutrophils, ESR of
74mm/h and serum C-reactive protein 182mg/dl and Blood culture
grew MRSA with full sensitivity, MRI demonstrated right hip septic
arthritis with effusion and right femur osteomyelitis (Fig. 3). Patient
treated with intravenous vancomycin then soon shifted to oral
clindamycin with smooth clinical improvement.



Fig. 3. MRI right thigh showed Abnormal T2 signal intensity of the upper right femur
associated with right hip joint effusion and abnormal deep muscular signal intensity.
These findings correspond to acute osteomyelitis.
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2.4. Case 4

A four-year-old girl, a case of enteropathy on total parenteral
nutrition through a central venous catheter (CVC) was presented
with a history of fever along with an inability to bear weight with
marked movement limitation at the right hip joint for three days.
Initial workup demonstrated: white blood cells count 8.5 x 109/L
with 90% neutrophils, hemoglobin 8 g/dl, platelets 95 x 109/L. ESR
84 mm/h and serum C-reactive protein 214 mg/dl, and blood cul-
ture centrally and peripherally revealed MRSA which was fully
sensitive, septic arthritis with effusion on the right hip was
approved radiologically, where the patient underwent debride-
ment and drainage procedure with negative fluid and tissue cul-
ture. Vancomycin and gentamicin initiated. Clinical improvement
with a clearance of bacteremia documented, but after twoweeks on
treatment patient developed respiratory symptoms where CT chest
demonstrated right side lung abscess (Fig. 4). Transthoracic echo-
cardiography at day seventeen of admission showed vegetation at
the inferior vena cava and right atrium junction for which central
line removed, then after the patient showed stable clinical condi-
tion till he finished the treatment course.
2.5. Case 5

A 2-year-old boy, who has a speech delayed and behavioral
disorder is presented with a history of left knee pain with inability
to bear weight for three days duration, proceeded by a history of
trauma with a small abrasion on the same site one day before
presentation. Initial workup showed WBC 13 x109/L with 71%
Neutrophils, ESR of 120 mm/h and serum C-reactive protein
186 mg/dl and Blood culture grew MRSA with full sensitivity, MRI
demonstrated severe septic arthritis and osteomyelitis involving
the lower femoral epiphysis and metaphysis with surrounding
widespread soft tissue inflammation. The patient started on intra-
venous vancomycin then joint aspiration was done where synovial
fluid culture revealed no growth. Patient completed six weeks
Fig. 2. Transthoracic echocardiography showing tricusp
duration of intravenous vancomycin with a complete clinical res-
olution without any noted sequelae.
2.6. Microbiological data

Methicillin resistance was defined by minimum inhibitory
concentration using the PHOENIX system (Becton Dickinson Com-
pany) and confirmed with the E-test methods and interpretation
guidelines of the Clinical and Laboratory Standards Institute (CLSI).
The four MRSA isolates had similar antibiotic susceptibility pat-
terns, with resistance to oxacillin and susceptibility to erythro-
mycin, clindamycin, ciprofloxacin, rifampin, vancomycin,
trimethoprim-sulfamethoxazole, and linezolid. Deviation from
this sensitivity pattern observed in one isolate with resistance to
clindamycin with oxacillin. The isolates were not obtainable for
molecular characterization.
id valve vegetations with a size of 11.1 � 8.2 mm.



Fig. 4. CT scan of the chest: abscess formation in the right lower lobe associated with
airspace infiltration and mild right pleural effusion.
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3. Discussion

We have portrayed clinical signs of five invasive instances of CA-
MRSA disease in pediatrics. Common clinical disease entities
included osteomyelitis/arthritis; deep-seated abscess, necrotizing
pneumonia, and invasive endocardium involvement also demon-
strated. No known risk factors noted except in one patient where
she has a central venous catheter for total parenteral nutrition. All
cases did not end with mortality or disabilities. In one review of a
United States incidence of CA-MRSA infection increased in children
between 2005 and 2010. The incidence rate of invasive CA-MRSA
infection per 100,000 children grew from 1.1 in 2005 to 1.7 in
2010 [8]. The five cases portrayed here, delineate the potential
destructiveness of CA-MRSA. Four patients gave components of
osteomyelitis with quick progression in one patient and develop-
ment of pyomyositis. Deep venous thrombosis has progressively
seen in youngsters in relationship with osteomyelitis because of
S. aureus containing the PVL genes [11], the things that not seen in
our reported cases. There are negligible information on molecular
characteristics and kind of normal MRSA strains in Saudi people
group, however as of late noted there is an expansion in the
quantity of patients with CA-MRSA. Bukhari-Huda et al. reported
that CA-MRSA accounted for 33% (15/45) of the total MRSA cases
from King Fahad Hospital, 40% of themwere younger than 18 years
of age [12]. EE Bukhari et al. did a retrospective review. King Khaled
University Hospital in Riyadh reported that over three years, only
five cases (5/80) of invasive CA-MRSA infections identified without
reported deaths [6]. Among the reported pediatric invasive CA-
MRSA infections in Taiwanese children, 18/31 (58.1%) children had
bone/joint infections. The lower limbs were the most affected sites
and included the hip joint in 10 (55.6%), femur in 5 (27.8%), tibia in 3
(16.7%), and fibula in one (5.6%). Deep-seated soft tissue infections
including pyomyositis and necrotizing fasciitis involving predomi-
nantly the lower limbs and abdomen identified in 45.2% in the same
study [13]. In this report, same findings were there where hip
involvement was there in three cases, and the outcome was un-
eventful in all. Pneumonia caused by CA-MRSA is uncommon but
potentially severe, S. aureus necrotizing pneumonia is associated
with young, immunocompetent patients [10]. We identify pulmo-
nary involvement with musculoskeletal infections in one case
demonstrated to have a lung abscess (patient 4). There have been
increasing cases of infective endocarditis (IE) caused by CA-MRSA
in adult patients; however, just a few clinical cases have
described in children [7,11,14]. In one prospective study done in
Northwestern Ontario detected cases of positive CA-MRSA bacter-
emia in 2012 and 2013, 23 cases of CA-MRSA bacteremia managed
through a 2-year study period, intravenous drug use accounted for
only 17% of cases. One death and 2 cases of endocarditis occurred
[15]. Although pre-existing congenital heart diseases is the domi-
nant risk factor for childhood IE, there were growing indications of
a continuous shift of IE amongst children without cardiac anomaly
[16,17]. In the presented cases, we identify two cases with IE, (Pa-
tient 2) who had no pre-existing cardiac anomaly, no skin lesions
were detected. (Patient 4) Has a risk factor representing in a central
venous catheter for total parenteral nutrition. The deferred utili-
zation of compelling anti-infection agents may add to genuine
entanglements and demise [18]. Vancomycin prescribed forever
undermining infections suspected to be MRSA [19]. Four of our
announced patients got vancomycin treatment as an initial treat-
ment. Clindamycin is dynamic against MSSA and most strains of
CA-MRSA. Success reported in the treatment of invasive CA-MRSA
in children, including osteomyelitis, septic arthritis, pneumonia,
and lymphadenitis [19]. Be that as it may, Clindamycin is bacte-
riostatic agents and not prescribed as monotherapy of extreme
staphylococcal sepsis. Additionally, D-test ought to be performed
before clindamycin treatment for erythromycin-resistant isolates to
recognize clindamycin inducible resistance with potential treat-
ment disappointment. [20] Open debridement may be necessary in
cases of suspected hip sepsis osteoarticular infection, particularly in
children. [21] The ideal term of treatment relies on upon serious-
ness and site of infection, individual reaction to treatment and
specific host components, for example, immunocompromised sta-
tus. Patients like the detailed cases who have extreme sepsis,
osteomyelitis, and pneumonic empyema/septic emboli may require
a month and a half or a greater amount of treatment. The emer-
gence of CA-MRSA strains in Saudi Arabia implies that the likeli-
hood of methicillin resistance must consider while choosing the
empiric treatment for serious assumed S. aureus infections.

4. Conclusion

Invasive CA-MRSA infections can arise in otherwise healthy in-
dividuals who do not have any risk factors which make it one of the
virulent organisms. Invasive disease can include bacteremia asso-
ciated with metastatic sites of infection such as endocarditis,
osteomyelitis and necrotizing pneumonia. Prevalence of CA-MRSA
appears to be variable, however, with this invasive set of condi-
tions, we believe that awareness of the broad spectrum of CA-MRSA
disease among the health care provider is essential where early
identify and starting effective empirical therapy is crucial. The
outcome with early proper conduct as reported in this case series
was favorable. More data on the risk factors for acquisition and
spread of CA-MRSA in children are required.
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