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Abstract

Background: Viridans group streptococci (VGS) are often considered organisms of low virulence;
however, infection can result in clinically significant sepsis and life-threatening complications in

paediatric patients.

Objectives: To describe the spectrum of clinical presentation of VGS bacteraemia in paediatric

patients, to analyserisk factors, and to describe the antibiotics resistance patterns of VGS.

Methods: Cultures of VGS in paediatric patients admitted to Chris Hani Baragwanath Academic
Hospital in 2019 were retrieved from NHLS data base. Data was extracted from archived clinical

records and analysed. Sepsis scores were calculated at the time of bacteraemia.

Results: 133 cultures were identified; 64 (48.1%) polymicrobial cultures (64) and no records 4
(0.03%) were excluded; 65 (48.9%) were analysed. The median age was 1.5 months (range 0.03
to 168, Interquartile range (IQR) 0.2 to 13.25), 27/65 (42%) were neonates. The median duration
of hospitalisation was seven days (IQR 3 to 21). The commonest diagnoses were neonatal sepsis
30.8% (n=20) and pneumonia 28% (n=18). The systemic inflammatory response syndrome (SIRS)
score was >2 in 57% (16/28) patients; paediatric sequential organ failure assessment (pSOFA)
score was >2 in 10/24 (42%). Fifty-seven (88%) patients were discharged; three (5%) required
ICU admission and 8/65 (12.3%) died. Malnutrition was present in 50% of patients who died.
Cephalosporins and penicillin had susceptibility of 89% and 55% respectively.

Conclusion: VGS bacteraemia was common in neonates, and pneumonia was a common
presentation in this cohort outside the neonatal period. VGS bacteraemia was associated with

morbidity and deaths in this cohort.

Contribution: VGS should be considered a significant organism when cultured and routine

antibiotic susceptibility testing should be performed. Prospective studies are recommended.



Introduction

The viridans group streptococci (VGS) are Gram-positive cocci in chains (1,2) with at least 30
recognised species (2). They are part of the normal flora of the oropharyngeal, urogenital,
gastrointestinal tracts (2) and skin (3) . When cultured from sterile sites the question of their
pathogenicity often occurs (4). Although still largely considered to be a contaminant, it can cause
life-threatening conditions in neonates, children and even adults (1,5); as many as 32% isolates
have been shown to be of clinical significance (5). It can cause invasive disease in
immunocompromised paediatric patients (5), such as HIV infected patients, neonates and cancer
patients undergoing chemotherapy or stem cell transplant (2,6,7). There is very limited literature
on this organism other than in patients with malignancies undergoing chemotherapy or stem cell

transplant.

Methods to determine if VGS cultured are true pathogens or contaminants include; i) the number
of positive blood cultures in a set, (in true bacteraemia there is often multiple positive cultures of
the same organism) (8), ii) the time to positivity of cultures (cultures which become positive after
three to five days are more likely to be contaminants) (9), and iii) clinical features like fever,
hypothermia, low or high white cell count and hypotension predict true infection as opposed to

contaminant (10).

There is ongoing debate on the definition of sepsis. The third consensus for sepsis which was
published in 2016 defines sepsis as life-threatening organ dysfunction caused by a dysregulated
host response to infection (11). Clinical sepsis scores may be used as indicators of sepsis in
patients. The systemic inflammatory response syndrome (SIRS) score requires two of four criteria
and proven infection, the criteria being: i) fever or hypothermia, ii) tachycardia, iii) tachypnoea
and iv) leucocytosis or leukopenia (11) . Infection is defined by laboratory documentation of a
pathogen by positive culture, tissue stain or PCR test, or a clinical syndrome associated with a high
probability of infection (12). The paediatric sequential organ failure assessment (pSOFA) is a
better predictor for mortality and has a higher sensitivity for severe infection compared to SIRS
(13). The pSOFA score has six organ specific criteria, with each criterion scored from 0 to 4

according to severity with a maximum score of 24. The scoring criteria are i) renal function



(creatinine), ii) cardiovascular (mean arterial pressure), iii) respiratory (PaO2:FiO2 or
SpO2:Fi02), iv) haematological (platelets), v) hepatic (bilirubin), and vi) neurological (Glasgow
coma scale). The pSOFA score showed excellent discrimination for in-hospital mortality in a
general PICU (paediatric intensive care unit) population and in the subgroup of patients with
suspected or confirmed infection (14). However, pSOFA is not well validated especially for
patients outside the PICU setting (11).

Biomarkers are often used in the diagnosis of sepsis, but there are limitations. C-reactive protein
(CRP) as a sepsis biomarker has poor specificity to differentiate between bacterial, viral, and non-
infectious inflammatory conditions (12). It is useful when used in combination with other
biomarkers and to assess response to therapy. White blood cell (WBC) count increase is indicative
of inflammation and infection (15). However, both WBC count and CRP can be altered in several
clinical conditions, such as any blood disorders and in inflammatory non-infective disorders.
Additionally, the WBC count could be normal or even decreased in some cases of sepsis. Thus,
total WBC has a poor specificity, which limits its usefulness as a biomarker of sepsis (15,16) . The
test performance of total white blood cell count have been variable, with the reported sensitivities
and specificities for the commonly used total white blood cell count threshold in paediatric patients
of greater than 15x10° /L ranging from 38% to 86% and 53% to 85%, respectively (17). The

normal range of WBC count in neonates is often higher at 9 to 30x10° (18).

The aim of this study was to determine the clinical spectrum of presentation and clinical
significance of VGS bacteraemia in paediatric patients using sepsis scores and biomarkers, and to

determine the resistance patterns of VGS in these patients.
Methods

This was a retrospective descriptive study for the period 01 January 2019 to 31 December 2019.
All paediatric patients from birth to 14 years of age admitted to the Chris Hani Baragwanath
Academic Hospital (CHBAH) during this period and who cultured VGS from bodily fluids such
as cerebrospinal fluid (CSF), blood and abscess aspirate were considered eligible. Children with
polymicrobial cultures on the same sample and those whose clinical records could not be traced
were excluded from the study. Lists of positive cultures were obtained with permission from the

National Health Laboratory Service (NHLS) microbiology department. Archived inpatient files



and electronic discharge summaries were retrieved with permission to obtain clinical data.
Information on susceptibility of the organisms was obtained from NHLS LIS (laboratory
information system). SIRS and pSOFA scores were calculated for each patient at the time of
positive culture. A CRP value of 10mg/L or more was suggestive of infection. Data was analysed
using Statistica.

Ethical considerations

The study was approved by the Human Research Ethics Committee (HREC) at the University of
the Witwatersrand, approval number: M210538; approval was also obtained from the hospital.

Definitions

Underweight: classified according to world health organization (WHO) growth chart as weight for

age less than -2 standard deviation (SD).

Stunted: classified according to WHO growth charts as height for age z score less than -2 SD.
Wasted: classified according to WHO growth charts, weight for height Z score less than -2SD.
Nosocomial sepsis: VGS isolated in patients with sepsis more than 48 hours post admission.

Probable meningitis: CSF with elevated cell count and/or protein and/or CSF glucose <60% blood

glucose, with no organism identified on culture and/or PCR(19).

Confirmed meningitis: CSF with elevated cell count and/or protein and/or CSF glucose <60%

blood glucose, and an organism identified on culture and/or PCR(19).
Results

VGS was cultured in 133 specimens from paediatric patients during the study period, 65/133
(48.9%) patients were included in the study after excluding polymicrobial cultures 64/133
(48.1%) and those with no clinical records 4/133(3%), figure 1.
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Figure 1. Flow diagram of case selection

There were 35 (53.8%) female patients. The median age of the patients was 1.5 months (IQR 0.2
to 13.3), and 27 (41.5%) patients were neonates. Ten (15%) patients were HIV exposed with one
HIV infected. The HIV infected patient was newly diagnosed and antiretroviral treatment naive.
Sixty-two (98.4%) patients were HIV uninfected. Four patients (6.2%) were oncology patients
receiving chemotherapy. The median weight for age (WFA) Z score in 61/65 was -1.0 (IQR -2.0
to 0.0); 19 (29.2%) patients were stunted, and median weight for height (WFH) in 51/65 was 0.0
Z score (IQR -1.5 to 0.0) with 12 (18.5%) patients wasted, table 1.
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Table 1: Patients’ clinical demographics

Gender
Male, n (%) 29 (44.6)
Female, n (%) 35 (53.8)
Unknown, n (%) 1(1.5)

Age (months), Median (IQR) 1.5 (0.2-13.25)
Neonates (<28 days), n (%) 27 (41.5)
Infants (>28 days to <1 year), n (%) 19 (29.2)
Children (>1 year to <14 years), n (%) | 19 (29.2)

HIV status
Uninfected, n (%) 62 (95.4)
Unknown, n (%) 2(3.1)
Infected, n (%) 1(1.53)

WEFA z-score, Median (IQR) -1.0 (-2.0; 0.0)
Normal, n (%) 42 (64.6)
Underweight, n (%) 19 (29.2)
Unknown, n (%) 4(6.2)

HFA z- score, Median (IQR) -1.0 (-2.0; 0.0)
Normal, n (%) 32 (49.2)
Stunted, n (%) 19 (29.2)
Unknown, n (%) 14 (21.5)

WFH z- score, Median (IQR) 0.0 (-1.5; 0.0)
Normal, n (%) 39 (60)
Unknown, n (%) 14 (21.5)
Wasted, n (%) 12 (18.5)

Clinical diagnosis
Neonatal sepsis, n (%) 20 (30.8)
Pneumonia, n (%) 18 (27.7)
Nosocomial sepsis, n (%) 10 (15.4)
Acute gastroenteritis, n (%) 8 (12.3)




Malignancy, n (%) 4(6.2)
Meningitis, n (%) 2 (3.1)
Submandibular abscess, n (%) 1(1.5)
Tonsillitis, n (%) 1(1.5)
Seizures, n (%) 1(1.5)
Outcomes

Discharged, n (%) 57 (87.7)
Demised, n (%) 8 (12.3)
Admitted ICU, n (%) 3 (4.6)

WFA= weight for age; HFA= height for age; WFH= weight for height

The most common clinical diagnoses were neonatal sepsis in 20 (30.8%); and pneumonia was
documented in 18 (27.7%) patients outside the neonatal period. Nosocomial sepsis and acute
gastroenteritis occurred in 10 (15.4%) and 8 (12.3%) patients respectively, table 1. The median
duration of hospital stay was seven days (IQR 3 to 21). VGS were isolated from blood cultures in
62 (95.3%), 2 (3.1%) from cerebrospinal fluid (CSF) and 1 (1.5%) from abscess aspirate. The
median time to positivity of the blood cultures was 12.5 hours (IQR 8 to 20). Fifteen (55.6%) of
the neonatal cultures were performed in the first 72 hours of life. CRP was elevated within 48
hours of culture in 53.7% (22/41) with a median value of 10 (IQR 1 to 27; range 0 to 304). In
neonates, the median white cell count was 12.08 (IQR 8.9 to 14.9) and for children post neonatal
period 10.2 (IQR 7.58 to 15.4) (see table 2). Five (7.7%) of the patients in this study were
neutropenic (neutrophil count <1.5x10°% of which 2/5 (40%) were oncology patients receiving
chemotherapy with nosocomial neutropenic sepsis and one was a neonate with neonatal sepsis. All
the neutropenic patients survived the sepsis episode. VGS meningitis occurred in two infants, both
were hospital acquired, one died in ICU and the other survived to discharge. Three patients had
presumed meningitis with VGS bacteraemia and CSF chemistry suggestive of meningitis, but the
organism was not cultured in the CSF. Antibiotic susceptibility testing was performed in 57/65
(87.7%). Antibiotic susceptibility for third generation cephalosporins was 50/56 (89%) susceptible
and five (8.9%) resistant and one intermediate susceptibility. Penicillin resistance was 45.8%
(5/11). Ten of sixty-five (15.4%) of the specimens were tested for vancomycin susceptibility and

were all sensitive.
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Table 2: Laboratory investigations

Specimen type

Blood culture n (%) 62 (95.3%)
CSF culture n (%) 2 (3.1%)
Abscess aspirate n (%) 1 (1.53%)

Time to positivity of cultures (hours), median (IQR) 12.5 (8 to 20)
Leucocytes (x10%L), median (IQR),

Neonates, n=22 12.1 (8.9 to 14.9)

Children >28 days, n=32 10.2 (7.58 to 15.4)
Neutrophils (x10%L), median (IQR), n=54 6.07 (2.45 to 7.56)
Lymphocytes(x10%/L), median (IQR), n=54 4.1 (2.67 t0 5.68)

Platelets (x10%/L), median (IQR), range n=54 279 (195 to 421)
CRP (mg/L), median (IQR), n=41 10 (1 to 27), range O to 304
CSF, n=26

Normal 21

Probable meningitis 3

Confirmed meningitis 2

The SIRS score could be assessed for 28 (43%) patients; mean SIRS score was 1.7, range 0 to 4.
Sixteen (57.1%) had a significant SIRS score of two or more. The pSOFA could be calculated in
28 (43%) patients, median score was 1 (IQR 0 to 4). Severe complications occurred in 10 (15.4%)
of the patients, three required intensive care unit (ICU) admission and 8/65 (12.3%) patients died.
Of the patients who died, 4/8 (50%) had pneumonia and 4/8 (50%) had nosocomial sepsis (table
3). Antibiotic use was documented in 32 (49.2%) patients. The median duration of antibiotics use

was 5 days (IQR 5 to 7). Table 3 shows the characteristics of the patients who died.

Table 3. Clinical and laboratory characteristics of deaths associated with VGS bacteraemia.
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Neg= Negative; Pos= Positive;

NOS= nosocomial sepsis; CHD= congenital heart disease;

BPD= bronchopulmonary dysplasia; NC= Not calculable (missing data)
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Discussion

The clinical significance of VGS bacteraemia in immunocompetent paediatric patients has not
been documented before at this site. This study describes the clinical spectrum and outcomes in
paediatric patients with VGS bacteraemia and the antibiotics resistance patterns of the organism
over a one-year period. Except for the neonatal group, this study included immunocompetent

children; HIV infection and malnutrition were not the predominant patient profile.

In this cohort, neonatal sepsis was the most common clinical presentation; this is similar to other
studies (7), including two previous studies from the same site (20,21). Mangeni et al reported VGS
was the most common isolated bacteria in neonates presenting from home with neonatal sepsis
(21), while Velaphi et al reported VGS to be the most common bacterial cause of early onset
neonatal sepsis after Group B streptococcus (20). VGS sepsis in neonates is most likely because
of their immunocompromised state (22). Since VGS is not normal flora of the newborns skin (7),
it is likely that the VGS cultured from the neonatal group in this cohort represent true infection. In
our cohort, pneumonia was the second most frequent clinical manifestation; this clinical
manifestation has been documented in other studies (7,23). Few cases of viral acute gastroenteritis
(AGE) resulting in secondary VGS bacteraemia have been reported (24,25). We could not find
any literature reports of VGS as primary cause of AGE. Also, we could not determine in our study
whether the AGE was primary or secondary. In a large multicentre study of adult and paediatric
patients in America, streptococcus species accounted for 5.9% of nosocomial infections with the

most common being VGS.

, streptococcus species accounted for 5.9% of nosocomial infections with the most common being
VGS (26). Contrary to other reports (6,7), the patients with oncological conditions recovered from
VGS bacteraemia. However, this should be interpreted with caution because of the small sample
size and the exclusion of polymicrobial cultures from this study. Similarly, the absence of cases
with infective endocarditis may be because of the small sample size, decreased prevalence rates of
the disease, improvements in oral hygiene and the use of prophylactic antibiotics for dental
procedures (27). Risk factors for VGS bacteraemia have been described in neutropenic patients
including mucositis, use of proton pump inhibitors and previous use of cotrimoxazole (2); this data

was not collected in this study.
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It is unlikely that this cohort of VGS bacteraemia were contaminants based on the selection criteria
of single organism culture. In addition, the clinical findings and time to positivity of less than 24
hours support true infection (9). However, the CRP and WBC as biomarkers of infection were not
routinely elevated in this cohort. The limitations of these tests have been discussed before (15,17).
The sepsis scores could not be calculated for some patients because it requires tests which were
not performed or documented; this is a limitation of its use in clinical practice especially in
developing countries (28). The same study found pSOFA to be a better predictor of death than
SIRS score (28). In our cohort the pSOFA and SIRS score yielded different results in patients in
which it could be calculated, the SIRS score suggested sepsis in some but the pSOFA score was
not suggestive of sepsis. The invasiveness of the organism as shown by the CSF results also

supports true infection.

Some studies have reported a median case fatality rate of 10% (range 0 to 50%) (7). In this study,
12% of the patients died. As some of the deaths recorded in our study occurred a considerable time
after the organism was cultured, not all of them could be definitively attributed to VGS
bacteraemia. Prematurity, malnutrition and underlying chronic illnesses could be contributory

factors in the causation of death.

Of concern is the high rate of penicillin resistance compared to previous reports from South Africa
(29), particularly since this is Ampicillin is often used as the first line antibiotic for community-
acquired infections. We recommend routine antibiotic susceptibility testing to inform antibiotic
choice. The antibiotics susceptibility testing was inconsistent as it was performed at the discretion

of the microbiologist and at times in consultation with the treating clinician.

Larger, prospective studies are recommended to analyse sepsis biomarkers and determine risk

factors for death in paediatric patients with VGS bacteraemia.
Study limitations and strengths

This study is limited by its retrospective nature and sample size. It was not designed to show
causation of disease or powered to analyse risk factors for mortality. In addition, not all specimens
had susceptibility testing done, this limits recommendations. The absence of clinical information
for some cases is a further notable factor that limits the interpretation of the data and of sepsis

scores. Despite these limitations this study has some strengths. It is unlikely that some of the VGS
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was missed since subspecies were included in the data provided by NHLS. Single pure cultures
were analysed and polymicrobial cultures excluded. This study represents a diverse paediatric

patient population with different age groups and includes oncology and non-oncology conditions.

Conclusion

VGS is often viewed as a contaminant when cultured. However, VGS bacteraemia is associated
with serious complications including death. Further prospective studies with larger patient

samples are required to be able to determine the significance of VGS.
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1. Introduction

The viridans group streptococci (VGS) are gram positive cocci in chains (1,2) with at least 30
recognised species (2). They are considered to be normal flora in oropharyngeal, urogenital and
gastrointestinal microbiota (2) and sometimes on skin, especially in children (3). They are often
considered to be of low virulence because they do not produce endo and exotoxins, and in healthy

individuals considered to be protective against colonization by pathogenic organisms (1,4).

However, they can cause life threatening conditions in neonates, children and even adults (1, 4),
as many as 32% isolates have been shown to be of clinical significance in one study (4). They have
been shown to cause clinically significant bacteraemia and other significant invasive disease in
immunocompromised paediatric patients (4), these include HIV positive patients, neonates and
cancer patients undergoing chemotherapy or stem cell transplant (2,5,6). JL Shapen suggests that
viridans streptococci are a leading cause of neonatal sepsis and meningitis. The normal flora of the
female genital tract contains Streptococcus viridans, which are a common cause of
chorioamnionitis and septic abortion. In some institutions, the incidence of VGS bacteraemia and
meningitis exceeds that seen from group B streptococci, although VGS infections are usually less

severe (7).

A ten-year review done at a paediatric hospital in the UK showed that VGS bacteraemia can result
in VGS septic shock syndrome which carries an ICU admission rate of 64% and up to 23%
mortality rate (6). It is the third most common cause of bacteraemia in HIV patients (8) and the
third most common cause of bacteraemia globally in patients undergoing chemotherapy and those
with haematopoietic stem cell transplant (6). A study done in a children’s hospital Edmonton
Alberta over 19 years found S viridans to be the second most common cause of infective
endocarditis in children (9). S viridans is responsible for 0.3%-3% of the cases of adult bacterial
meningitis, and 1% of those occurring in children. S viridans is also responsible for: pulmonary
infections (especially in patients with cystic fibrosis), abdominal abscesses, sepsis in

immunocompromised patients, neonatal sepsis, and osteomyelitis (10).

There were previously 18 recognised species of VGS (11) the number has risen to at least 30
species (2). A molecular method is used to define taxonomy of VGS based on genetic relatedness

(12). S. mitis is the most commonly isolated species (41%) in neutropenic patients followed by S.
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sanguis (22%) (11). S. mitis is also the leading cause of viridans streptococci shock syndrome (9).
S viridans endocarditis can be accounted for by four species S. oralis, S. sanguis, S. gordonii and
S. bovis (12). S viridans on its own has rarely been described as a cause of pneumonia but has been
isolated from empyema and lung abscesses. The S. milleri group is commonly described as a cause
of suppurative infection (13). Viridans streptococci typically cause non-pyogenic infections such
as bacteraemia. Streptococci intermedius group organisms cause invasive pyogenic infections

including bone infections, brain abscesses, appendicitis, and pulmonary and abdominal abscesses
(7).

VGS are thought to get into the blood stream when mucosal barriers are compromised which could
be due to neutropenia, chemotherapy, mucositis, and alteration in stomach pH. Thus, the use of
proton pump inhibitors, mucositis and some chemotherapy drugs were found to be risk factors in
neutropenic patients. Nielsen et al found that in children with malignancy, relapsed acute
lymphoblastic leukaemia has the highest risk for VGS bacteraemia (6). No risk factors were found
in healthy patients (5). There is also increased risk of HIV patients getting VGS sepsis, with a
study done in an academic hospital in Ethiopia showing 6% of patients younger than 18 years had
VGS as the third most common infection after Staphylococcus aureus and coagulase negative
staphylococcus (8). The use of quinolones increased the risk of VGS bacteraemia in children with
acute myeloid leukaemia (14), especially in neutropenic patients (5). The prior use of vancomycin

was found to be protective against S Viridans septicaemia (5).

VGS were previously considered to be susceptible to penicillin but recent studies have shown an
increase in resistance globally. Some studies have found 20% resistance to penicillin (15). In a
South African study, they found that there was up to 38% resistance of VGS to penicillin (16).
There has also been an increase in resistance to erythromycin which is used as an alternative in
patients who are allergic to penicillin (12). Tetracycline resistance has been reported as 41% in
South Africa (16) and as high as 70% in Taiwan (15). Resistance to 4™ generation cephalosporins
ranged from 14% to 34% (16). Prior use of beta lactam antibiotics was the only factor significantly
associated with cephalosporins resistance. Vancomycin, imipenem, ceftriaxone and cefotaxime
had the best susceptibility in a South African study of 211 VGS isolates from blood cultures
collected from three Johannesburg hospital laboratories (16). Vancomycin had 97% susceptibility

in a study in USA (18). Cancer patients were also found to be more likely to culture resistant VGS
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species, with trimethoprim-sulphamethaxazole resistance at 36% in this group of patients

compared to 17% in the rest of the population (18).

Several studies have suggested that up to about 40% of positive blood cultures may represent
contaminants (19), the numbers can be higher in infants and children (20). A study done by
Weistein found that VGS was a pathogen in only 38% of the positive cultures (21). Several
methods have been used to differentiate positive blood cultures due to pathogens and those due to
contaminants. These include number of positive blood cultures in a set, in true bacteraemia there
is often multiple positive cultures, this is not useful when a single culture was done (22). Time to
growth is another important factor with several studies showing that cultures which become
positive after 3 to 5 days are more likely to be contaminants (20). Weistein also found that clinical
features like fever, hypothermia, low or high white cell count and hypotension predicted true
infection as opposed to contaminant (21). VGS are not usually part of the flora of the newborns’
skin and should therefore be considered as potential pathogens when isolated from normally sterile

sites in newborns (7).

There is no literature in South Africa on the clinical presentation of VGS bacteraemia in children,
and most international data is on neonates and oncology patients. Currently at Chris Hani
Baragwanath Academic Hospital (CHBAH) it is often considered to be a contaminant than true
indication of bacteraemia in most patients. This is a topic which needs exploration to see the
clinical significance and spectrum of presentation of paediatric patients with blood cultures and

other sterile fluids positive for VGS.

2. Aims and objectives

2.1 Research question

How common is VGS bacteraemia and what is the pattern of clinical presentation of children with
VGS bacteraemia at CHBAH?

2.2 Aim
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The aim of this study is to describe the spectrum of clinical presentation of VGS bacteraemia in

paediatric patients and to analyse risk factors associated with morbidity and mortality from VGS.
2.3 Objectives

a) To define the spectrum of clinical presentation of VGS in paediatric patients (0 to 14 years)
at CHBAH.

b) To describe the risk factors for VGS bacteraemia.

c) To describe the antibiotics resistance patterns of VGS.

2.4 Secondary objective

To compare white cell count (WCC) and C reactive protein (CRP) in immunocompromised

compared to immune competent patients with VGS bacteraemia.

3. Methods

3.1 Study design

It will be a retrospective descriptive study over a one-year period from 01 January 2019 to 31
December 2019. The clinical records and National Health Laboratory Service (NHLS) data base
will be reviewed to establish the clinical presentation and outcomes in children, and to describe

the resistance patterns of Streptococci Viridans bacteraemia.
3.2 Testing and classification of VGS

Testing and speciating of VGS at NHLS is done using the Clinical & Laboratory Standards
Institute (CLSI) guidelines. When gram-positive cocci in chains/pairs on gram stain its plated out
onto 5% blood agar Incubate for 18-24 hours. Plate is observed for the type of haemolysis, VGS
are generally alpha-haemolytic. Its then put on optochin disk using the Kirby-Bauer/disk
diffusion method (S.pneumoniae is susceptible where VGS are resistant). On the same day if it is
a sterile site specimen the organism is then put on an identification system, either Vitek-2
(biomerieux) or analytical profile system (API) (both are biochemical identification methods).
Sensitivity testing is also done using CLSI guidelines (attached in appendix B). Identification of
subspecies is only done for a small group of patients, like the haematology/oncology patients.

3.3 Sample size
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Based on available data from NHLS there were about 200 positive cultures for VGS in children
from 1 January to 31 December 2019.The clinical records of patients with positive cultures will

be reviewed and that will determine the sample size.
3.4 Study population
Inclusion criteria

All inpatients from birth to 14 years with positive cultures for VGS from sterile bodily fluids
(blood, CSF, urine, ascites, pleural and pericardial effusion) at CHBAH from 01 January 2019 to
31 December 2019.

Exclusion criteria
Children who have cultured more than one organism on the same culture specimen.
3.5 Variables

Variables which will be used in the study include age, gender, nutritional status, HIV status,
admission diagnosis, fever, hypothermia, white cell count, differential count, C-reactive protein
(CRP), oncology vs non-oncology, other co-morbidities, antibiotics susceptibility, antibiotics used

(duration, intravenous or oral), duration of hospital stay and outcomes (death or discharge).

3.6 Procedures

Data will be collected with permission from NHLS microbiology for all sterile body fluids cultures
positive for Streptococci Viridans for children from 0 to 14 years, over the period of one year.
Files will be retrieved from records for all the patients identified to obtain the clinical data.
Discharge summaries will be obtained from the electronic records from clinical units and the
Vaccines and Infectious Diseases Analytical Unit (VIDA) formerly Respiratory and Meningeal
Pathogens Research Unit (RMPRU). Information on susceptibility of the organisms will be
obtained from NHLS.

4. Definitions
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Bacteraemia: Presence of bacteria in the blood stream
Fever: temperature more than 38°C or history of feeling hot.

Gastro-enteritis: acute infectious syndrome of the stomach lining and the intestine. It is

characterized by diarrhoea, vomiting, and abdominal cramps.

Immunocompromised: is a broad term which means that the immune system is weaker than

expected and not functioning properly.

Infective endocarditis: infection of the endocardial surfaces of the heart primarily of one or more

heart valves, the mural endocardium, or a septal defect.

Meningitis: inflammation of meninges secondary to an infection, will be defined by elevated cell
counts, any polymorphonuclear cells or lymphocytes or bacterial identification on gram stain or

positive culture.

Moderate acute malnutrition: weight for height between -2 and -3 Z score and/or mid upper arm

circumference between 11.5cm and 12.5cm.

Pneumonia: a form of acute respiratory infection that affects the lungs. the alveoli are filled with

pus and fluid, resulting in increased work of breathing and limits oxygen intake.
Sepsis: Infection in presence of systemic inflammatory response syndrome (SIRS).
Septic shock: Sepsis in the presence of cardiovascular dysfunction.

Severe acute malnutrition: weight for height less than -3 Z score and/or Mid upper arm

circumference less than 11.5cm in children between 6 months and 6 years.

SIRS: Meets two or more of the following criteria, one of which must be temperature or WBC
Pyrexia (>38°C) or hypothermia (<36°C).

e Age-dependent tachycardia or bradycardia
e Tachypnoea or need for mechanical ventilation
e Abnormal WBC count or >10% bands
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Urinary tract infection (UTI): infection of any part of urinary system as evidenced by positive urine

culture from sterile urine sample, or identification of organism on gram stain. Presence of

leucocytes and nitrites on urine will also be considered as UTI.

5. Data analysis

The statistics will be descriptive and analytical. Data will be entered into an Excel spreadsheet.

The data will then be analysed using Statistica (Statsoft USA, version 12). Categorical variables

will be reported as numbers and percentages. Continuous variables will be reported as means and

standard deviations if normally distributed, if not normally distributed the data will be represented

as medians and interquartile ranges. The p-value will be used to determine statistical significance

with p-value of <0.05 being statistically significant. The students T test and Mann-Whitney U test

will be used.

6. Ethics

The protocol will be submitted with an application to the University of Witwatersrand Human

Research Ethics Committee (HREC). Permission will be obtained from the hospital CEO and

NHLS to do the study. No names will be used during the study. Consent will not be required since

it is a retrospective study.

7. Timing
Year 2020 2021
Janto Dec | Jan Feb | Mar | Apr |May |Jun | Jul Aug |[Sep |Oct |NOV
Activity
Literature
Review  and

Preparation of

protocol

Submission to

Ethics
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Submission of

protocol

Data collection

Data analysis

Write up of

research report

8. Funding

Costs which would be incurred will be for printing data collection sheets and | will personally

fund. No other costs are anticipated.

9. Strengths

The research will bring together laboratory and clinical data, it does not have a lot of costs and

data retrieved can be generalized to the South African paediatrics population.

10. Problems and limitations

There may be difficulty retrieving all files after obtaining data from NHLS. It will be a
retrospective study so information obtained will be dependent on clinical notes done by clinical

practitioner and may be incomplete. Some files may not be found.
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Data collection sheet

File number

Gender

Age

Time period in hospital

Ward

HIV exposure (if less than 18 months)
HIV status negative or positive

If positive:

e HIV Viral load
e CD4 count
e HIV positive on antiretrovirals >6months

e HIV positive on antiretrovirals <6 months

Nutritional status
Co-morbid disease
Cancer

e On chemotherapy

e Not on chemotherapy
Previous hospital admission
Central line present or not

e If yes duration

Culture specimen

Blood
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e Cerebrospinal fluid (CSF)
e Urine

e Pus

e Pleural fluid

e Other

Time to positivity of culture in hours:
Cultured from multiple sites: yes or no
Antibiotic susceptibility of culture:
Antibiotics used:

Duration of antibiotics:

Clinical presentation

e Fever

e Respiratory rate

e Heart rate

e Mean arterial pressure (MAP)

e Oxygen saturation

e Oxygen requirements (Nasal prongs, facemask oxygen, High flow oxygen intubated or
other)

e Need for ionotropes (which ionotropes and dose if used)

e Glasgow coma scale

e Pneumonia

e Infective endocarditis

e Meningitis

e Neonatal sepsis

e Septic shock

e (Gastro-enteritis

e Urinary tract infection

e Other
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Blood results

e White cell count
e Differential count
e Platelet count

e CRP

e Total bilirubin

e Creatinine
Urine dipstix:
Urine results:

e White cell count

e Microscopy

CSF results
e Proteins
e Cell count
e Glucose

e Serum glucose

e Microscopy

Outcome

e Discharged home.

e Admitted to intensive care unit (ICU)
o Duration of ICU stay

e Transferred to other hospital.

e Demised
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CLSI guideline for antimicrobial susceptibility testing for VGS at NHLS

PariaNad SIS I CRRTIISY] SPLDPUDE AXTDA0GE PUD (DT e

Table 2H-2. Zone Diameter and MIC Breakpoints for Sfreptococcus spp. Viridans Group

Testing Conditions Routine GC Recommendations (see Tables 48 and

Medium: Disk diffusion: MHA with 5% sheep blood

5B for acceptable QC ranges)

Broth dilution: CAMHE with LHE (2.5% fo 5% wiv) the CAMHB should be 5. preumonize ATCC™ 40618
supplemented to 50 pg'ml calcium for daptomycin (see MIT" for instructions for

preparation of LHB) When a commercial test system s used for
Agar dilution: MHA with sheep blood (5% w'v); recent studies using the agar dilution susceptibility testing, refer to the manufacturer's
method hawe not been performed and reviewed by the subcommities. instructions for QC test recommendations and QC

Inoculum: Colony suspension, equivalent to a 0.5 McFarland standard using colonies from an ranges.

Incubation:  35°C2°C

ovemnight { 13- to 20-howr) sheep blood agar plate

Disk diffusion: 5% COz; 20-24 hours
Dilution methods: ambient air, 2024 howrs (CO0: if necessany for growth with agar
dilution)

= YE 01N

o

=

3

=

)

General Comments

For disk diffusion. measure the diameter of the zones of complete inhibition (as judged by the unaided eye). including the diameter of the disk. The zone
margin should be considered the area showing no obwious, visible growth that can be detected with the unaided eye. Do not measure the zone of inhibition of
hemolysis. Measure the zones from the upper surface of the agar Buminated with reflected Bight. with the cover removed. kgnore faint growth of ting colonies
that can be detected only with a magnifying lens at the edge of the zone of inhibited growth.

For viridans streptococei when testing chleramphenicol, clindamycin, enythromyein, inezolid, tedizelid. and tetracycline by broth microdilution MIC, traiing
growth can make end-point determination difficult. In such cases, read the MIC at the lowest concentration where the trailing begins. Tiny buttons of growth
should be ignored (see MOT," Figures 3 and 4).

The viridans group of streptococc indudes the following five groups, with several species within each group: mufans group, ssivanius group, bowis group,

anginosus group (pressously =5 millen” group), and milis group. The anginosus group inchedes small colony—forming B-hemolytic strains with groups A, G, F,
and (5 antigens. For detailed information on the species within the groups, please refer to recent literature.

Breakpoints for Strepfococous spp. viridans group are proposed based on population distributions of various species, phammacokinetics of the antimicrobial
agents, previously published literature, and the dinical experience of subcommittee members. Systematically collected clinical data were not available for
review with many of the antimicrobial agents in this table.

NOTE: Information in boldface type is new or modified since the previous edition.

LOW P TN A 25 204
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Table 1. Pediatric Sequential Organ Failure Assessment Score

Score®
Variables 0 1 2 3 4
Respiratory
Pao,Fio,” 2400 300-399 200-299 100-199 With <100 With
or respiratory support respiratory support
Ei c
spo;:Fio; 2292  264-291 221-264 148-220 With <148 With
respiratory support respiratory support
Coagulation
Platelet count, 2150 100-149 50-99 20-49 <20
x103/pL
Hepatic
Bilirubin, mg/dL <1.2 1.2-19 2.0-5.9 6.0-11.9 >12.0
Cardiovascular
MAP by age group
or vasoactive
infusion, mm Hg
or pg/kg/min®
<1 mo 246 <46 Dopamine Dopamine Dopamine
hydrochloride =5 hydrochloride >5 or hydrochloride >15 or
1-11mo 255 <55 or dobutamine epinephrine <0.1 or epinephrine >0.1 or
12-23 mo =60 <60 hydrochloride norepinephrine norepinephrine
(any) bitartrate 0.1 bitartrate >0.1
24-59 mo 262 <62
60-143 mo 265 <65
144-216 mo 267 <67
>216 mo® =70 <70
Neurologic
Glasgow Coma 15 13-14 10-12 6-9 <6
Scoref
Renal
Creatinine by age
group, mg/dL
<1 mo <0.8 0.8-0.9 1.0-1.1 1.2-15 =21.6
1-11 mo <0.3 0.3-0.4 0.5-0.7 0.8-1.1 1.2
12-23 mo <0.4 0.4-0.5 0.6-1.0 1.1-1.4 21.5
24-59 mo <0.6 0.6-0.8 0.9-1.5 1.6-2.2 22.3
60-143 mo <0.7 0.7-1.0 1.1-1.7 1.8-25 22.6
144-216 mo <1.0 1.0-16 1.7-2.8 2.9-41 24.2
>216 mo* <1.2 1.2-19 2.0-34 3.5-49 25

Abbreviations: Fio,, fraction of
inspired oxygen; MAP, mean arterial
pressure; pSOFA, pediatric Sequential
Organ Failure Assessment;

Spo,, peripheral oxygen saturation.

Sl conversion factors: To convert
bilirubin to micromoles per liter,
multiply by 17.104; creatinine to
micromoles per liter, multiply by
88.4; and platelet count to x10°/L,
multiply by 1.

2 The pSOFA score was calculated for
every 24-hour period. The worst
value for every variable in each
24-hour period was used to
calculate the subscore for each of
the 6 organ systems. If a variable
was not recorded in a given 24-hour
period, it was assumed to be normal
and ascore of O was used. Daily
PSOFA score was the sum of the
6 subscores (range, 0-24 points;
higher scores indicate a worse
outcome).

®Pao, was measured in millimeters of
mercury.

<Only Spo, measurements of 97% or
lower were used in the calculation.

IMAP (measured in millimeters of
mercury) was used for scores 0 and
1; vasoactive infusion (measured in
micrograms per kiligram per
minute), for scores 2 to 4. Maximum
continuous vasoactive infusion was
administered for at least 1hour.

© Cutoffs for patients older than
18 years (216 months) were identical
to the original SOFA score.

T Glasgow Coma Scale was calculated
using the pediatric scale.
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Appendix B: Supplementary
Not included in submission to journal due to word count and tables limitation.
Secondary objective

To compare white cell count (WCC) and C reactive protein (CRP) in immunocompromised

compared to immune competent patients with VGS bacteraemia.

Table 4: Immunocompromised vs immunocompetent inflammatory markers

Condition WCC Median (IQR) CRP median (IQR)
HIV positive (n=1) 8.96 (absolute) 102 (absolute)
Nephrotic syndrome (n=1) 12.79 (absolute) 10 (absolute
Malignancy (n=4) 5.51 (2.09-8.96) 8.0 (4.0-12.0)

HIV exposed (n=10) 11.81 (8.97-13.98) 26.0 (8.5-66.5)
SAM (n=15) 11.8 (8.97-13.98) 26 (8.5-66.5)
Neonates (n=27) 12.09 (8.97-14.97) 5.0 (1.00-18.5)
Immunocompetent (n=27) 11.6 (7.58-18.1) 11.5 (1.0-51.0)

HIV=Human immunodeficiency virus; SAM =Severe acute malnutrition; WCC =White cell

count

Neonates are often immunodeficient as their immune system is not fully developed with delayed
maturation of specific humoral and cellular immune response B and T cells (30). Children with
nephrotic syndrome are often immunodeficient as a result of immunoglobulins loss and due to
steroids use, there was one patient in our study with nephrotic syndrome. We also had four children
with malignancy undergoing chemotherapy and these patients had a lower white cell count
compared to the other groups of patients. Children who are HIV exposed uninfected (HEU) also
have lower immunity compared to those who are HIV unexposed uninfected (HUU), several
factors have been proposed for these (31). HEU children have been found to have a higher CRP
compared to HIV unexposed children as proinflammatory cytokines are upregulated in these

children (32) and this correlates with the results in our study. Neonates had a lower CRP compared
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to that of children with SAM or those HEU. CRP was also relatively lower in patient who were
immunocompetent compared to those HEU and those with SAM. There was no difference in the
white cell counts in patients who are immunocompetent or those immunodeficient. Further
analysis could not be done to determine clinical significance of the differences in WCC and CRP

values due to small patient numbers.
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