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Abstract: Streptococcus gallolyticus subspecies pasteurianus, formerly classified as S. bovis biotype 11/2 until 2003, is a rare cause of
infant meningitis. Over the past 2 decades, only a few individual case reports and limited case series exist in the English-language
literature. Moreover, the pathogenesis of S. gallolyticus subsp. pasteurianus meningitis in infants is unclear. Here we report a case of
meningitis in a 6-week-old infant with hypothyroidism and preceding diarrhea. In this case, S. gallolyticus was cultured from
cerebrospinal fluid, and then S. gallolyticus subspecies pasteurianus was identified by metagenomic next-generation Sequencing.
The infant recovered uneventfully after a 4-week antibiotic course with ceftriaxone and vancomycin. Then combined with the
literature of S. gallolyticus subsp. pasteurianus meningitis in infants, we discuss the possible etiology.
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Introduction

The Streptococcus gallolyticus (S. gallolyticus), a Lancefield group D streptococcus, is one of the intestinal microflorae
found in humans and animals." With new molecular analysis techniques leading to taxonomic changes, S. gallolyticus has
been further subdivided into three subspecies: S. gallolyticus subsp. gallolyticus (S. gallolyticus), S. gallolyticus subsp.
infantarius(S. infantarius), and S. gallolyticus subsp. pasteurianus(S. pasteurianus).' It is important to have proper
identification of the S. gallolyticus subspecies as it has its own clinical implications. While S. gallolyticus is linked to
colonic carcinoma and endocarditis, S. infantarius is associated with non-colonic cancers,” whereas S. pasteurianus is
a pathogen causing meningitis and bacteremia in infants and adults.>* S. pasteurianus can be found as part of the normal
human gastrointestinal microbiota. As a conditional pathogenic bacterium, it rarely causes meningitis in infants.'*> The
source and pathogenesis of S. pasteurianus meningitis in infants remains uncertain. Here we report a case of meningitis
due to S. pasteurianus in a 6-week-old infant with hypothyroidism and preceding diarrhea. In addition, we review the
literature of S. pasteurianus meningitis in infants to discuss possible etiology.

Case Report

A 6-week-old infant boy was born at term, weighing 3510g. His mother was diagnosed with maternal hypothyroidism
during pregnancy, and then began to take levothyroxine tablets for treatment orally. On top of that, both the pregnancy
and the delivery were uneventful. He was exclusively formula fed and developed abdominal distension and frequent
vomit. At 5 weeks of life, the infant presented diarrhea, but this illness was not treated. Two days prior to the infant’s
admission, he developed fever with a temperature of 39.6 Celsius and lethargy. Then, he was taken to Jiangsu Taizhou
People’s Hospital. Physical examination at the hospital revealed his anterior fontanelle was full, but he did not present
neurological deficits or other features of increased intracranial pressure. The abdomen was distended, but soft. Heart and
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lung examinations were unremarkable. A sepsis workup and lumbar puncture were performed, and the infant was
empirically treated with meropenem (40 mg/kg of body weight every 8 h) and vancomycin (15 mg/kg of body weight
every 8 h) for presumed sepsis and meningitis. Initial laboratory studies are presented in Table 1. According to these
results and the symptoms, a diagnosis of bacterial meningitis was made. At the parents’ request, the baby was transported
to our hospital for further investigation and treatment. Before the baby was transported, only two-dose meropenem and
vancomycin were given.

In our hospital, we continued the combination of meropenem (40 mg/kg of body weight every 8 h) and vancomycin
(15 mg/kg of body weight every 8 h). Simultaneously, sepsis workup and lumbar puncture for cerebrospinal fluid (CSF)
analysis were repeated. These results are presented in Table 2. CSF leukocytes, protein, and sugar all decreased
significantly, and fever subsided on hospital day 2, suggesting meropenem and vancomycin were effective. On day 3
of admission, blood culture was negative, but CSF culture indicated Streptococcus gallolyticus (S. gallolyticus) sensitive
to linezolid, penicillin, ceftriaxone, and vancomycin. S. gallolyticus subspecies pasteurianus was identified by metage-
nomic next-generation sequencing (mNGS) in CSF. According to the antimicrobial susceptibility test, meropenem was
discontinued on day 4 of admission. However, the temperature went back up to 38.2° Celsius within 12 hours after
meropenem was discontinued. Then treatment was changed to the combination of ceftriaxone (100 mg/kg of body weight
every day) and vancomycin (15 mg/kg of body weight every 8 h) on day 5 of admission. The fever gradually
disappeared, and clinical well-being improved significantly on day 6 of admission. A repeated CSF on day 7 of
admission was negative for bacteria culture, but CSF leukocytes were still high (Table 2). A subsequent lumbar puncture
was repeated on day 14 of admission, to assess the treatment response. The CSF analysis showed CSF leukocytes,
protein, and sugar were all normal (Table 2). A magnetic resonance image of the brain with contrast showed meningeal

Table | Blood and Cerebrospinal Fluid Results (Jiangsu Taizhou
People’s Hospital)

Parameter (Reference Range) Hospital Day (HOD) |
White blood cell count (8%10%-12x10%/L) | 5.85
% Neutrophils 58.1
% Lymphocytes 34.9
C-reactive protein level (S5mg/L) 7.92
CSF nucleated cell count (0-20%10°/L) 2723
% Multinucleate cell 71.2
% Monocytes 28.8
CSF red blood cell count (0—10%108/L) 0
CSF glucose concn (2.8—4.5mmol/L) 2.95
CSF protein conen (150—450mg/L) 1613

Table 2 Blood and Cerebrospinal Fluid Results (Shanghai Children’s Hospital)

Parameter (Reference Range) HOD | HOD 7 HOD 14
White blood cell count (8% 10°-12x10°/L) 7.51 5.9 7.4
% Neutrophils 59.4 12.8 32.1
% Lymphocytes 294 66.8 57.8
% Monocytes 10.9 15.3 8.2
C-reactive protein level (<5mg/L) I <5 <5
CSF WBC count (0-20x 10¢/L) 148 40 7
% Neutrophils 25 10 /
% Lymphocytes 10 58 /
% Monocytes 65 32 /
CSF red blood cell count (0-10x10/L) 10 25 180
CSF glucose concn (2.8—4.5mmol/L) 2.9 2.6 2.7
CSF protein concn (150-450mg/L) 980 550 590
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Figure | Magnetic resonance imaging of the brain, with contrast. Meningeal enhancement of the left temporal pole on T2-Flair imaging.

enhancement of the left temporal pole on T2-Flair imaging, with no ventriculitis (Figure 1). Therefore, ceftriaxone and
vancomycin were scheduled to continue for a total of 28 days. In addition, given that his mother had maternal
hypothyroidism, and he had abdominal distension frequently, the serum thyroid function test was performed, and results
showed free triiodothyronine (T3) of 2.60 pmol/L (reference range 2.85—7.78 pmol/L), free thyroxine (T4) of 7.95pmol/L
(reference range 9.8-23.2 pmol/L), triiodothyronine of 0.84 nmol/L (reference range 0.9-2.8nmol/L), and thyroid-
stimulating hormone (TSH) of 0.72ulU/mL(reference range 0.7-9.8ulU/mL). Endocrinologists consulted and suggested
thyroxine replacement therapy. Thyroid function returned to normal after 2 weeks of treatment with levothyroxine.
Moreover, cell-mediated immunity and humoral immunity were evaluated, but no impaired immune function was
identified.

Discussion

In this case, S. gallolyticus was cultured from CSF, and then identified as S. gallolyticus subsp. pasteurianus on mNGS.
To our knowledge, this is the first report of the use of mNGS to demonstrate that S. gallolyticus subsp. pasteurianus
from CSF.

S. gallolyticus subsp. pasteurianus was formerly known as S. bovis biotype 11.2 until 2003, when the taxonomy
classification changed.® S. gallolyticus subsp. pasteurianus is a normal bacterium found in the gut of humans and
animals, especially ruminants.’ Noble” demonstrated that S. bovis was isolated frequently from the stool samples of
healthy neonates. Therefore, as a conditional pathogenic bacterium, S. gallolyticus subsp. pasteurianus has been
infrequently reported as a cause of meningitis in infants. Much of the knowledge of S. gallolyticus subsp. pasteurianus
meningitis in infants comes from individual case reports or limited case series.”®'? Over the past 2 decades, no one case
has been reported in China Mainland and 28 cases have been reported in other countries or regions (Table 3). Almost all
of the patients were neonates (<30 days of life), and the oldest case among late onset was 6 weeks of life. Clinical
presentation and examination findings of these cases are similar to those caused by group B streptococcal (GBS).?*?! In
early onset sepsis, respiratory distress is the most common clinical manifestation. Hede et al and Chen et al reported five
infants diagnosed with S. gallolyticus subsp. pasteurianus, and all of them had early onset sepsis and presented with
respiratory distress.'>!” In late onset sepsis, meningitis is more common. Neurological symptoms such as irritability and
seizures were more commonly reported in cases of late onset sepsis or meningitis.”'""'*'® The target antimicrobial
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Table 3 Streptococcus Gallolyticus Subsp. Pasteurianus Meningitis in Infants

Study (Case No.) | Age Sex Gestational Clinical Site(s) of | Treatment | Complications | Outcome
[Country] (day) age presentation | Isolation

Onoyama et al® 5 F Term Fever Blood, CSF | Cefotaxime No Lived
(n=1)

Dapan]

Punpanich et al’ 42 M Term Fever, Seizure | Blood, CSF | Penicillin No Lived
(n=1)

[Thailand]

Thatrimontrichai et | 2 M Term Fever, CSF Cefotaxime No Lived
al'® (n=1) Lethargic

[Thailand]

Nagamatsu et al'' 8 M Term Fever, Seizure | CSF Ampicillin No Lived
(n=1)

Dapan]

Klatte et al'? 2-5-5-13 | M-M-F-M | Term Fever, Seizure | Blood, CSF | Cefotaxime, No Lived
(n=4) Ampicillin

[USA]

Takahashi et al'? 35 M Term Fever, Blood, CSF, | Cefotaxime, No Lived
(n=1) Diarrhea Stool Ampicillin

[Japan]

Park et al'* (n=1) 28 M Term Fever, Blood, CSF | Cefotaxime, | Subdural Lived
[Korea] Lethargic Ampicillin effusion

Hede et al'® 21-21 M-M Preterm RDS, Seizure Blood, CSF | Ampicillin No Lived
(n=2)

[USA]

Yamamura et al'® 28 M Term Fever, Blood, CSF | Ampicillin Ventriculitis Lived
(n=1) Lethargic

[Japan]

Chen et al'’ 2-3-5 F-F-M Term- Fever, Blood, CSF | Cefotaxime, | No Lived
(n=3) Preterm- Term | Tachypnea Ampicillin

[Chinese Taiwan]

Beneteau et al'® NA NA NA NA NA NA NA Lived
(n=8)

[France]

Orbea et al'’ NA NA NA NA NA NA NA Lived
(n=4)

[USA]

Abbreviations: F, female; M, male; CSF, cerebrospinal fluid; N/A, not available; RDS, respiratory distress syndrome.

therapy often includes penicillin, ampicillin, or cefotaxime. After antibiotic therapy, all the reported cases survived with
a relatively good prognosis. Neurological complications have rarely been reported. Park et al reported a case with
delayed-onset subdural effusion and bilateral reduction of visual evoked potentials, and subsequent follow-up did not
reveal any neurological sequelae in a 28-day-old male infant.'* Yoshiko et al reported the first case of ventriculitis
diagnosed using follow-up magnetic resonance imaging (MRI). Antibiotic therapy was discontinued after the patient
showed improvement, according to MRI findings, and the patient was discharged without sequelae.'® In addition, similar
to patterns of GBS meningitis, most authors have proposed that this infection occurs via horizontal transmission or
vertical contagion.'*'>2% The pathogenesis of invasive S. gallolyticus subsp. pasteurianus infection in infants remains
unclear. Recent studies have suggested the gastrointestinal tract as a possible source. The late-onset case report from
Takahashi et al demonstrated identical isolates of S. gallolyticus subsp. pasteurianus was isolated from blood, CSF, and

stool, suggesting gastrointestinal tract as a possible source.'> The possible mechanism was translocation of previously
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commensal bacteria, with initiation of bacteremia and subsequent systemic dissemination and infiltration into CSF. In our
case, 1 week prior to the infant’s admission, the infant developed diarrhea. However, S. gallolyticus subsp. pasteurianus
was isolated from SCF but not from stool and blood.

Hypothyroidism is a known risk factor for intestinal infections and sepsis, but its role in other neonatal infections remains
unclear.?? The intestinal manifestations of hypothyroidism are varied, and their pathogenesis is not fully understood. In both
hypothyroid animals and humans, the electrical and mechanical activities of the gastrointestinal tract has been documented to
be decreased.” Furthermore, hypothyroid subjects delayed neuronal transmission of the intestine due to myxedematous and
round cell infiltration at the myoneural junction has been shown to cause peripheral neuropathy of the intestine, which can
lead to reduced gut motility, ileus, abdominal distention, and compromised mesenteric blood flow.>* In the presence of
formula feeding, such reduced intestinal motility may allow intestinal bacterial overgrowth with the resulting bacterial
fermentation and gas production, which may lead to further distention of the intestine. In our case, the infant had
hypothyroidism and abdominal distension, vomiting frequently. According to the frequent isolation of S. gallolyticus
subsp. pasteurianus from stool samples of healthy neonates, we assume that hypothyroidism and gastrointestinal symptoms
may cause translocation of previously commensal bacteria and subsequent bacteremia.

Impaired immune function is also a known risk factor for infection. The interplay between thyroid hormone
action and the immune system has been established in physiological and pathological settings.?” Dendritic cells
(DCs) are the main antigen-presenting cells at the interface between innate and adaptive immunity. Exposing
immature DCs to physiological levels of T3 can induce the differentiation and maturation of antigen-presenting
cells, leading to an enhancement in the proliferative capacity of T cells.?>*® Thyroid hormones can also affect the
activity and function of macrophages. The inflammatory response exerted by macrophages was stimulated during
hypothyroid condition and inhibited in the course of hyperthyroidism.?’” On the other hand, abnormalities in
immune function can also affect the synthesis and metabolism of thyroid hormones. For example, the “euthyroid
sick syndrome” is distinctive of critically ill patients with severe infections or sepsis, being characterized by low
serum T3 and in serious cases by also low serum T4 without the expected increase in TSH.* In this case, the
manifestation of thyroid dysfunction is similar to that seen in cases of infection-induced hypothyroidism.
Therefore, their connection is complex and difficult to interpret, with an improved knowledge still necessary.

Our case has several limitations. Since S. gallolyticus subsp. pasteurianus is the cause of 8-29% cases of
endocarditis and colon disease, it is supposed to identify whether a colonic disease or endocarditis is present by
colonoscopy and echocardiography.”® As this is an observational case, colonoscopy and echocardiography were not
performed.

Conclusion

In summary, we hypothesize that S. gallolyticus subsp. pasteurianus exists in the intestinal tract and then translocates into
the blood because of hypothyroidism and invades the blood and CSF. These cases broaden the clinical diversity of infants
with hypothyroidism, and also highlight the importance of a thorough evaluation of thyroid function of infant whose
mother was diagnosed maternal hypothyroidism. We consider that this article provides important clues for the under-
standing of the pathogenesis of meningitis due to S. gallolyticus subsp. pasteurianus.

Abbreviations

CSF, cerebrospinal fluid; mNGS, metagenomic next-generation sequencing; T3, triiodothyronine; T4, free thyroxine;
TSH, thyroid-stimulating hormone; GBS, group B streptococcal; HOD, Hospital Day; F, female; M, male; N/A, not
available; RDS, respiratory distress syndrome.
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