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CHAPTER 1

INTRODUCTION



Chapter 1

Since the early days of history, it has been known that diseases can be
transmitted from animals to humans. Around 2300 BC, the Mesopotamian
laws of Eshnunna stated: “If a dog is vicious and the authorities have brought
the fact to the knowledge of its owner, [if nevertheless] he does not keep it
in, it bites a man and causes [his] death, then the owner of the dog shall pay
two-thirds of a mina of silver.”! In 380 BC, Aristotle described this zoonotic
disease, now known as rabies, as “fatal to the dog itself and to any animal
that it may bite”.!

Since then, more than 200 zoonotic diseases have been described. Some of
these diseases have had a major impact on human civilization. For instance,
the bubonic plague, that is transmitted to humans from infected rodents,
wiped out 25% of Europe’s population in the 14" century and is therefore
considered one of the most devastating pandemics in human history.? Bovine
tuberculosis, transmitted to humans through consumption of unpasteurized
dairy products and contact with infected animals, was a significant cause of
death in Europe in the 19" century.?

Due to modern sanitation and public health practice, the spread and mortality
of many infectious diseases has decreased markedly. However, due to socio-
economic and ecological changes, such as human population growth and
loss of biodiversity, the incidence of emerging infectious diseases events
has increased since 1940.%> More than 60% of the roughly 400 emerging
infectious diseases that have been identified are zoonotic.*® In addition, the
most recent pandemics and epidemics, e.g. Q-fever, severe acute respiratory
syndrome (SARS) and avian influenza, are caused by zoonotic pathogens.®
Zoonotic diseases are thus an increasing public health problem.°

Zoonotic pathogens may cause a variety of symptoms and diseases. One
of the possible clinical manifestations of a zoonotic bacterial infection is
meningitis. Bacterial meningitis is a neurologic emergency requiring prompt
recognition and treatment. Despite fast initiation of antibiotic treatment,
the mortality of bacterial meningitis remains high at 17%, and half of the
patients surviving bacterial meningitis end up with neurological sequelae.”
In patients presenting with bacterial meningitis, rapid identification of the
bacteria causing the infection is essential for choice of treatment and for
prediction of outcome. While meningitis caused by pathogens originating
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from humans has been studied extensively, little is known about meningitis
caused by zoonotic bacteria.

Aims and outline of this thesis

The aim was to investigate the epidemiology, etiology, clinical characteristics,
treatment, outcome and prevention of zoonotic bacterial meningitis. In the
following chapters, we will describe cases of meningitis caused by several
zoonotic pathogens. In general, one zoonotic pathogen is described per
chapter, combining cases identified in a nationwide cohort study of bacterial
meningitis patients” and a review of the literature on meningitis caused by
the described zoonotic pathogen.

In Chapter 2, we describe cases of Streptococcus equi meningitis and
perform a literature review on S. equi meningitis. In Chapter 3, we describe
cases of Streptococcus suis meningitis identified in a nationwide cohort
study of bacterial meningitis patients in the Netherlands. In Chapter 4, we
perform a systematic review and meta-analysis on the clinical characteristics,
adjunctive treatment and outcome of S. suis meningitis. In Chapter 5, we
describe the clinical characteristics, complications and outcome of meningitis
caused by Capnocytophaga canimorsus. In Chapter 6, we describe cases
of Campylobacter fetus meningitis and perform a review of the literature
on C. fetus meningitis. In Chapter 7, we describe cases of Streptococcus
gallolyticus meningitis. S. gallolyticus, formerly known as a member of the
Streptococcus bovis group, is not a zoonotic pathogen, as it occasionally
occurs as a commensal in the human gastro-intestinal tract.® Nevertheless,
S. gallolyticus meningitis is described in this thesis, as the pathogen was first
discovered in cattle and is commonly found in the gastro-intestinal tract of
ruminants.” In Chapter 8, we describe leptospiral meningitis and report four
cases of leptospiral meningitis in the Netherlands.

Finally, the thesis concludes with a general discussion in Chapter 9, in
which we give an overview of the clinical characteristics, treatment and
outcome of zoonotic bacterial meningitis. In this chapter, meningitis caused
by the formerly mentioned zoonotic pathogens is described with addition of
rare zoonotic pathogens not identified in our cohort study, such as Bacillus
anthracis and Francisella tularensis.
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Chapter 2

Introduction

Streptococcus equi, part of the commensal flora of the upper respiratory tract
in horses, is an uncommon cause of bacterial meningitis. Very little is known
about its risk factors, presenting features and outcome. We report two cases
of S. equi meningitis from a nationwide cohort study in the Netherlands
performed from 2006 through 2014, and present a literature review.

Results

Case 1

The first case has been described previously! and concerned a 37-year-
old previously healthy horsewoman presenting with fever, headache and
nausea 4 days after a horse bite. Neurological examination showed neck
stiffness and an altered consciousness (Glasgow Coma Scale E3M5V3).
Cerebrospinal fluid (CSF) examination was consistent with bacterial
meningitis (394 leukocytes/mm?, protein 1.21 g/L, glucose 0.60 mmol/L),
and she was treated with ceftriaxone and dexamethasone. After one day,
cultures became positive for S. equi ssp. zooepidemicus, and antibiotic
treatment was switched to penicillin. During admission, she developed
right-sided hemiparesis and aphasia. Cranial imaging showed multiple brain
abscesses. Penicillin was continued for 8 weeks and she was discharged
to a rehabilitation centre. During the months after admission, her aphasia
improved, but severe memory deficits persisted and she was unable to live
independently.

Case 2

The second case identified was a 41-year-old previously healthy female who
presented with headache and fever lasting 1 day. She had regular recreational
contact with horses. On physical examination she had a temperature of
39.0°C and neck stiffness. She opened her eyes and localized in response
to painful stimuli and made sounds but no recognizable words (Glasgow
Coma Scale E2M5V2). Her blood leukocyte count was 21.1 x 10°/L. Cranial
CT showed brain oedema and CSF findings were consistent with bacterial

meningitis (85 leukocytes/mm?, protein 3.00 g/L, glucose 2.50 mmol/L);
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Streptococcus equi meningitis

CSF Gram stain showed Gram-positive bacteria. She was admitted to the

ICU, but died on day 2 due to respiratory and circulatory failure despite

treatment with ceftriaxone and dexamethasone. After 2 days, CSF cultures

showed S. equi ssp. zooepidemicus. Blood cultures remained negative.

Table 1. Clinical characteristics, etiology and clinical outcome for Streptococcus equi meningitis; ;
combination of our patients and patients reported in the literature

Characteristics

n/N (%)

Median age (range)
Male sex
Immunocompromised
Diabetes mellitus
Immunosuppressive medication
Haematological malignancy
Identified source of infection
Regular horse contact
Consuming unpasteurized dairy products
Mother had regular contact with horses
Contact with sick dogs
Clinical presentation
Headache
Fever
Neck stiffness
Altered mental status
Classic meningitis triad*
Cerebrospinal fluid characteristics
Median CSF leukocyte count/mm?® (range)
Median CSF protein (g/L) (range)
Median CSF glucose (mmol/L) (range)
Median blood leukocyte count (x 10°/L)
Positive cultures
Cerebrospinal fluid
Blood
Complications
Sepsis
Endophthalmitis
Other
Outcome
Death
Hearing loss
Impaired vision
Other sequelae

61 (0-83)
18/32 (53)
5/25 (20)
2/25 (8)
2/25 (8)
1/25 (4)
32/32 (100)
21/32 (66)
9/32 (28)
1/32 (3)
1/32 (3)

19/34 (50)
34/34 (100)
27/34 (79)
28/34 (82)
22/34 (65)

1919 (31-11,000)
2.62 (0.71-62.29)
2.02 (0.10-4.60)
16.8 (3.5-40.7)

31/33(94)
25/29 (86)
15/32 (47)
4/32 (12)
3/32(9)
11/32 34

7/34 (21)
7/27 (26)
3/27 (1)
5/27 (19)

Abbreviations: CSF: cerebrospinal fluid

“Defined as fever, neck stiffness and altered mental status
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Review of the literature

A literature search identified 29 studies describing 33 episodes of S. equi
meningitis, occurring between 1978 and 2015. Combining these data with
our cases (Table 1, Table 2), we identified 34 patients with a median age of
61 years (range 0-83 years). Eighteen patients were male (53%) and five out
of 25 patients (20%) were immunocompromised. A source of infection was
identified in all 32 patients for whom it was reported, mainly regular horse
contact (66%) and consuming unpasteurized dairy products (28%). The
classic meningitis triad of fever, neck stiffness and an altered consciousness
was present in 22 patients (65%). Examination of CSF produced abnormal
findings in all. Blood cultures were positive in 25 out of 29 patients (86%)
and CSF cultures in 31 out of 33 patients (94%). Subspecies zooepidemicus
was identified in 32 cases and subspecies equi in 2 cases. Cranial CT was
performed in 18 patients and showed abnormalities in 9 (50%): brain oedema
and sinusitis each in three patients, mastoiditis and brain abscesses each in
two, and hydrocephalus and cerebral hypodensity each in one patient.

Complications during admission were present in 15 out of 32 patients
(47%) and consisted of sepsis in four patients, endophthalmitis in three,
endocarditis, pneumonia, respiratory failure and brain abscesses each in two,
and intracranial hypertension, cardiac failure and multiple brain infarction
each in one patient. Three patients had multiple complications. Infections
outside the brain were present in 12 out of 32 patients (37%). Outcome was
reported in all 34 patients: seven patients died (21%). Of the surviving 27
patients, 14 patients had neurological sequelae (52%), consisting of hearing
loss in six, impaired vision in two (after endophthalmitis), amnesia in two,
and both deafness and blindness, vertigo, diplopia, and changed behaviour

each in one patient.

Discussion

Meningitis caused by S. equi is a rare disease associated with high rates
of unfavourable outcome (62%). Commonly identified risk factors were
regular horse contact and consumption of unpasteurized dairy products. In
2005, a national study regarding horses in the USA showed that 4.6 million
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Americans were involved in the horse industry and 2 million people owned
horses.” The small number of cases identified reflects the low chance of
developing S. equi meningitis after horse contact. Unpasteurized dairy
products may harbour several pathogens, such as Listeria monocytogenes
and Campylobacter jejuni, and consumption is therefore discouraged by
the CDC.> An immunocompromised state was present in only 20% of the
patients with S. equi meningitis, compared with 67% of the patients with L.
monocytogenes meningitis being immunocompromised.*

Most cases of S. equi meningitis were caused by subspecies zooepidemicus,
and only two cases were caused by subspecies equi. Both pathogens were
sensitive to penicillin, cefotaxime and ceftriaxone in all cases described.
Penicillin is the recommended antimicrobial therapy in patients with

streptococcal meningitis caused by an equine pathogen.

Complications occurred in about half of patients with §. equi meningitis, most
commonly distant infection foci, such as endophthalmitis and endocarditis.
Endophthalmitis is a serious complication of S. equi infection that can lead
to blindness. Endocarditis is an uncommon coexisting condition in bacterial
meningitis identified in 2% of patients and is associated with high rates
of unfavourable outcome (63%).> This condition needs to be treated with
prolonged duration of antibiotics (6-8 weeks). Whether the primary focus
of infection is the meningitis or endocarditis remains difficult to distinguish,
because initial complaints of endocarditis can be nonspecific. Our findings
indicate that endocarditis should be considered in all patients with S. equi

meningitis.

In conclusion, S. equi meningitis is associated with horse contact and
consuming unpasteurized dairy products. Although rare, the associated
mortality is high and many survivors suffer from neurological sequelae.
Endocarditis should be considered in all patients with S. equi meningitis.

20



Streptococcus equi meningitis

References

1. Brouwer MC, Kasanmoentalib ES, Opstelten FW, van der Ende A, van de Beek D. A horse bite
to remember. Lancet 2010; 376: 1194.

2. Madzar D, Hagge M, Moller S, Regensburger M, Lee DH, Schwab S, et al. Endogenous
endophthalmitis complicating Streptococcus equi subspecies zooepidemicus meningitis: a case
report. BMC Res Notes 2015; 8: 184.

3. Pelkonen S, Lindahl SB, Suomala P, Karhukorpi J, Vuorinen S, Koivula I, et al. Transmission of
Streptococcus equi subspecies zooepidemicus infection from horses to humans. Emerg Infect
Dis 2013; 19: 1041-8.

4. Mori N, Guevara JM, Tilley DH, Briceno JA, Zunt JR, Montano SM. Streptococcus equi subsp.
zooepidemicus meningitis in Peru. J Med Microbiol 2013; 62: 335-7.

5. Eyre DW, Kenkre JS, Bowler IC, McBride SJ. Streptococcus equi subspecies zooepidemicus
meningitis--a case report and review of the literature. Eur J Clin Microbiol Infect Dis 2010; 29:
1459-63.

6. Rajasekhar A, Clancy CJ. Meningitis due to group C Streptococcus: a case report and review of
the literature. Scand J Infect Dis 2010; 42: 571-8.

7. Poulin MF, Boivin G. A case of disseminated infection caused by Streptococcus equi subspecies
zooepidemicus. Can ] Infect Dis Med Microbiol 2009; 20: 59-61.

8. Minces LR, Brown PJ, Veldkamp PJ. Human meningitis from Streptococcus equi subsp.
zooepidemicus acquired as zoonoses. Epidemiol Infect 2011; 139: 406-10.

9. Rivas MT, Pascual J, Sesar A. [Group C streptococcus meningitis: a very uncommon condition)].
Neurologia 2008; 23: 604-6.

10. Jovanovic M, Stevanovic G, Tosic T, Stosovic B, Zervos M]. Streptococcus equi subsp.
zooepidemicus meningitis. / Med Microbiol 2008; 57: 373-5.

11. Pati S, Al-Araji A, Orendi J. Atypical presentation of Streptococcus zooepidemicus bacteraemia
and secondary meningitis. Clin Neurol Neurosurg 2007; 109: 475-6.

12. Bordes-Benitez A, Sanchez-Onoro M, Suarez-Bordon P, Garcia-Rojas AJ, Saez-Nieto JA,
Gonzalez-Garcia A, et al. Outbreak of Streptococcus equi subsp. zooepidemicus infections
on the island of Gran Canaria associated with the consumption of inadequately pasteurized
cheese. Eur J Clin Microbiol Infect Dis 2006; 25: 242-6.

13. West CC, T.; Smilack, JD.; Hurley, BW. Streptococcus zooepidemicus Meningitis. Case report and
review of literature. Infect Dis Clin Pract 2005; 13: 27-30.

14. Ural O, Tuncer I, Dikici N, Aridogan B. Streptococcus zooepidemicus meningitis and
bacteraemia. Scand J Infect Dis 2003; 35: 206-7.

15. Downar J, Willey BM, Sutherland JW, Mathew K, Low DE. Streptococcal meningitis resulting
from contact with an infected horse. J Clin Microbiol 2001; 39: 2358-9.

16.  Shah SS, Matthews RP, Cohen C. Group C streptococcal meningitis: case report and review of
the literature. Pediatr Infect Dis ] 2001; 20: 445-8.

17. Jenkins EL, McGuire W. Group C streptococcal meningitis in infancy. Acta Paediatr 2000; 89:
1141-2.

18. Mattei P, Beguinot I, Malet T, Evon P, Lion C, Hoen B. [Meningitis, septicemia and endophthalmitis
caused by Streptococcus equi subspecies zooepidemicus]. Presse Med 1995; 24: 1089.

19. Latorre M, Alvarez M, Fernandez JM, Berdonces P, Llanos A, Cisterna R. A case of meningitis
due to “Streptococcus zooepidemicus”. Clin Infect Dis 1993; 17: 932-3.

20. Ferrandiere M, Cattier B, Dequin PF, Hazouard E, Legras A, Perrotin D. Septicemia and
meningitis due to Streptococcus zooepidemicus. Eur J Clin Microbiol Infect Dis 1998; 17: 290-1.

21. Cheeseman M, Genain C, Smith CD. Group C streptococcal meningitis with favorable recovery.
A case report. J Ky Med Assoc 1990; 88: 545-6.

22. Edwards AT, Roulson M, Ironside MJ. A milk-borne outbreak of serious infection due to

Streptococcus zooepidemicus (Lancefield Group C). Epidemiol Infect 1988; 101: 43-51.

21



Chapter 2

23.

24.

25.

20.

27.

28.

29.

30.

31

32.

33.

22

Vergnes DM, N.; Barrere, M.; Chabrol, H. Un cas de méningite a Streptococcus zooepidemicus
(groupe C) chez un adulte. Médecine et Maladies Infectieuses 1982; 13: 202-3.

Ghoneim AT, Cooke EM. Serious infection caused by group C streptococci. J Clin Pathol 1980;
33: 188-90.

Low DE, Young MR, Harding GK. Group C streptococcal meningitis in an adult. Probable
acquistion from a horse. Arch Intern Med 1980; 140: 977-8.

Mohr DN, Feist DJ, Washington JA, Hermans PE. Meningitis due to group C streptococci in an
adult. Mayo Clin Proc 1978; 53: 529-32.

Patey O, Buisson CB, Soussy CJ. Group C streptococcal meningitis in adults. Rev Infect Dis
1990; 12: 157-8.

Elsayed S, Hammerberg O, Massey V, Hussain Z. Streptococcus equi subspecies equi (Lancefield
group C) meningitis in a child. Clin Microbiol Infect 2003; 9: 869-72.

Popescu GA, Fuerea R, Benea E. Meningitis due to an unusual human pathogen: Streptococcus
equi subspecies equi. South Med J 2006; 99: 190-1.

American Horse Council. The Economic Impact of the Horse Industry on the United States
National Report2005.

Centers for Disease Control and Prevention. Recurrent outbreak of Campylobacter jejuni
infections associated with a raw milk dairy--Pennsylvania, April-May 2013. MMWR Morb Mortal
Wkly Rep 2013; 62: 702.

Brouwer MC, van de Beek D, Heckenberg SG, Spanjaard L, de Gans J. Community-acquired
Listeria monocytogenes meningitis in adults. Clin Infect Dis 2000; 43: 1233-8.

Lucas MJ, Brouwer MC, van der Ende A, van de Beek D. Endocarditis in adults with bacterial
meningitis. Circulation 2013; 127: 2056-62.









CHAPTER 3

STREPTOCOCCUS SUIS
MENINGITIS IN THE
NETHERLANDS

Anusha van Samkar, Matthijs C Brouwer, Constance Schultsz,
Arie van der Ende, Diederik van de Beek

Adapted from Journal of Infection 2015; 71: 602-4.



Chapter 3

Introduction

In 2008, a case report in Journal of Infection described four patients with
Streptococcus suis meningitis in the Netherlands.! In 2006, a prospective
nationwide cohort study of patients with community-acquired bacterial
meningitis in the Netherlands was started.! In this new cohort study, 1732
episodes of bacterial meningitis were included between January 2006 and
May 2015, of which 8 episodes were caused by S. suis in 7 patients.

Results

Case reports

The calculated annual incidence of S. suis meningitis in the Netherlands
was 0.07 per 1,000,000 adult population. The median age was 54 years
(range 28-77; Table 1). All cases concerned men who had professionally
been in contact with pigs or pork: three pig farmers, two butchers and two
abattoir workers. Headache was present in 6 out of 6 episodes (unknown
in 2), fever and neck stiffness both in 5 out of 8, and altered consciousness
in 7 out of 8 episodes. The classic meningitis triad consisting of fever, neck
stiffness and an altered consciousness was present in 4 of 8 episodes. None
presented with rash. All patients underwent a lumbar puncture and results
of CSF analysis were abnormal in all. Blood culture was positive in 5 out
of 7 episodes (71%) and serotype 2 was isolated in 4 out of 4 cases where
serotype identification was performed (cases 1, 2, 3 and 8).

In seven episodes, initial antimicrobial therapy consisted of a cephalosporin
(ceftriaxone in 5 episodes, cefotaxime in 2 episodes), combined with
amoxicillin in 4 episodes (Table 1); after culture results became available,
therapy was stepped down to penicillin in 3 episodes. One patient received
penicillin  monotherapy during admission. Adjunctive dexamethasone
treatment according to the Dutch bacterial meningitis protocol (10mg QID,
for 4 days)* was administered in 7 of 8 episodes. Six out of seven patients
(86%) developed hearing loss.
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Review of the literature

A literature search identified 6 articles describing 38 episodes of S. suis
meningitis in 38 patients in the Netherlands (Table 2), occurring between
1988 and 2012." %7 One article described a patient who was also included
in our cohort.> When combining the data with our patients, 45 different
episodes were described in 44 patients since 1988. The median age was 50
years, and 39 out of 44 patients (89%) were male. In 41 of 44 (93%) cases
the source of infection could be established: 16 were pig farmers, 11 were
abattoir workers, 10 were butchers, and 4 had occasional contact with pigs
or pork. Predisposing factors were present in 7 patients (16%) and consisted
of cancer in 4 patients, and alcohol, immunosuppressive medication and
splenectomy in the remaining 3 patients. Hearing loss developed in 28 out
of 43 survivors (65%).

Discussion

S. suis meningitis in the Netherlands occurs in patients with professional
contact with pigs or pork. Whilst the calculated annual incidence of S. suis
meningitis in our cohort was 0.07 per 1,000,000 adults, Schultsz and co-
workers reported an estimated annual risk for developing S. suis meningitis
in Dutch persons having regular contact with pigs of 3.4-5.6 per 100.000.% S.
suis thus remains an important risk for persons having regular contact with
pigs and infection is probably underreported, partly due to misidentification
of streptococci.? Invasive §. suis infections occur in pigs and humans.” In
a recent study, it was shown that all cases of human §. suis infection in the
Netherlands were caused by serotype 2: this study included the first three
cases we described.” Infection in pigs was mainly caused by serotype 9.
The serotype causing S. suis meningitis in our cohort was not known in all
patients, but no other serotypes but serotype 2 were found.

Hearing loss occurred in 86% of patients in our series, which is higher
than described in patients with S. suis meningitis in Vietnam (50%)," and
the earlier reviewed Dutch series (53%).” In a randomized clinical study
on adjunctive dexamethasone in Vietnamese adults, dexamethasone was
associated with reduced deafness (7 out of 57 in the dexamethasone group
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compared with 20 out of 53 in the placebo group, p = 0.003)."" Interestingly,

all but one patient received adjunctive dexamethasone treatment. In

conclusion, S. suis meningitis remains a rare disease in the Netherlands but

should be considered in patients with professional pig contact. Hearing loss

is a common complication despite adjunctive dexamethasone treatment.

Table 1. Cases of Streptococcus suis meningitis identified in our cohort

Case Year Age Gender Predisposing Pig Temperature Headache Neck GCS
factors contact  (°C) stiffness
1 2006 39 M None Butcher  39.6 + + 11
2 2006 28 M None Abattoir  36.0 ? - 11
worker
3¢ 2007 50 M None Butcher 37.9 + + 8
4 2007 62 M None Pig 40.4 ? + 7
farmer
5 2008 40 M M. Hodgkin  Pig 38.0 + + 10
farmer
6 2011 60 M None Abattoir  39.5 + + 14
worker
7 2012 77 M Splenectomy  Pig 38.8 + - 10
farmer
8 2015 58 M None Butcher  37.0 + - 13
CSF  CSF CSF CSF Blood Cranial Antibiotics DXM Sequelae
WBC glucose protein culture culture CT
1 8770 <0.1 10.59 + + Normal  Penicillin + Hearing loss,
diplopia
2 1000 1.5 3.15 + - Normal Cefotaxime - Hearing loss
3 6760 0.6 3.34 + - Diffuse  Amoxicillin, + -
swelling  ceftriaxone
4 3400 3.1 2.5 + + Normal  Amoxicillin, - Hearing loss,
ceftriaxone, ataxia
penicillin
5 2750 0.5 3.81 + + Normal Ceftriaxone + Hearing loss
6 6380 <0.1 5.46 + + Diffuse  Ceftriaxone, + Hearing loss,
swelling penicillin cognitive
impairment
7 4200 <0.1 5.28 + + Normal  Penicillin, + Hearing loss,
amoxicillin, cognitive
cefotaxime impairment
8 2013 <0.1 3.66 + Not Normal  Amoxicillin, + -
done ceftriaxone,
penicillin

Abbreviations: CSF: cerebrospinal fluid; CT: Computed Tomography; DXM: dexamethasone; E: eye
response; M: motor response; V: verbal response; WBC: white blood cell count
“Different episodes in same patient
CSF WBC: per mm? CSF glucose: mmol/L; CSF protein: g/L
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Abstract

Introduction: Streptococcus suis is the most common cause of meningitis in
pork consuming and pig rearing countries in South-East Asia. We performed
a systematic review of studies on §. suis meningitis to define the clinical
characteristics, predisposing factors and outcome.

Methods: Studies published between January 1, 1980 and August 1, 2015
were identified from main literature databases and reference lists. Studies
were included if they were written in West-European languages and
described at least 5 adult patients with S. suis meningitis in whom at least
one clinical characteristic was described.

Results: We identified 913 patients with S. suis meningitis included in 24
studies between 1980 and 2015. The mean age was 49 years and 581 of 711
patients were male (82%). Exposure to pigs or pork was present in 395 of
648 patients (61%) while other predisposing factors were less common. 514
of 528 patients presented with fever (97%), 429 of 451 with headache (95%),
462 of 496 with neck stiffness (93%) and 78 of 384 patients (20%) had a skin
injury in the presence of pig/pork contact. The case fatality rate was 2.9%
and hearing loss was a common sequel occurring in 259 of 489 patients
(53%). Treatment included dexamethasone in 157 of 300 (52%) of patients
and was associated with reduced hearing loss in §. suis meningitis patients
included in a randomized controlled trial.

Conclusion: §. suis meningitis has a clear association with pig and pork

contact. Mortality is low, but hearing loss occurs frequently. Dexamethasone

was shown to reduce hearing loss.
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Introduction

Bacterial meningitis is a severe infectious disease with a high mortality and
morbidity. The estimated incidence is 2.6-6 per 100,000 adults per year in
developed countries and several times higher in low-income settings.! Most
pathogens causing bacterial meningitis are transmitted between humans
(e.g., Streptococcus pneumoniae and Neisseria meningitidis), while others
can be acquired through food ingestion (e.g., Listeria monocytogenes).
2 Transmission of pathogens causing bacterial meningitis can also occur
directly from animals to humans, a condition referred to as zoonotic bacterial

meningitis.

One of the most common zoonotic pathogens causing bacterial meningitis
is Streptococcus suis. This pathogen has its natural reservoir in pigs and may
cause meningitis, endocarditis and sepsis in humans after contact with pig or
pork.*“ Due to high pork consumption and frequent small scale pig rearing,
S. suis infection is endemic in South-East Asia, where several outbreaks
and cohort studies of S. suis meningitis have been reported.”® Nevertheless,
cases of S. suis meningitis occur all over the world,” particularly in patients
having occupational contact with pigs or pork, such as abattoir workers and
butchers.” The clinical manifestations, epidemiology and outcome of S. suis
infection in humans were described in a recent systematic review and meta-
analysis.” This review included studies through 2012 and did not review
characteristics of S. suis meningitis separately (the condition comprised 68%
of cases). We performed a systematic review on studies on S. suis meningitis
to define the clinical characteristics, risk factors and outcome of S. suis

meningitis.

Methods

We searched the main databases (PubMed, ScienceDirect, Google scholar)
for published articles describing cases of S. suis meningitis, published from
January 1980 to August 2015. We used the search terms “Streptococcus suis
AND meningitis”, and searched the literature for cohort studies using the
term “Streptococcus suis”. We also searched the reference lists of the articles
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identified by this search strategy and selected those that we judged to be
relevant. Articles written in English, Dutch, French, German, Spanish, Italian
and Portuguese were included. Articles describing at least 5 patients with
S. suis meningitis were included if at least one clinical characteristics or
ancillary investigation was described, unless no sub-analysis for S. suis
meningitis was performed (e.g. S. suis infection or streptococcal meningitis).
All articles meeting the inclusion criteria were read and systematically
processed into a database of clinical data. The variables were as follows:
patient characteristics, predisposing factors, clinical presentation, ancillary
investigations, and outcome. Predisposing factors were defined as 1)
Contact with pigs or pork, defined as preparing pork, consumption of raw
pork or other swine materials (e.g. raw pig blood), occupations related to
pigs or pork (e.g. abattoir workers, butchers), or breeding pigs at home,*
and/or 2) An immunocompromised status for bacterial meningitis caused
by infection with Human Immunodeficiency Virus (HIV), a history of
immunosuppressive medication, cancer, splenectomy, or alcoholism.? When
patients were reported to be ‘not immunocompromised’, we assumed no
immunosuppressive medication, splenectomy or HIV-infection in these
patients. Skin injury was defined as cuts or scrapes, since skin rash could be
misidentified as bruises (as seen in meningococcal sepsis).

As data description was heterogeneous between studies, all data are
presented as number for which a characteristic was present out of the
total number for which the characteristic was evaluated. We described the
relevant characteristics using proportions with 95% confidence intervals (CIs)
for categorical factors (sex, predisposing factors), and mean with standard
deviation (SD) for continuous factors (age, laboratory parameters). For the

latter, medians were converted to means by using proposed formulas.!

Results

Study characteristics

In total, 382 articles were assessed for eligibility (375 by searching the
databases and 7 by cross-checking references) (Fig. 1). 54 articles did not
meet the inclusion criteria as they described S. suis infection in animals. 304

articles were excluded from the review as no cases were described (183
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articles), reporting less than 5 cases (88 articles), no sub-analysis possible for
S. suis meningitis (10 articles), no §. suis infection described (9 articles), no
meningitis described (7 articles), foreign language (5 articles) and duplicate
articles (3 articles). The 24 articles included in the review described 913
patients.” 8101232 The number of included patients per study varied between
5 and 151 (median 21). The median described time-period of the studies was
6 years (ranging from 1 to 23 years). Studies were performed in Thailand
(8 studies), Vietnam (6 studies), Hong Kong (5 studies), the Netherlands (3
studies), China (1 study) and Japan (1 study). Studies composed 10 single
center studies, 4 multi-center studies and 10 nationwide studies. 11 studies

included patients prospectively and 13 were retrospective studies.

Clinical characteristics

The pooled mean age was 48.8 years (SD 3.9, reported in 715 cases) and
581 of 711 patients (82%, 95% CI 79-85%) were male (Table 1). Predisposing
factors consisted of exposure to pig or pork in 395 of 648 patients (61%,
95% CI 57-65%), alcoholism in 60 of 322 patients (19%, 95% CI 15-23%),
diabetes mellitus in 11 of 209 patients (5%, 95% CI 2-8%), cancer in 5 of 85
patients (6%, 95% CI 1-11%), splenectomy in 5 of 507 patients (1%, 95% CI
0-2%) and immunosuppressive medication in 2 of 593 patients (0.3%, 95%
CI 0-0.8%).

The clinical presentation of S. suis meningitis was characterized by fever in
514 of 528 patients (97%, 95% CI 96-98%), headache in 429 of 451 patients
(95%, 95% CI 93-97%), neck stiffness in 462 of 496 patients (93%, 95% CI 91-
95%), an altered consciousness in 35 of 113 patients (31%, 95% CI 23-39%)
and nausea or vomiting

in 210 of 321 patients (65%, 95% CI 60-70%). The classic meningitis triad
of fever, neck stiffness and altered consciousness was present in 4 out of
43 patients (9%, 95% CI 0-18%) % Skin injury in the presence of pig/pork
contact was present in 78 of 384 patients (20%, 95% CI 16-24%).
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382 articles assessed for eligibility

- 375 literature search
- 7 cross-checking references

59 articles not meeting inclusion criteria

- 54 describing animals
- 5 non-West-European language

A
323 articles included

299 articles excluded from review

- 182 no cases described

- 88less than 5 cases
described

- 10 no subanalysis possible

\ 4

- 9no infection described
- 7 no meningitis described
- 3 duplicate articles

A
24 articles used in review

- 8 Thailand

- 6 Vietnam

- 5 Hong Kong
- 3 Netherlands
- 1 China

- 1Japan

Figure 1. Flowchart systematic review Streptococcus suis meningitis

Ancillary investigations

The mean blood leukocyte count was 17.4 x 10°/L (SD 0.9, reported in 322
cases). The mean blood thrombocyte count was 166.3 x 10°/L (SD 19.1,
reported in 213 cases). The mean cerebrospinal fluid (CSF) leukocyte count
was 1920/mm? (SD 757); it was reported in 395 patients and abnormal in
all 913 patients. The mean CSF protein was 2.4 g/L (SD 0.8, reported in 380
patients) and the mean CSF glucose was 1.09 mmol/L (SD 0.60, reported in
177 patients).

Data on cerebrospinal fluid cultures were reported in all 913 patients, and
were positive in 758 (83%, 95% CI 81-85%). Blood cultures were positive in
288 of 435 cases (66%, 95% CI 62-70%). Results of cranial CT were noted in
3 studies describing 27 patients 32 and consisted of cerebral edema in 8
of 27 patients (30%, 95% CI 10-50%).
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Table 1. Clinical characteristics of patients with Streptococcus suis meningitis identified in the

literature

Characteristics n/N* (%)

Age (SD)*P 48.8 (3.9)
Male 581/711 (82%)

Predisposing factors
Alcoholism
Diabetes mellitus
Splenectomy
Immunosuppressive medication
Cancer
Exposure to pigs/pork
Clinical presentation
Skin injury in the presence of pig/pork contact
Headache
Fever
Neck stiffness
Altered consciousness
Classic meningitis triad'
Nausea/vomiting
Blood characteristics
Leukocytes*©
Thrombocytes*
Cerebrospinal fluid characteristics
Leukocytes/mm? , SD*¢
Protein (g/dL), SD*f
Glucose (mmol/L), SD*#
Positive cultures
Cerebrospinal fluid
Blood
Adjunctive dexamethasone
Outcome
Death
Hearing loss
Other sequelae
Full recovery

60/322 (19%)
11/209 (5%)
5/507 (1%)
2/601 (0.3%)
5/85 (6%)
395/648 (61%)

78/384 (20%)
429/451 (95%)
514/528 (97%)
462/496 (93%)
35/113 (31%)
4/43 (9%)
210/321 (65%)

17.4 (0.9
166.3 (19.1)

1920 (757)
2.4(0.8)
1.09 (0.60)

758/913 (83%)
288/435 (66%)
157/300 (52%)

17/581 (3%)
259/489 (53%)
35/286 (12%)
116/320 (36%)

N* number of patients in whom the symptom was reported

"Triad of fever, neck stiffness and altered consciousness

“Means are recalculated from means and medians; Preported in 715 cases; ‘reported in 322 cases;
dreported in 213 cases; ‘reported in 395 cases; ‘reported in 380 cases; ¢reported in 177 cases

Treatment

The majority of patients was treated with ceftriaxone (250 patients) or
penicillin (102 patients) monotherapy; no antibiotic resistance for these
antibiotics was found in the 182 cases where the resistance pattern
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was determined. Antibiotic resistance for tetracycline was reported in 2
studies.” 3 In some studies, patients were treated with either penicillin or
ceftriaxone (101 patients), but the exact number of patients receiving either
treatment was not reported.? * %31 In 454 patients, the type of antibiotic
treatment was unknown. 157 of 300 patients (52%, 95% CI 44-60%) received
adjunctive dexamethasone. The majority of these patients were included
in a randomized controlled trial in which 71 patients received adjunctive
dexamethasone and 69 patients received placebo.” In the other studies,
dexamethasone was given at the discretion of the treating physician.

Outcome

The case fatality rate was 2.9% (17 of 581 patients, 95% CI 1.9-3.9%) and
116 of 320 patients (36%, 95% CI 31-41%) recovered without sequelae. An
association between dexamethasone and death could not be established
because numbers of patients who died were small. Data from the RCT
showed no patients died in dexamethasone group versus three in the
placebo group.’ Hearing loss was present in 259 of 489 patients (53%, 95%
CI 49-57%). 68 of these patients were screened at admission for hearing
loss and this was present in 60 patients (88%, 95% CI 80-96%). According
to a study describing 41 patients with hearing loss in §. suis meningitis,
38 had hearing loss on admission and 3 developed hearing loss during
admission.” Another study described 16 patients with S. suis meningitis
and hearing loss, with hearing loss persisting in 7 patients (44%).”® Other
neurological sequelae were present in 35 of 286 patients (12%, 95% CI
8-16%) and consisted of ataxia in 19 patients, cognitive impairment in 2,
tinnitus in 2, and were not specified in 12.

A randomized controlled trial showed that dexamethasone was significantly
associated with a reduction in hearing loss in at least one ear (38% to 12%,
p = 0.003) and a reduction in severe (>80 dB) hearing loss (odds ratio 0.23
[95% CI, 0.06-0.78)]), using a multivariate analysis including age >50 and
CSF bacterial load.” A recent case series from the Netherlands showed that
despite dexamethasone treatment 6 out of 7 patients with S. suis meningitis
had hearing loss upon discharge.*
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Discussion

Meningitis is the most frequently described presentation of §. suis infection,
occurring in approximately 50-60% of reported S. suis infected patients.’
Despite the geographical distribution, there were no significant differences
for clinical presentation and outcome in S. suis meningitis between the
different studies and low-/high-income countries. In our meta-analysis the
main risk factor for §. suis meningitis was exposure to pigs or raw pork. This
confirms the findings by a single center case-control study from Vietnam
of 101 patients with S. suis infection which showed an odds ratio of 6.33
for occupations related to pigs.'® Another previously reported potential risk
factor was alcoholism, which we identified in 16% of patients. Alcoholism
was not an independent risk factor for contracting S. suis meningitis when

1© However, alcoholism

corrected for other predisposing factors in Vietnam.
has been associated with an increased risk of infection in general and of an

unfavorable outcome of bacterial meningitis.*

Skin injury in the presence of pig/pork contact was described in 20% of the
cases, which is similar to the previously observed 25% skin injuries in all
types of S. suis infections.” S. suis may directly pass into the blood stream
after exposure to pigs or pork in the presence of skin injuries, even without
visible wound infection.!® 103% Patients with an increased risk of infection,
e.g. because of splenectomy or use of immunosuppressive medication,
should avoid direct pig or pork contact when skin lesions, particularly on
the hands, are present. Skin protection has been suggested to reduce the
incidence of S. suis infection.'®

Direct exposure to pigs or pork was described for 61% of meningitis cases.
Direct pig exposure was documented in the majority of the European cases
of §. suis infection, but was reported in less than half of the Asian cases,
suggesting that other mechanisms may be involved in those patients.'® A
recent study showed that the gastro-intestinal tract is an entry site for S.
suis,® supporting the epidemiological evidence that ingestion of S. suis
contaminated food is a risk factor for infection.” 137

The sensitivity of the classic triad of bacterial meningitis consisting of fever,
neck stiffness, and altered mental status was low (9%). This was mainly due
to the low frequency of altered mental status, since other symptoms and
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signs of bacterial meningitis were present in a large proportion of patients.
In patients with a history of regular pig exposure or pork consumption,
hearing loss and these symptoms, meningitis due to S. suis should be
suspected, and CSF examination should be performed to get diagnostic

certainty.’

We found that the mortality of S. suis meningitis was low (3%), especially
when compared with pneumococcal meningitis (20%) and Listeria
monocytogenes meningitis (36%).>*> ¥ The mortality rate was also lower
than reported for general invasive infection caused by . suis (13%).'* The
difference between mortality in S. suis meningitis and other types of S. suis
infection (such as sepsis) has been noted before,*® % but the mechanism
causing this difference needs to be further elucidated.” Similar differences
between meningitis and sepsis case fatality rates have been reported for

invasive meningococcal disease.™

The mortality rate was low but many surviving patients have sequelae.
The most common sequel is hearing loss occurring in 53% of the patients;
variable rates of hearing loss have been reported in other types of bacterial
meningitis, with 8% in meningococcal meningitis and 22% in pneumococcal
meningitis.? Hearing loss in S. suis meningitis may be a presenting symptom
or develop during admission,” and does not always persist.*® Different
hypotheses for hearing loss in §. suis meningitis are described in the literature
such as direct infection of the auditory nerve and suppurative labyrinthitis.*!
For patients with meningitis in whom S. suis is identified, it is important to
consult the otorhinolaryngologist early in the clinical course for audiometry
and evaluate whether cochlear implantation is possible.*

Dexamethasone has been shown to decrease mortality in pneumococcal
meningitis and to decrease hearing loss and neurological sequelae
in all bacterial meningitis cases.” * For §. suis meningitis, an effect on
mortality has not been established.?® One randomized controlled trial on
dexamethasone in bacterial meningitis, performed in Vietnam, included a
substantial number of S. suis meningitis.* A subsequent analysis of all S.
suis patients showed dexamethasone reduced hearing loss in a multivariate
analysis.” As a recent case-series showed, hearing loss is still observed in
patients treated with dexamethasone,?* additional randomized clinical trials
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on the effect of dexamethasone in S. suis meningitis would be desirable to
further evaluate whether there is a benefit. However, it is unlikely such a
trial is going to be performed for practical and financial reasons. Based on
the available evidence, dexamethasone treatment in regions with high rates
of S. suis as cause of meningitis appears reasonable to potentially reduce
the very high rate of post-meningitic hearing impairment.

This review has several limitations. First, most included studies show a
selection bias due to a retrospective character. A recent study showed
evidence of publication bias in S. suis meningitis.’ S. suis meningitis is
probably underreported, and often in numbers of less than 5 cases, which
was an exclusion criterion for this study. Second, reporting of clinical
characteristics, ancillary investigations and outcome was highly diverse
between the included studies. We have presented the total number of
patients in whom the specific characteristic was reported, but we could not
perform a risk factor analysis due to heterogeneity in data. Third, cases of
S. suis meningitis might have been missed due to a negative CSF culture
caused by pre-treatment with antibiotics.

In conclusion, S. suis meningitis is predominantly seen in men after contact
with pigs or pork and is endemic in pig rearing and pork consuming countries
such as Vietnam, Thailand and China. The typical clinical presentation
consists of hearing loss, fever, headache and neck stiffness, and skin injury
in the presence of pig/pork contact is present in 20% of the cases. Although
the mortality of S. suis meningitis is low compared with S. suis infection in
general and other causes of bacterial meningitis, 53% of patients end up

with hearing loss.
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Abstract

Introduction: Bacterial meningitis is a disease with a high morbidity and
mortality. It may be caused by the zoonotic pathogen Capnocytophaga
canimorsus, which is part of the commensal oral flora in dogs and cats.

Methods: We report three cases of C. canimorsus meningitis in a nationwide
cohort study of bacterial meningitis patients and performed a review of the
literature.

Results: Three episodes of C. canimorsus meningitis were identified in three
patients included in a nationwide cohort study from 2006 through 2014. The
calculated annual incidence was 0.03 per million adults. When combined
with the literature, 33 patients were identified of which 28 were male (85%).
The median age was 63 years, and 13 (42%) were immunocompromised,
which consisted of alcoholism in 7 (21%). Animal contact could be
established in 29 of 30 patients (93%) and consisted of dog bites in 22 of
29 (76%). One patient died (3%) and 8 had neurological sequelae upon
discharge (25%), most often hearing loss (n = 6, 19%).

Conclusion: Capnocytophaga canimorsus meningitis is associated with dog

bites. Although mortality is relatively low, survivors often have neurological

sequelae.
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Introduction

In the Netherlands, the incidence of bacterial meningitis is 2.6-6 per
100.000 adults per year.! Bacterial meningitis is caused by Streptococcus
pneumoniae and Neisseria meningitidis in approximately 85% of adults.?
Most pathogens causing bacterial meningitis are transmitted between
humans (S. pneumoniae, N. meningitidis, Haemophilus influenzae) while
others can be acquired through food ingestion (Listeria monocytogenes).*
Transmission of pathogens causing bacterial meningitis can also occur from
animals to humans, known as zoonotic bacterial meningitis.

One of these zoonotic pathogens is Capnocytophaga canimorsus.
This pathogen is part of the commensal oral flora in dogs and cats and
may cause meningitis, other infections and sepsis, especially in the
immunocompromised.* We report three cases of C. canimorsus meningitis
of which two occurred in healthy individuals. Additionally, we performed

a systematic review of the literature on cases of C. canimorsus meningitis.

Methods

In a prospective nationwide observational cohort study in the Netherlands,
we included episodes of community-acquired bacterial meningitis confirmed
by culture of cerebrospinal fluid in adults. Methods have been described
previously.? In summary, patients were at least 16 years of age and were
listed in the database of the Netherlands Reference Laboratory for Bacterial
Meningitis (NRLBM) from January 2006 to December 2014. This laboratory
receives cerebrospinal fluid (CSF) isolates from approximately 90% of all
patients with bacterial meningitis in the Netherlands. The NRLBM provided
daily updates of the names of the hospitals where patients with bacterial
meningitis had been admitted in the preceding days. Physicians were
contacted, and written informed consent was obtained from all participating
patients or their legally authorized representatives. From this cohort, we
selected all patients with C. canimorsus grown in CSF or blood. Episodes
reported by physicians with negative CSF cultures could also be included
if all of the following criteria were present: (i) blood cultures showed C.
canimorsus, (i) CSF analysis showed at least one individual predictor of
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bacterial meningitis defined as a glucose level of <1.9 mmol/L, a ratio of
CSF glucose to blood glucose of <0.23, a protein level of more than 2.20
g/L, or a leukocyte count of more than 2000/mm?* and (iii) the clinical
presentation was compatible with bacterial meningitis.

Excluded were the following: (i) patients with hospital-associated meningitis,
(i) patients with a neurosurgical device (implant) in situ and (iii) patients
who had undergone a neurosurgical operation within one month before the
onset of bacterial meningitis. An immunocompromised status was defined
as: patients who used immunosuppressive drugs, patients with asplenia,
diabetes mellitus, alcoholism, or infection by human immunodeficiency
virus (HIV).?

The study was approved by the ethics committee of the Academic Medical
Centre, Amsterdam, The Netherlands.

A literature search was performed using the terms ‘canimorsus AND
meningitis’ and ‘fermenter AND meningitis’, as the former name of
Capnocytophaga canimorsus was dysgonic fermenter type 2. All articles
were checked for cross-references. Articles written in English, Dutch, French,
Spanish, German, Italian and Portuguese were included. Articles written in
other languages and articles concerning children or animals were excluded.
We excluded articles in which subanalysis for C. canimorsus meningitis was
impossible or lacking proper description of cases and articles describing
patients in whom no CSF analysis was performed

Results

In our cohort, 1561 cases of bacterial meningitis were included. Bacterial
meningitis was caused by C. canimorsus in 3 cases. The calculated annual

incidence was 0.03 per million adults (Tables 1 and 2).

Case 1

A 78-year-old man without medical history was found unconscious at his
home. Physical examination showed a temperature of 37.7°C, neck stiffness
and an altered mental status; he opened his eyes on command and performed
simple tasks, but did only speak a few words (score on Glasgow Coma
Scale E3M6V3). Cranial CT was performed and showed no abnormalities.
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A lumbar puncture revealed opalescent CSF with 901 leukocytes/mm?,
a protein concentration of 3.46 g/L and a glucose concentration of 1.4
mmol/L. The patient was admitted to the intensive care and treated with
intravenous (i.v.) amoxicillin 2 g six times daily for 10 days, i.v. ceftriaxone 2
g two times daily for 2 weeks and i.v. dexamethasone 10 mg QID for 4 days.
After 3 days, CSF and blood cultures showed C. canimorsus. He regained
consciousness within 24 h and recovered completely. He remembered being
bitten by his dog four days prior to admission. He was discharged without

sequelae.

Case 2

A 37-year-old man presented on the emergency department with fever,
headache and nausea. Medical history revealed alcohol abuse. He was
bitten by a dog four days prior to admission. Physical examination showed
a temperature of 38.5°C and a generalized rash, but no other abnormalities.
Cranial CT showed no abnormalities. Lumbar puncture revealed opalescent
CSF with 2376 leukocytes/mm?, protein concentration of 2.61 g/L and
glucose concentration of 3.7 mmol/L. He was treated with i.v. amoxicillin
2 g six times daily for 3 days, i.v. ceftriaxone 2 g two times daily for 20
days, i.v. acyclovir for 3 days and i.v. dexamethasone 10 mg QID for 4 days.
After 5 days, CSF cultures showed C. canimorsus; blood cultures remained
negative. The rash and fever disappeared, but headache, disorientation and
concentration problems persisted; he was discharged to a rehabilitation
facility.

Case 3

A 60-year-old man presented with fever and headache since three days. His
medical history revealed a basal cell carcinoma on his right ear. Previous
animal contact was unknown. Physical examination showed a generalized
rash, a temperature of 38.5°C and an altered mental status; patient opened
his eyes on command, localized to pain and produced sounds but no
recognizable words (score on Glasgow Coma Scale E3M5V2). Lumbar
puncture revealed clear CSF containing 828 leukocytes/mm?, protein
concentration of 1.9 g/L and glucose concentration of 3.0 mmol/L. The
patient was treated with amoxicillin 2 g four times daily for 2 weeks,
meropenem 2 g three times daily for 12 days, ceftriaxone 2 g two times
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daily for 1 day and dexamethasone 10 mg QID for 4 days. After 5 days, the
CSF and blood culture showed C. canimorsus. The patient recovered and

was discharged without sequelae.

Table 1. Clinical characteristics of patients with Capnocytophaga canimorsus meningitis identified
in our cohort

Characteristics Case 1 Case 2 Case 3
Year of admission 2008 2013 2013
Age 78 37 60
Gender Male Male Male
Predisposing factor None Alcoholism None
Dog contact Bitten Bitten Unknown
Clinical characteristics

Temperature (°C) 37.7 38.5 38.5

Headache Unknown Yes Yes

Neck stiffness Yes No No

Glasgow Coma Scale 12 15 10
Cerebrospinal fluid findings

CSF leukocyte count/mm? 901 2376 828

CSF protein (g/L) 3.46 2.61 1.90

CSF glucose (mmol/L) 1.4 3.7 3.0
Cerebrospinal fluid culture + + +
Blood culture + - +
Cranial CT Normal Normal Not done

Empirical treatment

Antibiotics Amoxicillin, Amoxicillin, Amoxicillin,
ceftriaxone ceftriaxone ceftriaxone,
meropenem
Dexamethasone Yes Yes Yes
Outcome Complete recovery Hearing loss, Complete recovery
cognitive defects,
ataxia

Abbreviations: CSF: cerebrospinal fluid; CT: Computed Tomography

Review of the literature

We searched the literature and found 32 articles. Five additional articles
were added by cross-reference checking. One article described a child
and was therefore excluded. Fifteen more articles were excluded as no C.
canimorsus meningitis cases were described (10 articles). Subanalysis for
C. canimorsus meningitis was not possible in three articles. One article
was excluded because it was in Danish and another article described a
case that had been described elsewhere. For the review, 21 articles were
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used, describing 30 cases.*? (Table 3) We combined the cases identified
in our cohort with the cases reported in the literature, describing a total of
33 cases of C. canimorsus meningitis. The median age was 63 years (range
26-83) and 28 of 33 patients were male (85%). Thirteen of 31 patients (42%)
were immunocompromised: seven had a history of alcohol abuse, three had

undergone a splenectomy, and three used immunosuppressive medication.

Table 2. Clinical characteristics, etiology and clinical outcome for adults with Capnocytophaga
canimorsus meningitis; combination of our patients and patients reported in the literature

Characteristics n/N (%)

Median age 63

Male sex 28/33 (85)

Immunocompromised 13/31 (42)
Alcohol 7
Splenectomy 3
Immunosuppressive medication 3

Animal contact 29/30 (97)
Bitten 22 (76)
Not bitten, but dog owner 57
Wounds licked by dog 13
Scratched by cat 13

Clinical presentation
Headache 19/28 (68)
Fever 26/28 (93)
Neck stiffness 17/28 (61)
Altered mental status 14/28 (50)
>2 predictive symptoms* 27/28 (96)
Meningitis triad® 8/28 (29)

Cerebrospinal fluid characteristics
Median CSF leukocyte count/mm? 951
Median CSF protein (g/L) 1.91
Median CSF glucose (mmol/L) 1.9
Individual predictive factors® 18/26 (69)

Positive cultures
Cerebrospinal fluid 26/33 (79)
Blood 12/14 (86)

Complications
Death 1/33 (3)
Hearing loss 6/32 (19)
Other sequelae 3/32.(9)

Abbreviations: CSF: cerebrospinal fluid

At least two of the four symptoms of headache, fever, neck stiffness and altered mental status;
"defined as fever, neck stiffness, and altered mental status; ‘defined as a CSF leukocyte count above
2000/mm?, a CSF protein above 2.2g/L, or a CSF glucose <1.9mmol/L



Chapter 5

ON 4SO MOT  Paread[q 00LT< UN aq sodg ON W 08 0S¥
yeap
‘JSa11E DBIPIED aSD MOT  PareAd[T ove AN 211q 8o ON N ¥L wSTod
ON ASD UN AN AN Piee a1q soq ON N LS «Uor]
ON ¢ 'poolq ‘¥ :1SD UN AN AN BT a1q soq wsHOYyodTv N ¥¢ s UOrT
ON ¥ :Poo[q ‘¢ :ASD 0¢ 01'C L6S A a1q soq ON N €9 wESurdweyy
ON ﬂ SO mm ﬂNN OONm NJ @ﬁﬁ MCD MHGwathQSmCGSEEH W WO 1 ZOJOIPUS I\
ON 6 4SO 81 91 over YT 21q 80( WSHOYOoTy N < olTEON 9T
UONEBIUDLIOSIP 7 'poolq spunom
‘erwoneuodA  9ARESSU JSD 61 68°¢ 0ZL1 ' payr 8o wsHOYod[V N €9 uuewsaparg
ON L *POOIq ‘G :dSD 8’1 69T 1001 ¢t a1q soq WIS[OYyoo1y W ¥s HURAMNOD
ON 8T 4SO 01 20°¢ 000% PiCiTiL Joumo o ON N 09 a3on0Iq
ON T SO 0C 8T'¢ ocet VT a1q 8o ON N <9 ISty
ON SANESOU 148D 10 61 8CIT y'¢  1oumo SoQ AydessopAn d 99 nisrd
6 Poolq
ON OANESDU 118D 0T 1 99¢T 4 ON ON N 8¢ 0r¥204d 2d
ON Z1 :dSD LT cLT $Z701 0%iCiT anq 3o swessarddnsounuwg W 69 o30d 2
$SO[ SuLeaH 9 :dSD 9°¢ 290 0L 9'C' T T anq 8o ON W 09 snoqro
ON 9 :poolq ‘C :SD 9T 18°0 0cy 9'¢T'T ang soq ON W 09 snoqro
$SO[ SulIEaHq Z 4SO e 6L0 0¢L ST a1q soq ON W %9 YUOseD
$SO[ SulIEdH 9 :4SD z0 12°¢C yeT pictT a1q 8o ON N 6L [PeIuoN
sso[ Sunreay
‘wre s
sisared juarsuel], [SEE [Ne) ST 16T 0z12 71 21q 3o Awoouordg 1 L9 ,PeIUOIN
$SO[ SulEaH T :dSD 0 9LT y181 cer 21q 8o wsIOYody N 99 PEIUOW
L :poo[q
SIOINOLIUIA ‘9ANESaU 118D 20 0L'C €< araat a1q 3o wiSIOYod[y W 9¢ &vaom
(1/10wwr) (1/9) surar
2Immo 9osoon[3 urjoxd  / 3unod 9340 10BJUO0D SUONIPUOD
suonedrdwoy  aamisod jo Aeq ASD ASD  -oynof 4SO swoyrdwAg [ewruy Suisodsipaig 1opusn o3y Apmg

sjuaned INO YIm pauIquuIod ‘DIneId)] 2yl ul payodar spiSutuaw sus.ouupd pspgdoidoudp) Jo sase) "¢ d[qe],

54



Capnocytophaga canimorsus meningitis

eiqoydoloyd :9 ‘ssof SULIEaY :¢ SNIEIS [EIUSW PIIDI[E i SSOUIJNS JO2U ¢ 10AdJ i Dudepeay T :swoidwig
SONOINUE YIIM Paleal] 10U sem Juaned Siyl, ‘UBIUYDa1 ASO[OIPET PUE ISISO[OIPET SUTUMO-S0p B Aq AydeIiSopAw e juamiopun juaned SIy L,
prny 1eurdsoIqaiod 1§D d[ewdj 1 Orew (N ‘partodar 10U YN SUONLIARIGY

ON ¢ POO[] ‘G ISD 0¢ 06'1T |78 ¥l UMOUNU[]  BUWOUIDIED [[aD [eseqg W 09 Apms s1y,
snjruun ‘erxele
quowaredur aAnedou
2ANIuB0D  :poolq ‘G 4SO L€ 19¢ 9/£T 1 a1q 8o wsI[OYody W L€ Apris siy,
ON ¢ :Poo[q ‘¢ :dSD 1 o'¢ 106 pe 21q 8o ON N 8L Aprus sy,
ON € :dSD 1 vT cLS 0'¢'T'T  Joumo So( ON d 99 PPY-H0JO
¢ :poojq
ON ‘9ATIESDU 19D 11 S 0zS 07T YoIeIds 1) Awoyoouardg W 9z cAoadre)
ON T :48D 4 LT 481 9T 21q 8o ON W €9 yUeyD
T :poo[q
SSO[ SULEOH  ‘DANESIU JSD L€ z€0 08% Ci¢'T' T Ioumo So( ON 4 6¢ GPSUBW]
Ud1eRNs
ON 148D AN AN 0002 yi¢tz  ouq Sod Awoouardg d <L UBA-JOXY]
ON € :poo[q ‘C :4SD ¥z 651 254 Tl auq soq ON N LS 12UPUE[g
ON ASD MOT  PareAd[q 00L1I< WU'N Joumo 30 umouun W %L ozS¥d
ON 2AnE3aU (19D MOT  pareAd[g 00L1< UN N umouu) W 0eSTdd
ON ASD MOT  PareAd[q [S74 UN WUN  siuessorddnsounwiup W ¢8 0eSTdd



Chapter 5

Animal contact was known in 30 of 33 patients (91%). In one of these 30
patients, no animal contact could be identified."” For the other patients, the
majority was bitten by a dog (22 of 29, 76%); none of these had a wound
infection at the site of the bite. In the remaining seven patients, five owned
a dog,!t 1320226 one was scratched by a cat,”” and one patient let his dog
lick his varicose wounds."

The clinical presentation was reported in 28 patients. Headache was present
in 19 patients (68%), fever (temperature >38°C) in 26 (93%), neck stiffness
in 17 (61%), altered mental status (score on Glasgow Coma Scale <13) in 14
patients (50%) and four patients (14%) presented with hearing loss. Twenty-
seven patients (96%) had at least two of the four symptoms of headache, fever,
neck stiffness and altered mental status. The classic meningitis triad of fever,
neck stiffness and altered mental status was present in eight patients (29%).

Lumbar puncture was performed in all patients, and results of CSF analysis
were reported for 31 cases. Typical abnormalities predictive of bacterial
meningitis were present in 18 of 26 patients (69%).

CSF leukocyte count was reported for 28 cases. CSF leukocytes were elevated
in all patients. The median CSF leukocyte count was 951/mm?, ranging from
70 to 2376/mm?. Fourteen of 31 patients (45%) had a leukocyte count under
1000/mm?. CSF protein was reported in 25 cases and showed a median CSF
protein of 1.91 g/L, ranging from 0.32 to 5.02 g/L. CSF glucose concentration
was reported in 25 cases and showed a median CSF glucose of 1.9 mmol/L.

CSF culture was performed in all and was negative in seven patients (21%). In
six of those patients, the blood culture became positive, and C. canimorsus
meningitis was diagnosed based on the positive blood culture combined
with CSF abnormalities. In the other patient, the cultures remained negative,
but after 8 weeks CSF broad PCR targeted at the bacterial 16S rRNA gene
followed by sequencing was performed which showed C. canimorsus.*!
CSF cultures became positive after a median of 5 days (range: 2-18, 25-75%
range: 3-6; known for 21 cases). In six cases, CSF cultures became positive
after the fifth day (29%). Results of blood culture were reported for 14
patients and were positive in 12. Median time to blood culture positivity was
4.5 days (range 1-9); blood cultures remained negative in two cases.
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Complications during admission were present in two patients; one patient
developed ventriculitis and one patient developed hyponatremia. One
patient died due to cardiac arrest (mortality 3%).* Sequelae were present
in eight of 32 surviving patients (25%) and consisted of hearing loss in six
(19%), cognitive impairment in two, and ataxia and tinnitus in one patient.
There was no significant difference for complications between patients
with and without an immunocompromised status (five complications in 13
patients (38%) versus five complications in 20 patients (25%), p = 0.46,
Fisher’s Exact test). The rate of complications was higher in patients with
alcoholism compared with those without (four in seven patients (57%)
versus six in 26 patients (23%), p = 0.106, Fisher’s exact test), although this
did not reach statistical significance.

Discussion

Capnocytophaga canimorsus meningitis has a calculated annual incidence
of 0.03 per million in the Netherlands. Only 30 cases have been reported in
the literature, reflecting the rarity of Capnocytophaga canimorsus as cause
of bacterial meningitis. Dog or cat contact could be established in all but
one patient. Approximately 164 million American households (63%) have at
least one cat or dog,?” and over 350 000 Americans are treated for non-fatal
dog bite-related injuries on annual basis.”” As C. canimorsus is present in
respectively 21% and 19% of the oral flora of cats and dogs,* the chance of
developing C. canimorsus meningitis after a dog bite is very low. However,
post-exposure antibiotic therapy after a dog bite probably prevents infection

by canine pathogens.

Male gender and an immunocompromised state (mostly splenectomy and
alcoholism) were found to be relatively frequent in C. canimorsus meningitis
patients. Seven patients diagnosed with C. canimorsus meningitis in this
study had a previous history of alcoholism. Alcoholism is a risk factor of
bacterial meningitis and has been associated with a high rate of unfavourable
outcome.” Three cases identified in the literature were found to occur in
patients who had undergone splenectomy. Patients without functional
spleen due to splenectomy or functional asplenia are at increased risk for
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(fulminant) bacterial sepsis and meningitis, and require regular vaccination
against common pathogens of meningitis such as pneumococci.® In the
population of C. canimorsus meningitis, the number of splenectomised
patients is relatively high, suggesting this to be a risk factor. Prophylactic
treatment of splenectomised patients who are bitten by dogs should
therefore be considered.?!

C. canimorsus sepsis is reported to have a more fulminant course involving
more complications in immunocompromised patients compared with
immunocompetent patients.’” ** In our meta-analysis, we did not find
that immunocompromised patients had a worse outcome compared with

immunocompetent patients.

We found that the median time for the CSF culture to turn positive in C.
canimorsus is 5 days, with a range of 1-19 days, and 29% of CSF cultures
become positive after the fifth day. This implies that cultures from meningitis
patients with dog contact should not be discontinued early. C. canimorsus
is a slow-growing, gram-negative rod which is difficult to culture on blood
agar.’® The gold standard for detecting C. canimorsus in culture-negative
CSF is 16S rRNA gene amplification followed by sequencing of the PCR
product, which is a highly sensitive molecular method and has been widely
implemented.'* 3 In patients with meningitis after dog bites and negative
CSF cultures after 24 h, 16S rRNA gene amplification followed by sequencing
of the PCR product might be used to detect C. canimorsus, as was described
in one case.

Capnocytophaga canimorsus strains can also be identified with MALDI-TOF
(matrix-assisted laser desorption/ionisation time-of-flight analyser): in one
study, it was able to identify six of six blood C. canimorsus strains, 13 of 14
wound strains and two of two ATCC reference strains.*

Other pathogens than C. canimorsus originating from dogs have been
described to cause meningitis. Capnocytophaga cynodegmi, a similar
pathogen, may cause several infections, varying from a local wound
infection to endocarditis and meningitis, and is more frequently found in
the immunocompromised.* The clinical characteristics are similar to those
of C. canimorsus meningitis and it may be hard to distinguish between C.
cynodegmi and C. canimorsus microbiologically.?* 35 As both respond to the
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recommended empirical antibiotic treatment used for meningitis,” the exact
subtyping is clinically less relevant. Another pathogen found in the oral
cavity of healthy dogs is Pasteurella multocida. This pathogen is reported
to cause infections in previously healthy individuals after animal bites
and animal kissing.?> 3 Patients with P. multocida meningitis occasionally
have accompanying neurological diseases such as encephalitis.’” *® In the
literature, the most frequently used therapy is penicillin, but resistance
has been reported; therefore, the recommended antimicrobial therapy is

meropenem or vancomycin.*

Limitations of this study were that only patients with culture-proven C.
canimorsus meningitis were included in our cohort study and the literature
review, as 21% of the reported patients in our meta-analysis have a negative
CSF culture and 16S rRNA analysis is not performed standardly. As post-
exposure antibiotic prophylaxis is regularly administered after a dog bite,
this may be a cause of negative CSF cultures. Furthermore, not all patients
with suspected bacterial meningitis may undergo a lumbar puncture, for
example patients with coagulopathy due to sepsis or those with space
occupying lesions on cranial imaging. This may have led to a possible
underestimation of the incidence of C. canimorsus meningitis. In our meta-
analysis, specific characteristics of interest were not always available in
the retrieved case reports. Therefore, we have presented the total number
of patients for whom the specific characteristic was reported. In addition,
we restricted our cases to the adult population. The main focus of our
research is bacterial meningitis in adults, and we excluded children from
the literature review. Finally, publication bias may play a role in the small

number of cases reported.

In conclusion, C. canimorsus meningitis is a rare disease. It has a clear
association with dog bites and an immunocompromised status. As CSF
cultures may remain negative during the first days, molecular diagnostic
tools based onl6S rRNA gene amplification of bacterial DNA in CSF
following PCR is recommended in patients with meningitis after a dog bite
and negative initial CSF cultures. When bacterial meningitis occurs after a
dog bite, other pathogens originating from dogs as a cause of the bacterial
meningitis should be kept in mind when the choice for empirical antibiotic
treatment is made.
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Abstract

Introduction: The zoonotic pathogen Campylobacter fetus is a rare cause
of bacterial meningitis. Little is known about the clinical characteristics,

predisposing factors and outcome of C. fetus meningitis in adults.

Methods: We report cases of C. fetus meningitis in a nationwide cohort study
of adult bacterial meningitis patients in the Netherlands and performed a
review of the literature.

Results: Two patients with C. fetus meningitis were identified from January
2006 through May 2015. The calculated annual incidence was 0.02 per
million adults. Combined with the literature, we identified 22 patients with
a median age of 48 years. An immunocompromised state was present in
16 patients (73%), mostly due to alcoholism (41%) and diabetes mellitus
(27%). The source of infection was identified in 13 out of 19 patients (68%),
consisting of regular contact with domestic animals in 5 and working on
a farm in 4. Recurrent fever and illness was reported in 4 patients (18%),
requiring prolonged antibiotic treatment. Two patients died (9%) and 3

survivors (15%) had neurological sequelae.

Conclusion: C. fetus is a rare cause of bacterial meningitis and is associated
with an immunocompromised state. Based on the apparent slow clinical
response seen in this limited number of cases, the authors of this study
recommend a prolonged course of antimicrobial therapy when C. fetus is
identified as causative agent of bacterial meningitis. Cases appeared to do
best with carbapenem therapy.
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Introduction

Bacterial meningitis is a severe infectious disease requiring prompt antibiotic
treatment. Most cases are caused by Neisseria meningitidis and Streptococcus
pneumoniae, which are both part of the commensal nasopharyngeal flora
in humans.! Bacterial meningitis is rarely caused by bacteria having their
natural reservoir in animals. One of these so-called zoonotic pathogens is
Campylobacter fetus (formerly Vibrio fetus, Spirillum serpens), which is part
of the commensal flora in the gastro-intestinal tracts of sheep and cattle.?
C. fetus meningitis occurs worldwide, but little is known about its clinical
characteristics, predisposing factors and outcome. We report 2 cases of C.
Jfetus meningitis from a nationwide cohort of bacterial meningitis patients in
the Netherlands. Additionally, we performed a review of the literature on C.
Jfetus meningitis.

Methods

We included patients with community-acquired bacterial meningitis in a
nationwide prospective cohort study in the Netherlands between January
2006 and May 2015. Methods have been described previously.! Patients were
listed in the database of the Netherlands Reference Laboratory for Bacterial
Meningitis (NRLBM), which receives >90% of the cerebrospinal fluid (CSF)
isolates of all adult patients (>16 years) with CSF culture confirmed bacterial
meningitis. The NRLBM provided daily updates of the hospitals where the
patients were admitted and the patients’ physicians, who were subsequently
contacted. Physicians could also include patients without report of the
NRLBM. Written informed consent was obtained from all patients or their
legally authorized representatives. The study was approved by the medical
ethical review board of the Academic Medical Center, Amsterdam, the
Netherlands.

From the cohort, we selected patients with C. fetus meningitis. Additional
information on risk factors was retrospectively collected from the discharge
letters. Patients were considered immunocompromised if they had
cancer, diabetes mellitus, alcoholism, asplenia, HIV-infection, or use of

immunosuppressive medication.
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Individual predictive factors in the cerebrospinal fluid were defined as
follows: a glucose level of < 34 mg/dL (1.9 mmol/L), a ratio of CSF glucose
to blood glucose of < 0.23, a protein level of > 220 mg/dL, or a leukocyte
count of > 2000/mL (Spanos criteria).?

Review of the literature
We performed a literature search using the search terms “Campylobacter

”»

fetus AND meningitis,” “ Vibrio fetus AND meningitis,” and “Spirillum serpens
AND meningitis”. Studies written in English, German, French, Dutch,
Spanish, Ttalian, and Portuguese were included. Articles describing animals
and articles describing children were excluded. We also excluded articles in
which no subanalysis for C. fetus meningitis cases was performed, or when
no clinical characteristics were described. Additional studies were identified
by cross-checking references.

In a meta-analysis of clinical data we systematically scored clinical
presentation, predisposing factors, ancillary investigations, and outcome.
Differences between groups were calculated by means of Fisher’s Exact
Test.

Results

Case reports in prospective nationwide cohort study

Two patients with C. fetus meningitis were identified in our nationwide
cohort consisting of 1732 patients (0.1%). The calculated annual incidence
of C. fetus meningitis in the Netherlands was 0.02 per 1,000,000 adults.

Case 1

A 23-year-old woman presented at the emergency department with fever,
headache, and earache since 4 weeks and severe neck pain since 3 days.
She was previously healthy and had been in regular contact with horses,
dogs, rabbits, and guinea pigs. Physical examination showed fever and
neck stiffness but no other abnormalities. Blood laboratory examination
was normal. CSF examination was consistent with meningitis (Table 1) and
the patient was treated with amoxicillin, ceftriaxone, and acyclovir. Cultures

became positive for C. fetus subspecies fetus after 9 days. Amoxicillin and
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acyclovir were discontinued and ceftriaxone was continued for 2 weeks.
The patient was discharged, but mild vertigo and a decreased sense of smell
remained. One week after discharge, the patient presented with a subfebrile
temperature (38-38.5°C) and headache. Repeated CSF examination was
consistent with meningitis (Table 1). Despite prolonged treatment with
meropenem, the patient’s complaints lasted for a total of 4 weeks. Extensive
ancillary investigations did not reveal any underlying illness. The patient
was not able to resume her studies due to persisting fatigue and cognitive
defects.

Case 2

A 52-year-old previously healthy farmer presented at the emergency
department with headache and fever since 10 days and a stiff neck since
2 days. Physical examination showed fever and neck stiffness. Blood
laboratory examination showed 11.9 x 10° leukocytes /L and a C-reactive
protein of 206 mg/L. CSF examination was consistent with meningitis (Table
1. The patient was treated with ceftriaxone and amoxicillin for 2 weeks and
received adjunctive dexamethasone 10 mg 4 times a day for 4 days. CSF and
blood cultures were positive for C. fetus subspecies fetus. The patient was
discharged in good clinical condition, but after a week, he came back to
the hospital because of recurrent headache and fever. Physical examination
showed fever but no other abnormalities. Blood laboratory examination
showed 10.8 x10? leukocytes/L, and CSF examination was consistent with
bacterial meningitis (Table 1). CSF cultures were not repeated. The patient

was treated with meropenem for 3 weeks and fully recovered.

Review of the literature

We identified a total of 18 relevant articles published between 1960 and
2013 (Figure 1).*%' Combined with our cases, 22 adult patients with C.
Jfetus meningitis were identified (Table 2, Table 3) with a median age
of 48 years (range 23-84 years). Sixteen patients were men (73%). An
immunocompromised state was present in 16 out of 22 patients (73%, 95%
CI 54-92%) and consisted of alcoholism in 9 patients, diabetes mellitus in 0,
use of immunosuppressive medication in 2, and leukemia and asplenia in 1
patient each. The source of infection was identified in 13 out of 19 patients
(68%, 95% CI 47-89%) and consisted of frequent contact with domestic
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animals in 5 patients (38%, 95% CI 12-64%), working on a farm in 4 (31%,
95% CI 10-52%), frequent contact with rats in 3, consuming raw meat in 2,
and working in an abattoir and chewing khat in an animal sanctuary in 1
patient each (Table 1). One patient cared for sick animals before developing
meningitis.?® Both an immunocompromised state and an identified source of
infection were present in 7 out of 19 patients (37%, 95% CI 15-59%).

Table 1. Clinical characteristics, etiology and clinical outcome for cases of Campylobacter fetus
meningitis in our cohort

Characteristics Case 1 Case 2
Year of admission 2013 2015
Age 23 52
Gender Female Male

Predisposing factor - -
Source of infection Domestic animals, worked Farmer

on a farm

First episode  Readmission First episode Readmission
Clinical presentation

Temperature (°C) 38.5 38.5 39.3 Fever

Headache + + + +

Neck stiffness + - + -

Glasgow Coma Scale 15 15 15 15
Cerebrospinal fluid characteristics

CSF leukocyte count/mm? 308 28 243 2501

CSF protein (g/L) 0.90 0.22 1.76 1.32

CSF glucose (mmol/L) 1.7 2.7 1.0 2.5
CSF culture + Not done + Not done
Blood culture - Not done + Not done

Empirical treatment

Antibiotics Amoxicillin, Meropenem Amoxicillin,  Meropenem
ceftriaxone ceftriaxone
Dexamethasone - - + -
Outcome Concentration problems Full recovery

Abbreviations: CSF: cerebrospinal fluid

Presenting symptoms were reported in all 22 patients and consisted of
headache in 14 (64%, 95% CI 44-84%), fever in 20 (91%, 95% CI 79-100%),
neck stiffness in 13 (59%, 95% CI 38-80%), and an altered consciousness

in 10 patients (45%, 95% CI 24-66%). The classic triad of fever, neck stiffness,
and an altered consciousness was present in 4 patients (18%, 95% CI 2-34%).
At least 2 of the 4 symptoms of headache, fever, neck stiffness, and an
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altered consciousness were present in all patients. There was no association
between the presence of fever and an immunocompromised state (p = 0.48)

The results of blood investigations were reported in 15 patients. The median
leukocyte count was 12.2 x 10°/L (range 5.4-29.3 x 10°). The blood leukocyte
count was considered normal (range 4.0-10.0 x 10°/L) in 4 patients.

CSF examinations were performed in all patients; CSF was abnormal in all
(Table 2, Supplementary table 1). Individual CSF predictive factors were
present in 10 out of 19 patients (53%, 95% CI 31-75%), mostly due to a
decreased CSF glucose (6 patients). The CSF leukocyte count was less <1000
per mL in 11 patients (52%, 95% CI 31-73%), ranging from 48 to 11,000
leukocytes per mL. There was no association between a CSF leukocyte
count of < 1000 per mL and an immunocompromised state (p = 1.00) or
alcoholism (p = 0.66).

CSF cultures were positive in 17 out of 22 patients (77%, 95% CI 59-95%); in
5 patients, CSF cultures were negative, whereas blood cultures were positive
(23%, 95% CI 5-41%). Blood cultures were positive in 19 out of 22 patients
(86%, 95% CI 71-100%). Both CSF and blood cultures were positive in 14
out of 22 patients (64%, 95% CI 44-84%). C. fetus subspecies fetus was the
causative organism in all cases.

Antibiotic treatment was highly diverse and the primary antibiotic treatment
mainly consisted of beta-lactam antibiotics, such as penicillin (between 1960
and 1970), amoxicillin, ampicillin, and ceftriaxone (from 1985 onwards).
In 11 patients (50%, 95% CI 29-71%), the antibiotic treatment was altered
after the cultures became positive for C. fetus. The duration of antibiotic
treatment was reported in 9 patients: 7 patients were treated for 4 weeks, 1
patient for 5 weeks (case 2), and 1 patient for 6 weeks (case 1).

Outcome was reported in all 22 patients: 2 patients died (9%, 95% CI 0-21%).*1¢
Three out of 20 survivors (15%, 95% CI 0-31%) had an unfavorable outcome:
1 patient remained comatose, 1 patient had a persisting hemiparesis, and 1
patient had persisting fatigue and concentration problems (case 1). There
was no association between any cause of an immunocompromised state
and unfavorable outcome (p = 0.59).
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60 articles assessed for eligibility

55 literature search
5 cross-checking references

19 articles not meeting inclusion criteria

A 4

- 10 describing children
- 8non-West-European language
- 1 describing animals

A

41 articles included

23 articles excluded from review

- 8mno cases described
- 7 no meningitis

- 6no C. fetus

- 1 duplicate article

- I notavailable

A

18 articles used in review

Figure 1. Flowchart review of the literature Campylobacter fetus meningitis

4 out of 22 patients (18%, 95% CI 2-34%) had persisting or recurrent fever
and headache, for which they were readmitted to the hospital for antibiotic
treatment.® '® In 1 patient, the isolated C. fetus strain was resistant to the
prior administered antibiotics (penicillin), and repeated blood and CSF
cultures remained positive until another antibiotic agent (tetracycline)
was administered.’® However, in the other 3 patients, the C. fetus isolate
was susceptible to the antibiotics administered during the first admission
(ceftriaxone and amoxicillin in 2 and cefotaxime and vancomycin in 1).
After a 3-week treatment with meropenem (2 cases) and ofloxacin and
gentamicin (1 case), fever and headache disappeared. In 2 of these 3 patients
(case 1 and case 2), no new cultures were performed before this treatment,
and in the other patient, new CSF and blood cultures remained negative.®
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Table 2. Clinical characteristics, etiology, and clinical outcome for Campylobacter fetus meningitis;
combination of our patients and patients reported in the literature

Characteristics n/N (%)
Median age (range) 48 (23-84)
Male sex 16/22 (73)
Immunocompromised 16/22 (73)
Alcoholism 9/16 (56)
Diabetes mellitus 6/16 (38)
Immunosuppressive medication 2/16 (13)
Haematological malignancy 1/16 (6)
Splenectomy 1/16 (6)
Identified source of infection 13/19 (68)
Frequent contact with domestic animals 5/13 (38)
Working on a farm 4/13 (3D
Frequent contact with rats 3/13 (23)
Consuming raw meat 2/13 (15)
Working in an abattoir 1/13 (8)
Chewing khat in an animal sanctuary 1/13 (8)
Clinical presentation
Headache 14/22 (64)
Fever 20/22 (91)
Neck stiffness 13/22 (59)
Altered mental status 10/22 (45)
Classic meningitis triad* 4/22 (18)

Cerebrospinal fluid characteristics
Median CSF leukocyte count/mm?® (range)
Median CSF protein (g/L) (range)
Median CSF glucose (mmol/L) (range)
Positive cultures
Cerebrospinal fluid
Blood
Outcome
Death
Neurological deficits
Comatose

577 (48-11,000)
1.00 (0.33-5.08)
2.88 (0.30-6.83)

17/22 (77)
19/22 (86)

2/22(9)
2/20 (10)
1/20 (5)

Abbreviations: CSF; cerebrospinal fluid

“Defined as fever, neck stiffness and altered mental status

71



SSOUSNOIDSUOD PAIDI[E , SSAUJJIS }OU ¢ 10Ad) 7 oyoepeay T :swoldwAig
swoldwAs Sunsisiod 01 onp ponrwpear arom sjuaned oSy,

pauodar jou n'N ‘uonedipaw darssarddnsountuur (ST

fsnew sa1edeIp N Py [eurdsoIqarad 148D SUONLIAIGY

Chapter 6

LAIDA0DI [N + + [S74 cTT owireq ON BN 49 Apnas siy,
Lswarqoid
UONENUDUOD) - + 80¢ 7T S[EWIUE ONSOWOP ‘TOWIE,] ON oewoq [ord Apnas sryJ,
pooymoqysau
A39A0001 [N + + 001 PCTT PO1SOJUI-IBI UT PIAIT WISIOYOJ[Y  9[BWD] 0% ZSprempg
srsaredrwuap] + - 66¢T B SOATED OIS JOJ PAILD ‘IoWlIe] ON DQrwd 8% oW
A39A0001 T[N + + 8717 PCT umouun WwsIoOyod[y  2[BWo /¥ +uIqoy
+AIOA0D1 TTNLT + + 0s¢ [ ooe[d 10M 1E S1Ey BIUUIOBY N SlBIN S¢S 4 SUI[[OD
A10A0021 TN - + [sles 2 ¢ IOMIOM JIONEY et SN 0S ,121S
neaqg + + 0$Z1 Bz umouyu Awopaud[ds ‘WA SRWI (9 oruBWAY
2SOJEWOD + + 0sZL et umouuf] WSHOYOO[V O[EIN ¢S quosispund
A10A0021 [N + + 1282 71 S[EWIUE dNSAWO(] ON SlBIN 0% L, BuIqnD
A19A0021 [N + - N 71 S[EWIUE JNSOWOP ‘IOUWLIE,] wSIOYod[y OlEN 9% L, euIgno
A10A0021 [N - + 0%02 ¢z s1eD ON SlBIN 8¢ cJouniqrew
A39A0001 [N + + sy 1 UOTSOTUT IOAI] QATED MEBY NSI ‘N SlEIN ¥ 208
A12A0021 [Ing + - 129! 44 N WISTOYoo1v SBIN  O¢ 1 NO[2AE[D
A12A0001 T[N + + 008T ¢z N WSHOYOO[Y  S[eWaf  6¢ 11NO[PABD)
A19A0221 [N + + 00% BT umouNu[]  N{ ‘WSHOYod[yY S[EIN <9 0101y
neaqg + + /1S Bz W'N WSIOYOI[Y SlEIN 8 SJUTOYTIA
AAIA0DDI [N + - 00¢ cT1 s1Ed ‘sso(q WSIIOYO[Y SIBIN ¥ Jepuolq
A19A0001 T[N + + 00111 Y umousun WA S[EIN 1L JOATOH
A10A0021 [N + + CIT 1 umouun QUO[OSIUPAI] SlBIN 0% JBIeWN
A10A0021 [N + - 0LT 71 Surmoyd 1eyy] ON S[EIN [ ZOUNJBN
A39A0001 [N + + 0S¥ 1 ard uonsagur oAl doays mey wda S[EIN 94 ,Ang
2Immod 2IMnd LW /AUNod J10)0%)
swodnQy  pooig ASD  214003nof 4§D  swoldwkg UOID2JUT JO 22IN0S Guisodsipard Iopuon 23y Apmg

sjuaned INO YIm pauIquuIod ‘DrnielaN] oyl ul pauodar smsuruaw s1ja/ La10vqojlduip) Jo sase) ¢ Jqe],

72



Campylobacter fetus meningitis

Discussion

Meningitis caused by C. fetus is a rare disease, which is associated with
an immunocompromised state. Nine patients diagnosed with C. fetus
meningitis had a previous history of alcoholism, and 5 patients had diabetes
mellitus. Alcoholism and diabetes mellitus are both risk factors for bacterial
meningitis** and have been associated with a high rate of unfavorable
outcome.” #* Cancer has been reported to be a risk factor for C. fetus
bacteremia,” but was only present in 1 patient with C. fetus meningitis.

Although C. fetus is a zoonotic pathogen, contact with animals or animal
products could only be identified in 68% of patients with C. fetus meningitis.
In most patients in whom a source of infection was identified, frequent
contact with domestic animals was reported to be the source of infection
(38%). However, ~164 million American households have domestic
animals,” implying that the risk at developing C. fetus meningitis after
frequent domestic animal contact is very low.

CSF abnormalities were present in all patients with C. fetus meningitis.
However, only 53% of the cases had at least 1 individual CSF predictor for
bacterial meningitis,”> as compared to 88% of the patients with community-
acquired bacterial meningitis in a large prospective cohort study.?’
Furthermore, CSF cultures were negative in 23% of the C. fetus meningitis
cases, whereas blood cultures were positive. As blood cultures were positive
in 86% of all cases, they can therefore be useful to confirm the diagnosis
of C. fetus meningitis in the case of CSF abnormalities and a negative CSF
culture. When C. fetus meningitis is suspected but cultures remain negative,
PCR targeting 16S rRNA encoding gene sequencing followed by sequencing
of the PCR product may provide the diagnosis.*®

C. fetus has been described to be resistant to several antimicrobial agents.
In a multicenter study of 25 isolates of C. fetus ssp. fetus recovered from
blood and synovial fluid samples, a significant proportion of isolates was
interpreted as intermediate or resistant to ampicillin (12%), cefotaxime
(80%), and erythromycin (100%).” Several case reports describe human
C. fetus isolates resistant to ceftriaxone,® cefotaxime,* 7% and penicillin.*
2 In C. fetus, the genes tet(44) and ant(6)-b have been associated with
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resistance to tetracycline, minocycline, and streptomycin.>' Other genes may
play a role in reduced susceptibility of C. fetus for antimicrobial agents
which are commonly used for the treatment of bacterial meningitis, such as
ceftriaxone.?? In our study, 4 patients were known to be readmitted to the
hospital because of persisting fever and CSF abnormalities, and received
prolonged treatment with antibiotics, although the C. fetus isolate was
sensitive to the primarily received antibiotics in 3 of these cases. There might
even be some cases where the patients might have persisting or recurrent
fever but not readmitted to the hospital for treatment. Relapsing and persisting
infection have also been reported in other manifestations of C. fetus.* This
is interesting and suggests inconsistency between the in vivo and in vitro
susceptibility of C. fetus. However, as repeated cultures remained negative
in most cases, it is also possible that the recurrent clinical parameters are
a postinfectious syndrome or inflammatory response. Nevertheless, cases
appeared to do best with carbapenem therapy. Based on the apparent slow
clinical response seen in this limited number of cases, the authors of this
study recommend a prolonged course of antimicrobial therapy when C.
Jfetus is identified as a causative agent of bacterial meningitis.*

Our study had several limitations. First, only patients with a positive CSF
culture were included. In our literature review, 23% of the patients had a
negative CSF culture, which means we could have missed cases of C. fetus
meningitis. Second, patients may not have undergone a lumbar puncture
due to space-occupying lesions on cranial CT or coagulation problems.
Furthermore, we did not include neonates with C. fetus meningitis, as
predisposing factors, etiology, and clinical characteristics in neonates are
not comparable to those in adults.

Also, specific characteristics of interest were not always available in the
retrieved case-reports included in our meta-analysis. Therefore, we reported
the number of patients in who the specific characteristic was known.
Finally, the recommendations that can be made are limited by small numbers

of affected patients.
In conclusion, C. fetus is a rare cause of bacterial meningitis and is associated

with an immunocompromised state. Based on the apparent slow clinical
response seen in this limited number of cases, the authors of this study
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recommend a prolonged course of antimicrobial therapy when C. fetus is
identified as the causative agent of bacterial meningitis. Cases appeared to

do best with carbapenem therapy.

75



Chapter 6

References

1. Brouwer MC, Tunkel AR, van de Beek D. Epidemiology, diagnosis, and antimicrobial treatment
of acute bacterial meningitis. Clin Microbiol Rev 2010; 23: 467-92.

2. Patrick ME, Gilbert MJ, Blaser MJ, Tauxe RV, Wagenaar JA, Fitzgerald C. Human infections with
new subspecies of Campylobacter fetus. Emerg Infect Dis 2013; 19: 1678-80.

3. Brouwer MC, Thwaites GE, Tunkel AR, van de Beek D. Dilemmas in the diagnosis of acute
community-acquired bacterial meningitis. Lancet 2012; 380: 1684-92.

4. Suy F, Le Du D, Roux AL, Hanachi M, Dinh A, Cremieux AC. Meningitis and endocarditis
caused by Campylobacter fetus after raw-liver ingestion. / Clin Microbiol 2013; 51: 3147-50.

5. Martinez-Balzano C, Kohlitz PJ, Chaudhary P, Hegazy H. Campylobacter fetus bacteremia in a
young healthy adult transmitted by khat chewing. J Infect 2013; 66: 184-6.

6.  Umehara Y, Kudo M, Kawasaki M. Campylobacter fetus meningitis in a patient with Crohn’s
disease. Inflamm Bowel Dis 2009; 15: 645-6.

7.  Herve J, Aissa N, Legrand P, Sorkine M, Calmette MJ, Santin A, et al. Campylobacter fetus
meningitis in a diabetic adult cured by imipenem. EurJ Clin Microbiol Infect Dis 2004; 23: 722-
4.

8. Dronda F, Garcia-Arata I, Navas E, de Rafael L. Meningitis in adults due to Campylobacter fetus
subspecies fetus. Clin Infect Dis 1998; 27: 906-7.

9. Wilhelm JM, Saraceni O, Penner MF, Trevoux A, Kieffer P. [Campylobacter fetus meningitis in
adults]. Presse Med 1996; 25: 1331-2.

10. Kato H, Wakasugi H, Mukuta T, Furukawa M, Yokota M, Yamada Y, et al. Campylobacter fetus
subspecies fetus meningitis with chronic alcoholism and diabetes mellitus. jpn J Med 1990; 29:
542-4.

11. Clavelou P, Beytout J, Gourdiat A, Garandeau A, Deffond D, Tournilhac M. [Neurologic
involvement in campylobacter infections. 5 cases]. Rev Neurol (Paris) 1989; 145: 208-14.

12. Rao KV, Ralston RA. Meningitis due to Campylobacter fetus intestinalis in a kidney transplant
recipient. A case report. Am J Nephrol 1987; 7: 402-3.

13. Malbrunot C, Zelinsky A, Genevray B, Debenes B, Dechy H, Dorra M. [Meningitis caused by
Campylobacter fetus fetus. A case report]. Presse Med 1985; 14: 1608.

14. Gubina M, Zajc-Satler J, Mehle J, Drinovec B, Pikelj F, Radsel-Medvescek A, et al. Septicaemia
and meningitis with campylobacter fetus subspecies intestinalis. Infection 1976; 4: 115-8.

15. Gunderson CH, Sack GE. Neurology of Vibrio fetus infection. Neurology 1971; 21: 307-9.

16. Reyman TA, Silberberg B. Vibrio fetus septicemia. Am J Clin Pathol 1969; 51: 578-83.

17.  stille W, Helm EB. [Sepsis and meningitis caused by Vibrio fetus). Dtsch Med Wochenschr 1969;
94: 2484-8.

18. Collins HS, Blevins A, Benter E. Protracted Bacteremia and Meningitis Due to Vibrio Fetus.
Arch Intern Med 1964; 113: 361-4.

19. Robin LA, Duprey G, Jouannot JF, Paris P, Magard H, Mignard J, et al. [Apropos of 3 cases of
human vibriosis (Vibrio fetus), including 1 case of meningitis]. Presse Med 1962; 70: 321-3.

20. Killam HA, Crowder JG, White AC, Edmonds JH, Jr. Pericarditis due to Vibrio fetus. Am |
Cardiol 1966; 17: 723-8.

21. Edwards CE, Kraus R. Spirillum serpens meningitis. Report of a case. N Engl ] Med 1960; 262:
458-60.

22. Adriani KS, Brouwer MC, van de Beek D. Risk factors for community-acquired bacterial
meningitis in adults. Neth ] Med 2015; 73: 53-60.

23. Weisfelt M, de Gans J, van der Ende A, van de Beek D. Community-acquired bacterial meningitis
in alcoholic patients. PLoS One 2010; 5: €9102.

24. Schut ES, Westendorp WF, de Gans J, Kruyt ND, Spanjaard L, Reitsma JB, et al. Hyperglycemia

76

in bacterial meningitis: a prospective cohort study. BMC Infect Dis 2009; 9: 57.



20.

27.

28.

29.

30.

31

32.

33.

Campylobacter fetus meningitis

Pacanowski J, Lalande V, Lacombe K, Boudraa C, Lesprit P, Legrand P, et al. Campylobacter
bacteremia: clinical features and factors associated with fatal outcome. Clin Infect Dis 2008; 47:
790-6.

Oechler RL, Velez AP, Mizrachi M, Lamarche J, Gompf S. Bite-related and septic syndromes
caused by cats and dogs. Lancet Infect Dis 2009; 9: 439-47.

van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB, Vermeulen M. Clinical features
and prognostic factors in adults with bacterial meningitis. N Engl | Med 2004; 351: 1849-59.
Wong PL, Fedder G, Heilmann FG. [A man with Campylobacter endocarditis, treatable as
Campylobacter fetus following identification]. Ned Tijdschr Geneeskd 2003; 147: 399-403.
Kwon SY, Cho DH, Lee SY, Lee K, Chong Y. Antimicrobial susceptibility of Campylobacter fetus
subsp. fetus isolated from blood and synovial fluid. Yonsei Med J 1994; 35: 314-9.

Lee YC, Huang YT, Sheng WH, Hsueh PR. Simultaneous peritoneal dialysis-associated peritonitis
and bacteremia due to ceftriaxone-resistant Campylobacter fetus. Perit Dial Int 2011; 31: 366-8.
Abril C, Brodard I, Perreten V. Two novel antibiotic resistance genes, tet(44) and ant(6)-Ib,
are located within a transferable pathogenicity island in Campylobacter fetus subsp. fetus.
Antimicrob Agents Chemother 2010; 54: 3052-5.

van de Beek D, Brouwer MC, Thwaites GE, Tunkel AR. Advances in treatment of bacterial
meningitis. Lancet 2012; 380: 1693-702.

Blaser MJ. Campylobacter fetus--emerging infection and model system for bacterial pathogenesis
at mucosal surfaces. Clin Infect Dis 1998; 27: 256-8.

77






CHAPTER 7/

SUSPECTED LEPTOSPIRAL
MENINGITIS IN ADULTS:
REPORT OF FOUR CASES AND
REVIEW OF THE LITERATURE

Anusha van Samkar, Diederik van de Beek, Kees (C) Stijnis,

Marga Goris, Matthijs C Brouwer

The Netherlands Journal of Medicine 2015; 73: 464-70.



Chapter 7

Abstract

Introduction: Leptospirosis is a widespread zoonotic disease characterised
by headache and fever. These symptoms are often suggestive of meningitis,
but only a proportion of patients have leptospiral meningitis.

Methods: We report episodes of leptospiral meningitis in patients admitted
to a tertiary referral centre in the Netherlands, in whom lumbar puncture was
performed, and conducted a literature search of adult cases of leptospiral
meningitis to describe clinical characteristics and outcome.

Results: Between 2011 and 2014, 19 patients with leptospirosis were
identified. Seven underwent a lumbar puncture for suspected meningitis
(37%), of which six had been in contact with fresh water in a tropical
area. Four patients with suspected meningitis (57%) had cerebrospinal fluid
pleocytosis indicative of leptospiral meningitis and presented with headache,
fever and neck stiffness. In a review of the literature we identified 366
patients with leptospiral meningitis with a median age of 33 years (range 17-
77). Risk factors for leptospirosis were identified in 32 of 33 patients. Typical
cerebrospinal fluid abnormalities consisted of a mildly elevated leukocyte
count (median 206 leukocytes/mm?, range 6-2072) with a lymphocytic
predominance (median 95%). Outcome was generally favourable, with a
mortality rate of 3% and neurological sequelae in 5% of the survivors.

Conclusion: Leptospirosis in the Netherlands has a low incidence. In the
case of suspected meningitis and a history of visiting tropical areas or
direct or indirect contact with animal urine, leptospiral meningitis should
be considered. Cerebrospinal fluid examination is vital for the differential
diagnosis of leptospirosis. Outcome is generally favourable in patients with

leptospiral meningitis treated with antibiotics.
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Introduction

Leptospirosis (infection with ZLeptospira spp) is a widespread zoonotic
disease. Although the majority of the case load is seen in tropical areas,"
2 it also occurs in Europe with a reported incidence of 0.13 per 100,000
individuals.? Leptospirosis is caused by the transmission of a spirochete of
the Leptospira genus through direct contact with infected animals or through
indirect contact with a contaminated environment, e.g. fresh water.* A wide
variety of mammalian hosts, both feral and domestic/semi-domestic, serve

as infection reservoirs and can excrete Leptospira spp in the urine.*

Leptospira infection may cause a variety of clinical syndromes. The most
severe form is Weil’s disease, which has a high mortality and is characterised
by high fever, bleeding, icterus and renal insufficiency,> > Leptospiral
infection may also present with neurological symptoms, such as meningitis,
bilateral facial palsy or opsoclonus-myoclonus syndrome.* *® Many patients
with leptospiral infection present with headache, fever and neck stiffness
and therefore bacterial, tuberculous or viral meningitis may often be
suspected prior to the eventual diagnosis of leptospirosis.”** Symptoms of
meningitis due to leptospirosis occur with and without cerebrospinal fluid
(CSF) abnormalities.*?

In the Netherlands, approximately 30-40 cases of leptospirosis are reported
per year.!! We reviewed the cases of leptospirosis with suspected meningitis
identified in a tertiary referral hospital in the Netherlands and performed a

review of the literature on leptospiral meningitis.

Methods

We identified all adult patients (> 16 years of age) with confirmed leptospirosis
in the Netherlands between January 2011 and December 2014. Cases were
defined as patients with a positive serology (microscopic agglutination test
(MAT), enzyme-linked immunosorbent assay (ELISA)), positive polymerase
chain reaction (PCR) and/or a positive culture for Leptospira species.
These tests were performed by the World Health Organisation, Food and
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Agriculture Organisation of the United Nations, World Organisation for
Animal Health, and the National Collaborating Centre for Reference and
Research on Leptospirosis (NRL) at KIT Biomedical Research, the Royal
Tropical Institute in the Netherlands. NRL confirms approximately 99% of
the suspected cases of leptospirosis in the Netherlands, and thus could
provide the authors with nationwide epidemiological data for this article.

From this dataset we selected patients with leptospirosis admitted at the
Academic Medical Centre, Amsterdam, a tertiary referral hospital in the
Netherlands, to study clinical characteristics, treatment and outcome. We
analysed whether symptoms consistent with bacterial meningitis (neck
stiffness, fever and headache) were associated with CSF abnormalities.
All patients with abnormal CSF (defined as CSF white blood cell count
> 5/mm?, total protein > 0.6 g/L or CSF/serum glucose ratio < 0.6) were
considered to have leptospiral meningitis.”> We retrospectively collected
clinical characteristics, data on ancillary investigations and outcome. The
data were processed anonymously. Oral and written informed consent was

obtained from all patients with leptospiral meningitis.

Review of the literature

Subsequently, we performed a literature search for leptospiral meningitis
on PubMed, using the search terms “leptospir* AND meningitis”, and
““Neurologic Manifestations”[MeSH] AND leptospir*”. We also searched
for cohort studies and reviews about leptospirosis using the search term
“leptospir*”. The search was updated until 20 March 2015.

Articles reporting children or animals, duplicate articles and articles in which
no specific data were given for leptospiral meningitis patients were excluded.
Leptospiral meningeal involvement was defined as a combination of 1)
fever with one of the following signs: neck stiffness, altered consciousness
or other meningeal signs,** and 2) detection of Leptospira species in blood
and/or CSF by PCR or culture, and/or detection of leptospiral antibodies
by serology (MAT and/or ELISA). When CSF was abnormal (see Methods
section), the diagnosis of meningitis was established. In an analysis of
clinical data we systematically scored baseline and presenting characteristics,
clinical course and outcome.

Differences between groups were calculated by means of Fisher’s Exact test.
Articles with neither an abstract nor access to the full text were excluded.
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Studies written in English, German, French, Dutch, Spanish, Italian and
Portuguese were included.

Results

Between January 2011 and December 2014, 196 cases of leptospiral
infection were identified at the NRL in the Netherlands, of which 104
contracted leptospirosis abroad (53%) and 92 contracted leptospirosis in
the Netherlands (47%) (Figure 1). The mean calculated annual incidence
from 2011 to 2014 was 0.30 per 100,000 inhabitants.

196 patients with leptospirosis in the
Netherlands identified

177 patients from other hospitals
q

(clinical data not available)

A
19 patients diagnosed in our hospital

19 fever
17 headache
5 neck stiffness

o | 12 patients no lumbar puncture performed :

A

7 patients underwent lumbar puncture

CSF abnormalities: 4
no CSF abnormalities: 3

Figure 1. Flowchart of patients with leptospirosis in the Netherlands

Within this period we observed a threefold increased incidence in 2014
(0.57 per 100,000) compared with 2011-2013 (average 0.21 per 100,000).
Furthermore, in 2014, leptospirosis was contracted in the Netherlands in
62% of the cases, compared with an average of 33% in 2011-2013.
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In our hospital, 19 adult cases of leptospirosis (10%) were identified based
on a positive serology and/or PCR and/or culture. All 19 patients presented
with fever, 17 (89%) presented with headache and five (26%) with neck
stiffness. The median age was 27 years (range 17-61 years) and 15 patients
were male (79%). Eighteen patients contracted leptospirosis abroad (95%)
and one patient contracted leptospirosis in the Netherlands (5%).

In seven patients (37%) there was a clinical suspicion of meningitis, for which
a lumbar puncture was performed. Four patients with CSF abnormalities
were diagnosed with leptospiral meningitis. Three patients had no CSF
abnormalities (Figure 1), of which one patient had not been abroad and
had not been in contact with animals. The incidence of meningitis in
leptospirosis in our hospital was 21% (4 out of 19 patients). The patients

with leptospiral meningitis are described below.

Case 1

A 27-year-old Dutch patient was admitted to the hospital in Laos with fever,
myalgia, shivers and vomiting. He had been travelling through Vietnam,
Laos, Cambodia and Thailand, where he had been swimming. He was
treated with antibiotics but no source of infection was found. When he
returned to the Netherlands a few days later, he presented with recurrent
fever (temperature 38.5°C) and progressive headache. Physical examination
showed conjunctivitis and neck stiffness. Laboratory examinations showed
the following: creatinine 62 pmol/L, leukocytes 6.4 x 10°/L, C-reactive
protein (CRP) 3.6 mg/L, serum glutamic oxaloacetic transaminase (SGOT)
23 U/L, serum glutamic pyruvic transaminase (SGPT) 15 U/L, and bilirubin
5 pmol/L. Lumbar puncture showed turbid CSF with 734 leukocytes/mm?
(75% polymorphonuclear leukocytes), protein level of 0.63 g/L, and CSF to
blood glucose ratio of 0.45. The IgM ELISA for leptospirosis was positive.
The patient was treated with 1 million IU penicillin intravenously four times
a day for seven days. He was discharged in a good clinical condition without

sequelae.

Case 2

A 45-year-old Dutch patient presented with fever, headache, nausea and
diarrhoea. He had been travelling through Singapore, Thailand and Indonesia
two weeks prior to admission, where he had suffered from gastroenteritis
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after he fell off a boat during rafting and ingested fresh water. Physical
examination showed bilateral conjunctivitis but no other abnormalities.
Laboratory examination showed the following: erythrocyte sedimentation
rate (ESR) 101 mm/h, CRP 106 mg/L, leukocytes 10.8 x 10°/L, creatinine 413
pmol/L, SGPT 36 U/L, and bilirubin 8 pmol/L. The Leptospira 1gM lateral
flow test was positive and patient was treated with oral amoxicillin and
discharged. However, the next day, he presented again with aggravated
headache. Neurological examination now showed neck stiffness, for which
a lumbar puncture was performed. This showed turbid CSF containing 628
leukocytes/mm? (86% polymorphonuclear leukocytes), protein level of 0.92
g/L and a CSF to blood glucose ratio of 0.41. The IgM ELISA and MAT were
both positive, the probable infecting serogroup was Grippotyphosa. Patient
was treated with 12 million IU penicillin intravenously daily for three days
followed by oral amoxicillin (750 mg three times daily) for one week. He

was discharged in a good clinical condition without sequelae.

Case 3

A 20-year-old Dutch patient presented with headache, fever, nausea and
diarrhoea. The symptoms appeared a week after returning from a holiday in
Borneo, where he had swum in fresh water. Physical examination showed
bilateral conjunctivitis and neck stiffness. Laboratory examination showed
the following: CRP 45.7 mg/L, leukocytes 6.2 x 10°/L, SGOT 354 U/L,
SGPT 305 U/L, bilirubin < 2 pmol/L, and creatinine 236 pmol/L. Lumbar
puncture showed turbid CSF containing 1200 leukocytes (predominantly
lymphocytes, percentage not specified), protein level of 0.89 g/L and a CSF
to blood glucose ratio of 0.52. The MAT and IgM ELISA for leptospirosis
were positive and showed Leptospira serogroup Australis. Patient was
treated with 12 million TU penicillin intravenously for four days followed by
oral amoxicillin (750 mg three times daily) for 5 days. He was discharged in
a good clinical condition without sequelae.

Case 4

A 22-year-old Dutch patient presented with fever, headache, cough and
nausea. The symptoms appeared a week after returning from a backpack
trip in Malaysia, Borneo and Thailand for two months. She had not swum
in fresh water, but had slept in rice fields in Thailand. Physical examination
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showed a temperature of 40.5°C and neck stiffness. Laboratory examination
showed the following: leukocytes 12.9 x 10°/L, CRP 62.3 mg/L, creatinine
93 pmol/L, SGOT 58 U/L, SGPT 18 U/L, and bilirubin 8 pmol/L. Lumbar
puncture showed clear CSF with 11 leukocytes/mm?® (100% mononuclear
cells), a protein level of 0.21 g/L and a CSF to blood glucose ratio of 0.60.
The MAT, IgM ELISA and PCR for leptospirosis were positive and showed
Leptospira serogroup Mini. Patient was treated with 100 mg doxycycline
twice daily for seven days. She was discharged in a good clinical condition

without sequelae.

Review of the literature for leptospiral meningitis

A total of 41 relevant articles published between 1947 and 2014 were
identified, describing 366 adults with leptospiral meningitis (Figure 2).% %
152 The number of included patients per study varied between one and 162
patients. Studies were performed in Europe (25), Asia (9) and America (7)
(Figure 2).

The median age of the patients was 33 years (range 17-77 years) and 51 of
62 (82%, 95% CI 72-92%) were male (Table 1). Two out of 26 (8%) patients
were immunocompromised (95% CI 0-16%). A known etiology was reported
in 32 of 33 patients (97%, 95% CI 91-100%); seven had been in contact with
fresh water (five swimming, one fishing, and one window cleaning in an
endemic area), six worked with cattle, five had been in contact with dogs,
five had been in contact with rats, four were farm workers, two lived in a
rural area endemic for leptospirosis, one worked in sewers, one was a horse
trainer and one was a hunter. In one patient, no etiology was found. In an
article describing 162 patients with leptospiral meningitis, no etiology per
patient was reported, but the patient group mainly consisted of farmers.”

Headache was reported in 65 of 69 patients (94%, 95% CI 88-100%). Fever
was reported in 100 of 102 patients (98%, 95% CI 93-100%), neck stiffness in
77 of 83 (93%, 95% CI 87-99%) and altered consciousness in 8 of 54 patients
(15%, 95% CI 5-25%). The classic triad of fever, altered consciousness and
neck stiffness® was present in 5 of 39 patients (13%, 95% CI 3-23%).
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275 articles assessed for eligibility

266 literature search
9 cross-checking references

110 articles not meeting inclusion criteria

50 title and/or abstract absent

29 non-West-European language
24 describing children
7 describing animals

A
165 articles included

124 articles excluded from review

o - 74 no leptospiral meningitis subanalysis

46 no case described

3 duplicate articles

1 case report without CSF abnormalities
(described separately)

A 4

41 articles used in review

25 European studies
9 Asian studies
7 American studies

Figure 2. Flowchart review of the literature for leptospiral meningitis

The median CSF leukocyte count was 206 leukocytes/mm? (range 6-2072).
All but one of the patients in whom the CSF leukocyte counts were known
had a leukocyte count under 2000, with a predominance of lymphocytes
(95%, 95% CI 92-98%) in most patients (224 of 236; 95%, 95% CI 92-98%).
The CSF protein was known in 39 patients and the CSF glucose in 27
patients. The median CSF glucose was 2.5 mmol/L, while the median CSF
protein was 1.10 g/L. In 190 of 208 patients (91%, 95% CI 87-95%), CSF
protein was normal, and CSF glucose was normal in 201 of 207 patients
(97%, 95% CI 95-99%), while CSF leukocytes were elevated (> 5/mm?). In all
patients, antibodies to Leptospira were detected by blood serology (either
ELISA or MAT); no Leptospira were detected in CSF by culture or PCR.

A total of 245 patients (91%) were treated with antibiotics (mostly penicillin
and doxycycline). Twenty-three patients were not treated with antibiotics.
One patient was treated with dexamethasone and received antibiotics
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(penicillin) as well.* Eight of 229 patients (3%, 95% CI 1-5%) died during
hospital admission, of which five had received antibiotics. The cause of
death was reported in two cases and consisted of respiratory insufficiency*®
and gastro-intestinal bleeding.”” The mortality rate in patients who were not
treated with antibiotics was 13% compared with 2% in patients treated with
antibiotics (Fisher’s exact test, p = 0.04).

Three of 56 patients (5%) had sequelae; one patient was not able to
walk until two months after discharge,” one patient had transient renal
insufficiency * and one patient had neurocognitive defects which resolved

after a few weeks.?

Table 1. Clinical characteristics, etiology, laboratory findings, treatment and clinical outcome for
366 adults with leptospiral meningitis identified in the literature, compared with our patients

Characteristics n/N Cases
Median age 33 25
Male sex 51/62 (82%) 3/4 (75%)
Immunocompromised 2/26 (8%) 0/4 (0%)
Alcohol 1 (4%) 0 (0%)
Diabetes mellitus 1 (4%) 0 (0%)
Identified source of infection 32/33 (97%) 4/4 (100%)
Animal contact 24 (75%) 0 (0%)
Water 8 (25%) 4 (100%)
Clinical presentation
Headache 65/69 (94%) 4/4 (100%)
Fever 100/102 (98%) 4/4 (100%)
Neck stiffness 77/83 (93%) 4/4 (100%)
Altered consciousness 8/54 (15%) 0/4 (0%)
Meningitis triad 5/39 (13%) 0/4 (0%)
Cerebrospinal fluid characteristics
Median CSF leukocyte count/mm?® (range) 2006 (5-2072) 681 (11-1200)
Empirical treatment
Antibiotics 245/267 (92%) 4/4 (100%)
Outcome
Death 8/229 (3%) 0/4 (0%)
Sequelae 3/56 (5%) 0/4 (0%)

Abbreviations: CSF: cerebrospinal fluid

Two articles describing two case reports of patients with meningeal symptoms
but normal CSF were identified. > When combining these patients and
our three patients with meningeal symptoms without CSF abnormalities, we
identified five male patients with a median age of 27 years (range 20-47).
Two had had animal contact, two travelled to a tropical area and one (one
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of our patients) worked in the municipal cleansing department. All five
presented with headache and fever and two with neck stiffness. Diagnosis
was established by blood tests; no leptospiral antibodies or DNA were
detected in the CSF. All recovered without neurological sequelae.

Discussion

We found a low incidence of leptospirosis in the Netherlands: 0.30 per
100,000 inhabitants in the period 2011-2014. In the period 2011-2013, the
calculated annual incidence was 0.21 per 100,000 inhabitants, while the
annual incidence in Europe in 2010 was 0.13 per 100,000 inhabitants.?
In 2014, however, a threefold increase was observed in the incidence
of leptospirosis in the Netherlands: 0.57 per 100,000 inhabitants. The
contribution of travelling to leptospirosis in the Netherlands has been up to
50% since 1995'* !5 and was 33% in the period 2011-2013, but in 2014, the
majority of patients (62%) contracted leptospirosis in the Netherlands. This
increase is currently being investigated (unpublished data).

In our hospital, 18 out of 19 patients and 6 out of 7 patients with suspected
meningitis contracted leptospirosis after fresh water contact while travelling
in Southeast Asia, which has been reported to be the main risk factor for
leptospiral infection worldwide.”® The high contribution of travelling to
leptospirosis in our hospital compared with the national results, is probably
caused by most patients being diagnosed at the AMC Department of Tropical
and Travel Medicine. Only one patient had not been abroad, but worked
at the municipal cleansing department where he could have been infected

through contact with sewage water.”

From the 19 patients with leptospirosis identified in our hospital, all had
fever (100%), 17 had headache (89%) and 5 had neck stiffness (26%). In
general, headache and fever are common symptoms in leptospirosis which
have been reported in 60-100%,* and neck stiffness is found in 10-20% of

19 which confirms our findings.

the cases,
The incidence of meningitis in leptospirosis is relatively low despite the
high frequency of headache and neck stiffness, although there could be

an underestimation since not all patients undergo a lumbar puncture. In a
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cohort study of 63 cases, 12 patients (19%) were diagnosed with leptospiral
meningitis,* which is similar to the incidence of meningitis in leptospirosis
in our hospital (21%).

In our review of leptospiral meningitis, headache was seen in 94%, fever
in 98% and neck stiffness in 93% of cases. When a patient presents with
meningeal symptoms after fresh water contact in tropical regions or direct
or indirect contact with animal urine, the diagnosis of leptospiral meningitis
should be considered.

Our review showed that most patients with leptospiral meningitis have a
mildly elevated CSF leukocyte count and a normal CSF glucose and protein.
In a cohort study performed in 2008, CSF pleocytosis was seen ranging from
16 to 850 leukocytes/mm?.* In this cohort study CSF analysis of patients
with suspected leptospiral meningitis showed that 50% of patients had CSF
pleocytosis,* which is similar to our case series (4 out of 7, 57%). In most
patients in our study, CSF leukocytes mainly consisted of lymphocytes,
but two of our cases with leptospiral meningitis had predominantly
polymorphonuclear leukocytes in their CSF. This may be due to the timing of
the lumbar puncture; polymorphonuclear leukocytes are often predominant
early in the clinical course, and later replaced by lymphocytes.'®

The necessity of a lumbar puncture in patients with leptospirosis has not been
studied. In general, if the diagnosis of leptospirosis has not been confirmed
in patients with suspected meningitis, cerebrospinal fluid examination is
vital to determine whether the patient has meningitis, and what the cause
is. However, in patients with confirmed leptospirosis, cerebrospinal fluid
examination does not have additional value since the treatment is similar in
patients with and without leptospiral meningitis, unless a second diagnosis

is being considered.

In our review, we found a significantly increased mortality in patients
not treated with antibiotics compared with those who were treated with
antibiotics (13% versus 2%; p = 0.04). However, only a small number
of the patients (8%) did not receive antibiotics and the reasons for not
treating those patients were unknown. In a recent Cochrane review,
there was insufficient evidence for using antibiotics in leptospirosis, but
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no conclusions for ‘severe leptospirosis’ (not specified) could be drawn.”
No association was established between the different antibiotic treatments
ceftriaxone, doxycycline, cefotaxime and penicillin in leptospirosis
and outcome. Most patients with leptospiral meningitis are treated with
doxycycline or penicillin, which is the currently advised treatment regimen
for leptospirosis (doxycycline 100 mg twice a day, or penicillin 1.5 million

units four times a day).>* >

Our study has several limitations. We did not have clinical information about
patients with leptospirosis attending other hospitals in the Netherlands,
and therefore our case series is not representative for leptospirosis in the
Netherlands. This is reflected in the high proportion of patients in our hospital
who contracted leptospirosis abroad (95%) compared with the national
average (53%). Furthermore, patients may have contracted leptospirosis and
thus have a positive serology, but may have other diseases as well, such as
Epstein-Barr viral infection or hepatitis.

For our review, we could not include articles written in non-West-European
languages, e.g. Polish and Russian, due to insufficient knowledge of the
language. Finally, there could be a publication bias since physicians may
not report patients with leptospirosis and meningeal symptoms in whom no
CSF abnormalities are found, when CSF culture was negative, or when no

lumbar puncture was performed.

In conclusion, leptospirosis in the Netherlands had an annual incidence of
0.30 per 100,000 inhabitants in the period 2011-2014 and was contracted
abroad in 53% of the cases. In the case of suspected meningitis and a history
of travel to tropical areas or direct/indirect contact with animal urine, tests
for leptospirosis should be considered. Leptospirosis commonly presents
with headache and fever, but only a proportion of patients have meningitis.
Approximately 50% of patients with suspected leptospiral meningitis have
CSF pleocytosis and most have a normal CSF glucose and protein. When the
diagnosis of leptospiral infection has been confirmed, lumbar puncture does
not have clinical consequences, unless there is a differential diagnosis that
needs to be considered. Treatment with penicillin or doxycycline usually
leads to a favourable outcome.
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Abstract

Introduction: We describe the incidence and patient characteristics of
Streptococcus gallolyticus meningitis.

Methods: We identified S. gallolyticus meningitis in a nationwide cohort
of patients with community-acquired bacterial meningitis, and performed
a systematic review and meta-analysis of all reported adult cases in the

literature.

Results: Five cases were identified (0.3%) in a cohort of 1561 episodes
of bacterial meningitis. In one patient, bowel disease (colon polyps) was
identified as predisposing condition for S. gallolyticus infection, whereas no
patients were diagnosed with endocarditis. In a combined analysis of our
patients and 37 reported in the literature, we found that the median age was
59 years. Predisposing factors were present in 21 of 42 patients (50%), and
mainly consisted of immunosuppressive therapy (seven patients), cancer
(four patients), and alcoholism (four patients). Colon disease was identified
in 15 of 24 patients (63%) and endocarditis in five of 27 patients (18%). Co-
infection with Strongyloides stercoralis was identified in 14 of 34 patients
(41%), ten of whom were infected with human immunodeficiency virus or
human T-lymphotropic virus. Outcome was described in 37 patients; eight
died (22%) and one (3%) had neurological sequelae.

Conclusion: S. gallolyticus is an uncommon cause of bacterial meningitis,
with specific predisposing conditions. When it is identified, consultation
with a cardiologist and gastroenterologist is warranted to rule out underlying
endocarditis or colon disease. Stool examinations for Strongyloides stercoralis
should be performed in patients who have travelled to or originate from

endemic areas.
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Introduction

Bacterial meningitis is usually caused by Streptococcus pneumoniae and
Neisseria meningitidis.' These bacteria form part of the normal human
nasopharyngeal flora, and can cause meningitis in both immunocompromised
and healthy individuals. Other bacteria causing meningitis are commonly
associated with specific risk factors, such as Listeria monocytogenes and
Staphylococcus aureus.”

Streptococcus gallolyticus, formerly known as a member of the Streptococcus
bovis group, is a bacterium that has been described to cause meningitis and
endocarditis.*> 4 Three subspecies of S. gallolyticus are known: gallolyticus,
macedonicus and pasteurianus.’ The bacteria were first discovered in cattle,
and have been reported to be a colonic commensal in 10-15% of healthy
humans.® Among patients with S. gallolyticus bacteraemia, 50-70% have
been reported to have colon carcinoma or benign colon abnormalities,
such as diverticulosis and colon adenomas.>” S. gallolyticus infection is
also associated with strongyloidiasis, for which different hypotheses have
been suggested: (a) Strongyloides stercoralis makes the bowel wall more
permeable to bacteria like S. gallolyticus, which can invade the body and
cause sepsis and/or meningitis; and (b) the migrating Strongyloides larvae
penetrate the gut mucosa and enter the portal circulation, carrying with them
S. gallolyticus.®° The incidence and patient characteristics of S. gallolyticus
meningitis are unknown.

We describe five cases of bacterial meningitis caused by S. gallolyticus
identified in a prospective nationwide cohort study on community-acquired
bacterial meningitis, and the results of a systematic review of the literature.
In this review, we describe the epidemiology, clinical characteristics, risk
factors and outcome of S. gallolyticus meningitis.

Methods

Case series

In a prospective observational cohort study in The Netherlands, we included
episodes of community-acquired bacterial meningitis in adults confirmed
by cerebrospinal fluid (CSF) culture. The methods have been described

99



Chapter 8

previously.’ In summary, all patients were aged >16 years, and were listed
in the database of the Netherlands Reference Laboratory for Bacterial
Meningitis (NRLBM) from January 2006 to December 2014. This laboratory
receives CSF isolates from approximately 90% of all patients with bacterial
meningitis in The Netherlands. The NRLBM provided daily updates of the
names of the hospitals to which patients with bacterial meningitis had been
admitted in the preceding 2-6 days and the names of physicians. Physicians
were contacted, and informed consent was obtained from all participating
patients or their legally authorized representatives. Physicians could also
contact the investigators without a report by the NRLBM for inclusion of
patients.

Episodes with negative CSF cultures could also be included if the following
criteria were present: (a) blood cultures showed S. gallolyticus; (b) CSF
analysis showed at least one individual predictor of bacterial meningitis,
defined as a glucose level of < 34 mg/dL (1.9 mmol/L), a CSF glucose/
blood glucose ratio of <0.23, a protein level of >220 mg/dL, or a leukocyte
count of > 2000/mL,' and (¢) the clinical presentation was compatible with
bacterial meningitis.

All patients with S. gallolyticus meningitis were selected from this cohort.
S. gallolyticus subspecies were identified with VITEK 2 (BioMérieux, Marcy-
I'Etoile, France). S. gallolyticus subspecies of case 2 and 4 were identified
by an in-house-developed molecular biological technique sequencing
a part of the gene encoding ribosomal protein S2 (#psB). The primers
targeting 1psB were Str_F4 (3-ATGGCAGTAATTTCAATG-5) and Str_R2
(3-GAATTTTTCAAGACG-5"). Sequences of the amplicon were clustered
with reference sequences obtained from GenBank by use of the neighbour-
joining algorithm in MEGA 6.06 with 1000 bootstraps.

Patients with hospital-associated meningitis, with a neurosurgical device
or who had undergone a neurosurgical operation within 1 month before
bacterial meningitis onset were excluded. Patients using immunosuppressive
drugs, with asplenia, with diabetes mellitus, with alcoholism or with
infection with human immunodeficiency virus (HIV) were considered to
be immunocompromised.*® Additional clinical data on specific risk factors,
i.e. colon disease and endocarditis, were retrospectively collected from
the discharge letters. At discharge, all patients underwent a neurological
examination performed by a neurologist. The study was approved by
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the ethics committee of the Academic Medical Centre, Amsterdam, The
Netherlands.

Review of the literature

We performed a literature search in PubMed with the terms “Streptococcus
bovis AND meningitis”, “Streptococcus gallolyticus AND meningitis”, and
“Streptococcus caprinus AND meningitis”. S. gallolyticus meningitis was
defined as described in ‘Case series’. Articles reporting on children or
animals, duplicate articles and articles in which no specific data were given
for S. gallolyticus meningitis patients (e.g. articles in which there was only
an analysis of the whole group, and no sub-analysis for S. gallolyticus)
were excluded. Articles with neither an abstract nor access to the full text
were excluded. Studies written in English, German, French, Dutch, Spanish,
Italian and Portuguese were included. In a meta-analysis of clinical data,
we systematically scored baseline and presenting characteristics (including

predisposing conditions), clinical course, and outcome.

Results

We identified five cases of S. gallolyticus meningitis among 1561 episodes
(0.32%) included in our cohort study (Table 1). The median age of
the patients was 77 years (range, 50-91 years). Three patients were
immunocompromised (Table 1). All patients presented with fever and neck
stiffness, and headache was reported in three. Blood cultures were positive
in all patients, and CSF cultures were positive in three patients. None of
the patients was diagnosed with endocarditis, though two died quickly
before this had been investigated, and echocardiography results were not
known for one other patient. Colonoscopy was reported in two patients,
and showed colon polyps in one. Two patients died from the meningitis,

and three patients recovered without sequelae.

Case 1

A 74-year-old man presented with fever and confusion after a holiday in
Thailand. His medical history revealed chronic lymphocytic leukemia and
transitional cell carcinoma of the bladder. Physical examination showed
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fever, disorientation and neck stiffness. CSF examination was consistent
with bacterial meningitis (Table 1). Blood cultures were positive for S.
gallolyticus; CSF cultures were negative. Amoxvycillin 2 g six times daily,
ceftriaxone 2 g twice daily and dexamethasone 10 mg four times daily
were started. The patient was discharged after 11 days. Investigations for
endocarditis, colon disease and strongyloidiasis were not performed.

Case 2

A 9l-year-old woman presented with headache, vomiting, and aphasia.
Her medical history revealed hypertension, anaemia, and atrial fibrillation,
for which she used antihypertensives and acenocoumarol. Physical
examination showed fever, neck stiffness, and aphasia. After correction of
the coagulation status, lumbar puncture was performed, and showed CSF
abnormalities consistent with meningitis (Table 1). The patient was treated
with amoxycillin 2 g six times daily, cefotaxime 2 g six times daily, and
dexamethasone 10 mg four times daily. She died 1 day after admission.
Blood cultures became positive for S. gallolyticus ssp. gallolyticus (Figure 1);
CSF cultures were negative.

Case 3

A 77-year-old man with a medical history including haemodialysis for renal
failure presented with fever. Physical examination showed neck stiffness
and a right-sided hemiparesis. Cranial computed tomography showed a
hypodensity consistent with left-hemisphere cerebral infarction. CSF
examination was consistent with

bacterial meningitis (Table 1). The patient was treated with penicillin 6 MU
six times daily and dexamethasone 10 mg four times daily. He developed
respiratory failure and died the same day. Blood and CSF cultures were
positive for S. gallolyticus.
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Table 1. Clinical characteristics, etiology, laboratory findings, treatment and clinical outcome for five
adults with Streptococcus gallolyticus meningitis

Characteristics Case 1 Case 2 Case 3 Case 4 Case 5
Age 74 91 77 50 84
Gender Male Female Male Male Female
Predisposing factor(s) Leukaemia None Immunosup- None Diabetes
pressants,
renal failure
Clinical presentation
Temperature (°C)  40.0 38.5 40.4 39.2 39.7
Neck stiffness Yes Yes Yes Yes Yes
Headache Unknown Yes Unknown Yes Yes
Score on Glasgow 14 9 3 15 14
Coma Scale
Neurological Disorientation Aphasia Right-sided ~ None Disorientation
deficits hemiparesis
CSF characteristics
Leukocyte count/ 2880 2896 36300 6780 2280
mm?
Protein level (g/L) 2.16 8.5 5.6 Unknown 7.6
CSE/blood 0.40 0.23 0.30 0.32 0.36
glucose ratio
Cranial CT Normal Normal Infarction in  Normal Normal
left cerebral
hemisphere
Cultures
CSF culture Negative Negative Positive Positive Positive
Blood culture Positive Positive Positive Positive Positive
S. gallolyticus-associated disease
Endocarditis Unknown Unknown Unknown No No
Bowel Unknown Unknown Unknown Normal Colon polyps
abnormalities
Empirical treatment
Antibiotics Amoxycillin,  Amoxycillin, Penicillin Ceftriaxone Penicillin
ceftriaxone cefotaxime
Dexamethasone  Yes Yes Yes Yes Yes
Outcome Recovery Death Death Recovery Recovery

Abbreviations: CSF: cerebrospinal fluid; CT: computed tomography
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S gallolyticus subsp. macedonicus ACA-DC 198
S gallolyticus subsp. gallolyticus UCN34

S gallolyticus subsp. gallolyticus ATCC BAA-2069

S gallolyticus subsp. gallolyticus ATCC 43143

case 2

100

‘ S gallolyticus subsp. pasteurianus ATCC 43144

- | S gallolyticus supsp. pasteurianus ATCC 700338
case 4
S lutetiensis 033

S infantarius subsp. infantarius CJ18
S equinus ATCC 9812

S equinus B315

S equinus HC5

S equinus SN033
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Figure 1. Cluster analysis of rpsB sequences of isolates of case 2 and 4 with sequences from
references strains extracted from Genbank
Bootstrap values larger than 905 are shown at branch points.

Case 4

A 50-year-old man complained of fever and progressive headache lasting for
3 days. His medical history showed no abnormalities. Physical examination
showed fever and neck stiffness. CSF examination was consistent with
bacterial meningitis (Table 1). Treatment with ceftriaxone 2 g twice daily
and dexamethasone 10 mg four times daily was started. S. gallolyticus ssp.
pasteurianus (Figure 1) was cultured from CSF and blood. Transthoracic
ultrasound and colonoscopy did not show endocarditis or colon
abnormalities. The patient was discharged after 11 days in good clinical
condition.

Case 5

An 84-year-old woman presented with headache and confusion. Her
medical history showed atrial fibrillation, diabetes, and heart failure.
Physical examination showed disorientation and no neck stiffness. CSF
examination was consistent with bacterial meningitis (Table 1). Empirical
treatment was started with amoxicillin 2 g six times daily, ceftriaxone 2 g
daily, and dexamethasone 10 mg four times daily. S. gallolyticus was cultured
from blood and CSF, and antibiotic treatment was switched to penicillin 2
MU six times daily. Transthoracic ultrasound did not show endocarditis;
colonoscopy showed colon polyps. The patient was discharged after 19
days in good clinical condition.
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Review of the literature

In total, 86 studies were identified, of which 28 studies met the inclusion
criteria, describing 37 patients (Figure 2). The identified studies were
performed between 1975 and 2015.

Combining these data with our patients (Table 2, Table 3), we found that
the median age was 59 years, and that 27 of 41 patients (66%) were male.
Predisposing factors were described for 18 of 42 patients (43%), and mainly
consisted of immunosuppressive therapy (seven patients), cancer (four
patients) and alcoholism (four patients) (Table 2). Three patients had an
anatomical defect (CSF leak, ventriculostomy, and postoperative cystic
cavity communicating with the intradural space). Fourteen patients suffered
from strongyloidiasis, and in 13 the strongyloidiasis infection was associated
with an underlying disease (human T-lymphotropic virus (HTLV)-I infection

in eight, HIV infection in two, and immunosuppressive medication in three).

Presenting symptoms were reported for 31 patients (Table 2). Colon
abnormalities were identified in 15 out of 24 patients (63%): diverticulosis
(five patients), colon adenoma (five patients), colon carcinoma (two
patients), and ulcers, radiation enterocolitis, and radiation proctitis (each in
one patient). Endocarditis was diagnosed in five of 28 patients (18%). One
patient had both colonic diverticulosis and endocarditis.

CSF cultures were positive in 36 out of 41 patients (88%), and blood cultures
were positive in 33 out of 38 patients (87%) (Table 1). For nine patients,
the subspecies of the Streptococcus gallolyticus was reported; eight were S.
gallolyticus ssp. pasteurianus. "’

Fourteen of 42 patients (33%) received adjuvant treatment with
dexamethasone. Complications of S. gallolyticus meningitis were reported
in eight of 36 patients (22%), and consisted of atrial fibrillation, respiratory
insufficiency, pneumonia, hearing loss, transient facial nerve paralysis,
seizures, hyponatraemia, and progression despite treatment, occurring in
one patient each.

Eight of 37 patients died (22%) and three survivors (10%) had sequelae,
consisting of hearing loss in one patient and persisting nausea in two
patients; both patients appeared to have strongyloidiasis, and the nausea

disappeared after treatment.
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86 articles assessed for eligibility

- 82 literature search
- 4 cross-checking references

y
51 articles included

35 articles not meeting inclusion criteria

- 27 describing children
- 5describing animals
- 3 non-West-European language

A

\4

28 articles used in review

- 15 European studies
- 10 Asian studies
- 3 American studies

23 articles excluded from review

- 1l noS. gallolyticus meningitis case
- 6no abstract nor full article available
- 3 duplicate articles

- 3 no subanalysis possible

Figure 2. Flowchart review of the literature Streptococcus gallolyticus meningitis

Discussion

S. gallolyticus is a rare cause of community-acquired bacterial meningitis.
Only five of 1561 patients in our cohort (0.3%) were infected with S.
gallolyticus. In the literature, cases of S. gallolyticus meningitis have been
described in cohorts of patients with specific risk factors. In a cohort of
patients with bacterial meningitis and liver cirrhosis, one of 12 patients
had S. gallolyticus meningitis, and in a case series of patients with bacterial
meningitis and coexisting strongyloidiasis, one of six patients had S.
gallolyticus meningitis.®> ¥ In two cohorts of patients with streptococcal
meningitis, the relative incidence rates of S. gallolyticus meningitis were one

in 26 cases and one in 29 cases.” ?
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Table 2. Clinical characteristics, etiology and clinical outcome for adults with Streptococcus

gallolyticus meningitis; combination of our patients and patients reported in the literature

Characteristics n/N (%)
Median age (range) 59 (23-9D)
Male sex 27/41 (66)
Immunocompromised 18/42 (43)
Immunosuppressants 7 QA7)
Cancer 4 (10)
Alcoholism 4 (10)
HIV-infection 3
Diabetes mellitus 3
Renal failure 2
Splenectomy 12
Clinical presentation
Headache 21/31 (68)
Fever 26/31 (84)

Neck stiffness
Altered consciousness
Nausea
Photophobia
S. gallolyticus-associated disease
Strongyloidiasis
Endocarditis
Colon abnormalities
Positive cultures
Cerebrospinal fluid
Blood
Both
Complications
Outcome
Death
Sequelae
Full recovery

20/31 (65)
13/31 (42)
6/31 (19)
6/31 (19)

14/34 (41
5/28 (18)
15/24 (63)

36/41 (88)
33/38 (87)
27/37 (43)
8/36 (22)

8/37 (22)
3/29 (10)
26/29 (90)

Abbreviations: HIV: human immunodeficiency virus
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Risk factors for S. gallolyticus meningitis are endocarditis’ and colon
disease.>” S. gallolyticus infection is the cause of 2-10% of cases of bacterial
endocarditis, and is associated with advanced age as compared with
bacterial endocarditis caused by other pathogens.”” Endocarditis has been
described to be caused by S. gallolyticus ssp. gallolyticus more frequently
than by ssp. pasteurianus — reported rates vary between 43% and 100%,
as compared with rates of 8% to 29%.% * In our study, one patient was
infected with S. gallolyticus ssp. pasteurianus, and none of the patients
was diagnosed with endocarditis. The rate of endocarditis could have been
under-reported, because only two patients underwent echocardiography.
In our meta-analysis, five of 28 patients were diagnosed with endocarditis,
and colonoscopy was abnormal in 15 of 24 patients. When S. gallolyticus
is identified in patients with bacterial meningitis, consultation by a
gastroenterologist and cardiologist is warranted to identify whether a colonic
disease or endocarditis is present as risk factor for S. gallolyticus meningitis,
in most cases by colonoscopy and echocardiography.

Strongyloidiasis has been described as a risk factor for S. gallolyticus
meningitis.'” % This is due to increased permeability of the bowel wall,
through which S. gallolyticus can invade the bloodstream and thus cause
sepsis and meningitis. In endemic areas such and Brazil and Thailand,
Strongyloides stercoralis infection has an estimated prevalence of 10-40%."
One of our patients had visited Thailand prior to developing S. gallolyticus
meningitis, where he could have been infected with Strongyloides
stercoralis. Strongyloidiasis has been described as a disease imported by
travelers to endemic areas even 60 years after travel.”! In our patient, no
stool examination was performed to detect Strongyloides stercoralis. So far,
all patients with S. gallolyticus meningitis due to Strongyloides stercoralis
infection reported in the literature have lived in an endemic area, and
imported cases have not been described. Strongyloidiasis may cause mild
gastrointestinal symptoms such as diarrhoea, pulmonary symptoms, or
no symptoms at all, and may therefore go unnoticed. High-risk groups
for Strongyloides stercoralis infection are alcoholics, HIV-infected and
HTLV-1-infected persons, cancer patients, and other patients who are
immunocompromised. All but one of the patients with strongyloidiasis

in our meta-analysis were immunocompromised. It has previously been
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reported that immunocompromised patients with strongyloidiasis are prone
to meningitis or sepsis with enteric organisms.” Testing for Strongyloides
stercoralis and (if positive) HIV testing should be performed in patients
with S. gallolyticus meningitis who have travelled to or originate from areas
endemic for strongyloidiasis.

Our study has several limitations. As this is an observational cohort study,
patients did not undergo diagnostic procedures or testing according to a
prespecified protocol. Therefore, the patients were not routinely tested for
HIV, HTLV-1, and strongyloidiasis, and colonoscopy and echocardiography
were not performed in all patients; risk factors for S. gallolyticus meningitis
could therefore have been missed. Furthermore, not all patients with
suspected bacterial meningitis may undergo a lumbar puncture, e.g.
patients with coagulopathy due to sepsis or those with space-occupying
lesions on cranial imaging. These patients were not included in our cohort,
which may have led to a possible underestimation of the incidence of .
gallolyticus meningitis. In our meta-analysis, it was often the case that not
all characteristics of interest were reported in the retrieved case reports.
Therefore, we have presented the total number of patients for whom
the specific characteristic was reported. Furthermore, there are inherent
difficulties in identifying S. gallolyticus accurately to the subspecies level,
in particular because of the use of multiple methods for identification,
changing nomenclature, and the wide variations in time and geographical
regions analysed.

We conclude that S. gallolyticus is a rare cause of bacterial meningitis. When
it is identified, consultation with a gastroenterologist and cardiologist is
warranted, to identify whether a concomitant colon disease or endocarditis
is present. Stool examinations for Strongyloides stercoralis should be
performed in patients who have travelled to or originate from endemic

areas.
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Abstract

Introduction: We describe the epidemiology, etiology, clinical characteristics,
treatment, outcome and prevention of zoonotic bacterial meningitis in

human adults.
Methods: We identified 16 zoonotic bacteria causing meningitis in adults.

Results: Zoonotic bacterial meningitis is uncommon compared to
bacterial meningitis caused by human pathogens, and the incidence has
a strong regional distribution. Zoonotic bacterial meningitis is mainly
associated with animal contact, consumption of animal products and an
immunocompromised state of the patient. In a high proportion of zoonotic
bacterial meningitis cases, CSF analysis showed only a mildly elevated
leukocyte count. The recommended antibiotic therapy differs per pathogen,

and the overall mortality is low.

Conclusion: Zoonotic bacterial meningitis is uncommon but is associated
with specific complications. The suspicion should be raised in patients with
bacterial meningitis who have recreational or professional contact with
animals, and in patients living in regions endemic for specific zoonotic
pathogens. An immunocompromised state is associated with a worse
prognosis. Identification of risk factors and underlying disease is necessary

to improve treatment.
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General discussion

Introduction

Community-acquired bacterial meningitis is a severe infectious disease
with a high morbidity and mortality. In 85% of the cases of meningitis in
adults, the infection is caused by Streptococcus pneumoniae and Neisseria
meningitidis.' These bacteria are part of the normal human nasopharyngeal
flora and cause meningitis in both immunocompromised and healthy
individuals. Other microorganisms causing bacterial meningitis are more
commonly associated with specific risk factors. For example, meningitis
caused by Listeria monocytogenes is more common in elderly and
immunocompromised patients than in healthy individuals. Staphylococcus
aureus, a bacterium living on the human mucosal surfaces, mainly causes
meningitis in patients with endocarditis and CSF drains.?

In patients presenting with bacterial meningitis, rapid identification of the
bacteria causing the infection is essential for choice of treatment and for
prediction of outcome. An uncommon but potentially important risk factor
for bacterial meningitis is contact with animals or animal products. Bacteria
originating from animals that are able to cause disease in humans are referred
to as zoonotic pathogens and are present in domestic animals, livestock
and wildlife. Meningitis caused by pathogens originating from humans has
been studied, but little is known about the clinical presentation, risk factors,
complications and prognosis of meningitis caused by bacteria originating
from animals. The aim of this review was to describe the epidemiology,
etiology, clinical characteristics, treatment, outcome and prevention of

zoonotic bacterial meningitis in adults.

Search strategy and selection criteria

We defined zoonotic bacterial meningitis as meningitis caused by
bacteria that have their natural reservoir in animals and are not part of
the commensal human flora. To identify these bacteria, we searched the
websites of the Centers for Disease Control and Prevention® and the World
Health Organization for lists of zoonotic infectious diseases. We searched
the names of the identified zoonotic bacteria on PubMed, Google Scholar
and Embase, combined with the word “meningitis” (e.g., “Streptococcus stiis
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AND meningitis”), to investigate which zoonotic bacteria cause meningitis
in adults. Other pathogens causing meningitis such as spirochetes, e.g.,
Borrelia burgdorferi, parasites, e.g., Ebrlichia, and virusus, e.g., rabies,
were excluded. Also, the pathogen L. monocytogenes was excluded since
this is mainly a foodborne pathogen and it has been described extensively.
In total, we identified 16 zoonotic bacteria that have been reported to cause
meningitis (Figure 1). Meningitis caused by Yersinia pestis (carried by rats)
and Streptococcus iniae (carried by fish) are not described in this review.

Epidemiology

Zoonotic bacterial meningitis is uncommon compared to bacterial meningitis
caused by human pathogens. In cohort studies of patients with bacterial
meningitis, zoonotic pathogens are identified in less than 1% of episodes.*®
Moreover, fewer than 100 cases of meningitis have been reported per
zoonotic pathogen (Table 1), except for Streptococcus suis and Leptospira.”®
However, it must be kept in mind that cases of zoonotic bacterial meningitis

are likely to be underreported.

The incidence and causes of zoonotic bacterial meningitis have a strong
regional distribution. Most zoonotic pathogens are endemic in subtropical
and tropical regions, such as Leptospira and Brucella.®’ S. suis is the most
common cause of bacterial meningitis in Southeast Asia, attributed to pig
rearing and pork consumption.” On the contrary, cases of meningitis caused
by pathogens having their natural reservoir in cats, dogs and horses, such as
Capnocytophaga spp and Streptococcus equi, are mainly reported in Europe
and the United States - however, this could be attributable to publication
bias.

Most cases of zoonotic bacterial meningitis follow contact with animals
or consumption of animal products (Table 1,2). The animals carrying the
zoonotic pathogens may be sick, as in anthrax or tularaemia,'®!! or not
clinically affected, as in S. suis infection or Capnocytophaga canimorsus
infection.'*'* Other factors associated with zoonotic bacterial meningitis are

an immunocompromised state'*’® and person-to-person transmission.'®!?
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Rare causes of zoonotic bacterial meningitis are bioterrorism agents*®** and
iatrogenic transmission.**!

Animal contact

Animal contact is the main risk factor for zoonotic bacterial meningitis
(Table 1,2, Figure 1). For example, S. equi meningitis is associated with
regular horse contact, and Coxiella burnetii meningitis and Campylobacter
Jfetus meningitis are associated with regular contact with cattle, goats and
sheep (Table 1, Figure 1)."% Moreover, several occupations are associated
with zoonotic bacterial meningitis: butchers and abattoir workers have an
increased risk of contracting S. suis meningitis,'? and Brucella meningitis is
mainly reported in farmers and veterinarians.” The presence of skin lesions
increases the risk of contracting S. suis meningitis when working with pigs*
and of contracting Bacillus anthracis meningitis when working with cattle.”

Zoonotic bacterial meningitis is occasionally associated with animal
scratches and animal bites. For example, Bartonella henselae meningitis
follows cat scratches.®® A history of dog bites is often described in patients
with meningitis caused by the canine pathogens C. canimorsus, Pasteurella
multocida and Capnocytophaga cynodegmi.’** Although these pathogens
are present as a commensal in 21% and 19% of the oral flora of cats and dogs,
respectively, animal bites rarely result in meningitis: only approximately 30
cases of C. canimorsus meningitis and 40 cases of P multocida meningitis
have been reported worldwide in adults (Table 1)."*% In addition, only one
case of C. cynodegmi meningitis has been described so far.?®

Zoonotic bacterial meningitis is not always related to direct animal contact.
For instance, leptospiral meningitis often follows swimming in (sub)tropical
fresh water sources contaminated with animal urine. Furthermore, some
zoonotic pathogens are harboured by meat and dairy products. Ingestion
of contaminated undercooked pig products is the main risk factor for S.
suis infection in Southeast Asia. Unpasteurized dairy products may contain
several zoonotic pathogens®3° (Table 1) and consumption of these products
is therefore discouraged by the Centers for Disease Control and Prevention.®
Nonetheless, several outbreaks of zoonotic bacterial meningitis have been

reported after consumption of unpasteurized dairy products.®*
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Not all zoonotic bacteria causing meningitis in human adults cause
meningitis in animals. However, most zoonotic pathogens do cause some
kind of infection in animals, such as endometritis in C. fetus infected goats
or kidney failure in Leptospira infected dogs. Some zoonotic pathogens do
not cause any disease in animals, such as C. canimorsus in dogs and B.
henselae in cats; however, these pathogens are usually more virulent in
immunocompromised patients.!*33

Brucella B. henselae B. anthracis Brucella
B. henselae C. canimorsus Brucella C. fetus

C. canimorsus C. cynodegmi C. fetus C. burnetii
C. cynodegmi M. avium-intracellulare ~ C. burnetii S. equi
Leptospira P. multocida Leptospira

M. avium-intracellulare M. bovis

P. multocida

Brucella Brucella Leptospira F. tularensis

C. fetus Leptospira M. avium-intracellulare  Leptospira

C. burnetii M. avium-intracellulare S. equi M. avium-intracellulare
M. bovis Yersinia pestis

P. multocida
S. suis

Streptococcus iniae

Figure 1. Animals carrying zoonotic pathogens that may cause bacterial meningitis

Immunocompromised state
Bacterial meningitis in general occurs relatively more frequently in patients
with an immunocompromised state, which has been defined as the use of

immunosuppressive drugs, asplenia, diabetes mellitus, cancer, and infection
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with the human immunodeficiency virus (HIV).? Meningitis caused by
Mycobacterium bovis, Mycobacterium avium-intracellulare and B. henselae
has been associated with HIV infection.***> C. cynodegmi meningitis has
only been reported in a splenectomised patient.”® C. canimorsus meningitis
has been associated with splenectomy and alcoholism.*® S. suis meningitis
and P multocida meningitis have mainly occurred in previously healthy
individuals.”*

Person to person transmission

The pathogens causing zoonotic bacterial meningitis are rarely transmitted
between individuals. However, a few case reports describe person-to-person
transmission of Q-fever, bovine tuberculosis and C. fetus infection.'*7 In
pregnant women with C. fetus gastro-enteritis, C. fetus has been reported
to pass through the placenta, leading to premature labour and C. fetus

septicaemia and meningitis in the neonate.””

Bioterrorism agents

Several zoonotic pathogens have been considered to be a serious potential
bioterrorist threat. In 2001, anthrax powder was used in a series of attacks on
the offices of several United States senators.'! The bacteria caused infection
by inhalation, which rarely resulted in meningitis as manifestation of the
disease.'! Francisella tularensis, Brucella and Coxiella burnetii have not
been used as bioterrorism agents, but have been considered to be a threat,
since the bacteria are very infectious through aerosol route, and even a
small number of bacteria can cause disease.'*'®¥ Nevertheless, bioterrorism

has not been described as a cause of zoonotic bacterial meningitis so far.

Iatrogenic transmission

Several cases of M. bovis meningitis have been reported after BCG
vaccination and intravesical BCG instillation.?*3® All cases were reported in
patients who were immunocompromised due to cancer or HIV. Intravesical
BCG instillation may induce disseminated infection in immunocompromised
patients.?® In patients with HIV, the attenuated M. bovis bacilli in the BCG
vaccination may cause meningitis even years after vaccination.’® All patients
with iatrogenic M. bovis meningitis recovered after lengthy treatment with
tuberculostatic agents.
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Table 1. Epidemiology and etiology of zoonotic bacterial meningitis; collected data from several
systematic reviews and case reports

Name of pathogen Main reservoir Main continent Number Age Male
(systemic infection) of cases (median) gender
Bartonella benselae  Cats, dogs North America, — 420323 44 100%
South America
Campylobacter fetus  Cattle, goats, sheep ~ North America, 22" 48 73%
Western Europe
Capnocytophaga Cats, dogs North America, 33" 63 85%
canimorsus Europe
Capnocytophaga Cats, dogs North America 1% 72 0%
cynodegmi
Pasteurella multocida Cats, dogs, pigs Europe, North 364754 54 50%
America
Streptococcus equi Donkeys, goats, Europe, North 34% 61 53%
horses, dairy® America
Streptococcus suis Pigs South-east Asia 9137 49 82%
Bacillus anthracis Cattle North America,  70% 41 77%
(anthrax) Europe
Brucella (brucellosis) Camels, goats, sheep Middle-East, USA 18> 38 61%
(ssp. melitensis),
cattle (ssp. abortus),
dogs (ssp. canis),
pigs (ssp. suis),
dairy”
Coxiella burnetii Cattle, goats, sheep,  USA, Australia, 214 34 67%
(Q-fever) dairy® Middle-East
Francisella tularensis Rabbits, rodents USA, Western 5% 51 60%
(tularaemia) Europe
Leptospira Cattle, dogs, horses,  Asia, Europe 366° 33 82%
(leptospirosis) pigs, rodents,
wildlife, water®
Mycobacterium Birds, cats, deer, USA, Europe, 31% 33 45%
avium-intracellulare  dogs, horses, pigs, Africa
(avian tuberculosis) rabbits, water®
Mpycobacterium bovis ~ Cattle, deer, pigs, Europe 5134365658 39 80%

(bovine tuberculosis)

wild carnivores,
dairy®

“Non-iatrogenic cases of M. bovis meningitis, "Unpasteurized

contaminated with animal excretions

Clinical presentation

dairy products, ‘Fresh water

Bacterial meningitis typically presents with headache, fever, neck stiffness
and an altered mental status (Glasgow Coma Scale score <14).* In a
prospective nationwide cohort of 1412 adults with culture-proven bacterial
meningitis, 83% presented with headache, 74% with fever, 74% with neck
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stiffness and 71% with an altered mental status.* In zoonotic bacterial
meningitis, headache, fever and neck stiffness are common symptoms,
but an altered mental status is less frequently encountered (Table 2). An
exception is B. anthracis meningitis, which is characterized by an altered
mental status early in the clinical course since both the meninges and the
brain parenchyma are affected, and therefore, it must be considered more

on the encephalitis spectrum of disease than meningitis.*

In several zoonotic diseases, meningitis occurs as part of a systemic infection.
Meningitis caused by Leptospira, Brucella and C. burnetii occurs in patients
with leptospirosis, brucellosis, and Q-fever, respectively.®44* Patients with
these systemic infections often present with a flu-like illness characterized
by headache, myalgia and fever. However, many of these patients do not
have meningitis. In leptospirosis, only 20% of the patients presenting with
headache and fever had CSF abnormalities and thus Leptospira meningitis.®
Brucella meningitis was seen in 5% of the brucellosis patients,*” and only
1% of Q-fever patients had C. burnetii meningitis.® Compared to non-
zoonotic bacterial meningitis, meningitis caused by Leptospira, Brucella
and C. burnetii is generally less severe and has a better outcome. Other
systemic infections in which meningitis has been reported are cat scratch
disease and tularaemia. Cat scratch disease is caused by B. henselae and is
characterized by fever and lymph node enlargement.”® Tularaemia is caused
by F tularensis and is characterized by high fever, lymph node enlargement,
eye infection and pneumonia.’® Meningitis is a rare manifestation of both

infections.

Several zoonotic pathogens present with specific symptoms and concomitant
infections. §. suis meningitis is characterized by hearing loss early in the
clinical course.” In late-stage cutaneous anthrax, patients have painless
necrotic eschars with regional lymphadenopathy.?” S. equi meningitis and P
multocida meningitis often present with severe concomitant infections, such
as endocarditis, pneumonia, endophthalmitis, encephalitis and epidural

empyema.” B. henselae meningitis is often complicated by neuroretinitis.*
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Table 2. Etiology, clinical characteristics and outcome of zoonotic bacterial meningitis; collected
data from several systematic reviews and case reports

Name of Identified Immuno- Headache Fever Neck Mortality Sequelae

pathogen source of compromised stiffness in
infection survivors

B. benselae 100% 33% (1/3) N.R. 100% N.R. 0% (0/2) 0% (0/2)

C. fetus 68% 73% 64% 91%  59% 9% 15%

C. canimorsus  97% 42% 68% 93%  61% 3% 25%

C. cynodegmi  100% 100% 100% 100% N.R. 100% (1/1)  N/A*

P, multocida 88% N.R. 63% 100%  88% 20% 13%

S. equi 100% 20% 56% 100%  79% 21% 52%

S. suis 61% 0.3-19% 95% 97%  93% 3% 64%

B. antbhracis ~ 70% N.R. 45% 71%  37% 94% 29%

Brucella 100% N.R. 83% 44% 28% 0% 22%

C. burnetii N.R. N.R. 19% 57%  38% 0% 24%

F. tularensis 100% N.R. 60% 100% N.R. 0% 0%

Leptospira 97% 8% 94% 98%  93% 3% 5%

M. avium- N.R. 71% 32% 48% N.R. 77% N.R.

intracellulare

M. bovis 40% 20% 75% (3/4) 100%  75% 20% 25%

Abbreviations: N.R.: not reported. “No survivors

Ancillary investigations

Obtaining cerebrospinal fluid (CSF) through lumbar puncture is essential

#“ In community-

for establishing the diagnosis of bacterial meningitis.
acquired bacterial meningitis, typical CSF abnormalities predictive for
bacterial meningitis have been defined as a CSF glucose level of less than
1.9 mmol/L, a ratio of CSF glucose to blood glucose of less than 0.23, a
CSF protein level of more than 2.20g/L, or a CSF leukocyte count of more
than 2000/mm?.** However, in zoonotic bacterial meningitis, these typical
CSF abnormalities were often reported to be absent, especially in C. fetus
meningitis and C. canimorsus meningitis.'*!> Meningitis caused by Brucella,
C. burnetii, B. benselae, M. avium-intracellulare, M. bovis and Leptospira
presented with a mildly elevated CSF leukocyte count and a predominance
of CSF lymphocytes (Table 3).8334142 Meningitis caused by B. anthracis is
typically hemorrhagic and may therefore be mistaken for a subarachnoidal

hemorrhage.”
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CSF culture is the gold standard for diagnosing bacterial meningitis.* Blood
cultures and CSF cultures were positive in a high proportion of zoonotic
bacterial meningitis cases, but regularly remained negative in meningitis
caused by C. canimorsus, Leptospira, C. burnetii, B. henselae and non-
tuberculous mycobacteria.®*333>4 If cultures remain negative in suspected
zoonotic bacterial meningitis,16S-rRNA PCR might be useful for identifying
the causative agent. This is a highly sensitive molecular method in which a
conserved region of bacterial RNA is replicated and sequenced, and then the
strain-specific 16-rRNA sequence can be identified. 16S-rRNA PCR has for
instance been described for the identification of C. canimorsus.’* Meningitis
caused by Leptospira, C. burnetii and B. henselae is typically diagnosed by
means of blood serology combined with CSF abnormalities.®*% A recently
described method to diagnose bacterial meningitis is next generation
deep sequencing, in which all bacterial DNA is amplified to detect the
pathogen. This has been described to identify neuroleptospirosis in an

immunocompromised patient.®

Mycobacterial meningitis is notoriously difficult to diagnose in the
cerebrospinal fluid. Mycobacteria can be identified by acid-fast bacilli
staining and mycobacterial culture. In the case of CSF smears positive for
acid-fast bacilli, the T-SPOT.TB test or interferon-gamma release assays
(IGRA) can be used to differentiate the non-tuberculous mycobacteria M.
avium and M. bouvis from M. tuberculosis. Mycobacterial culture is the gold

standard for diagnosing non-tuberculous mycobacterial meningitis.

Patients with space-occupying lesions can often not undergo a lumbar
puncture due to the risk of brain herniation.* Described abnormalities on
cerebral imaging in zoonotic bacterial meningitis are brain abscesses (in
S. equi meningitis, F. tularensis meningitis and Brucella meningitis),*47%
brain edema (in S. suis meningitis)’ and subarachnoidal bleedings and
intraparenchymous bleedings (in B. anthracis meningitis).® In all patients,
blood cultures should be drawn early during presentation, as these identify
the causative organism in a large proportion of patients (60-80%).% In
patients in whom lumbar puncture is not possible, blood cultures may be
the only source from which the bacteria can be cultured.* In the case of
brain abscesses, brain biopsy can be helpful to identify the causative agent.”’
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Table 3. Cerebrospinal fluid characteristics in zoonotic bacterial meningitis; collected data from

several systematic reviews and case reports

Median CSF Median CSF Median CSF Positive Predominance
leukocyte protein, g/L glucose, CSF of cells
count/mm?® (range) mmol/L (range) culture
(range)
B. benselae N.R. N.R. N.R. 0% Lymphocytes
C. fetus 577 (48-11000)  1.00 (0.33-5.08)  2.88 (0.30-0.83) 77% PMN
C. canimorsus 951 (70-2376) 1.91 (0.32-5.02) 1.9 (0.1-3.7) 79% Lymphocytes
C. cynodegmi 24 (N/A) 1.27 (N/A) 7.0 (N/A) 100% Neutrophils
P. multocida 245 (5-622) 3.16 (N.R.) 2.52 (N.R.) N/AP Neutrophils
S. equi 1919 (31-11000)  2.62 (0.71-62.29) 2.02 (0.10-4.60)  94% Neutrophils
S. suis 1920 (N.R.)* 2.4 (N.R)? 1.09 (N.R)* 83% PMN
B. antbracis N.R. (0-10,000) N.R. (0.1-28) N.R. (1.1-2.2) 100% PMN
Brucella N.R. N.R. N.R. N.R. Lymphocytes
C. burnetii 375 (16-1393) 1.43 (0.55-3.08) N.R. 0% Lymphocytes
F tularensis 1956 (1200-2926) 1.75 (0.33-2.77)  2:1 (1.67-5.2) 80% PMN
Leptospira 206 (6-2072) 1.10 (N.R) 2.5 (N.R) 0% Lymphocytes
M. avium- 598 (4-3000) 0.52 (0.38-2.41)  2.83(1.78-3.00) N/AP Lymphocytes
intracellulare
M. bovis 258 (41-735)° N.R. N.R. N.R. Lymphocytes

Abbreviations: CSF: cerebrospinal fluid; PMN: polymorphonuclear leukocytes
"Mean instead of median was reported; "A positive CSF culture was an inclusion criterion for this
study

Treatment

The recommended antibiotic treatment in patients with community-
acquired bacterial meningitis depends on age, predisposing conditions
and local epidemiology.! Resistance of bacterial pathogens to common
antibiotics has been reported to be an increasing problem. Examples are
vancomycin-resistant enterococci and methicillin-resistant Staphylococcus
aureus. Microbial resistance to antibiotics has been reported for several
zoonotic pathogens as well: reduced susceptibility of C. canimorsus for
trimethoprim-sulfamethoxazole and gentamicin has been described,® of §.
zooepidemicus for clindamycin,? of P multocida for ceftriaxone® and of C.
Jfetus for penicillin and cefotaxime.?
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The recommended antibiotic therapy for zoonotic bacterial meningitis differs
per pathogen (Table 4). C. fetus meningitis often required lengthy treatment
with carbapenem antibiotics such as meropenem or imipenem." F. tularensis
is generally unresponsive to ceftriaxone, and F. tularensis meningitis should
therefore be treated with chloramphenicol and streptomycin.* Leptospirosis
and brucellosis are generally treated with doxycycline,” but no specific
treatment has been investigated for Leptospira meningitis and Brucella
meningitis; however, ceftriaxone is recommended for Leptospira meningitis.

In Q-fever, doxycycline is used to shorten the course of the disease.®

The recommended treatment for non-tuberculous mycobacterial meningitis
consists of rifampicin, ethambutol and isoniazid, with addition of azithromycin
or clarithromycin for M. avium-intracellulare meningitis.*>>! Tuberculous
meningitis is treated by four antituberculosis drugs for at least the first 2
months of therapy, followed by treatment with rifampin and isoniazid for an
additional 7 to 10 months.>* For non-tuberculous mycobacterial meningitis,

the duration of treatment has not been investigated.

Dexamethasone administration has been associated with a better outcome
and survival in bacterial meningitis in general.* In tuberculous meningitis,
adjunctive treatment with dexamethasone improved survival.’? In S. suis
meningitis, dexamethasone has been shown to improve hearing loss,” and
in B. anthracis infection, it has been associated with a better outcome.?
Dexamethasone administration has not been studied in meningitis caused by
the other zoonotic pathogens or non-tuberculous mycobacterial meningitis,
but is advised in the acute treatment of bacterial meningitis in general.”

Outcome and prognostic factors

The mortality of zoonotic bacterial meningitis is variable. B. anthracis
meningitis had the worst prognosis, with a mortality of 94%.* M. avium-
intracellulare meningitis had a mortality of 77%, which was associated with
HIV-positivity.*> S. equi meningitis had a mortality of 21% and sequelae were
reported in 52% of survivors.*? In pigs, unfavourable outcome of S. equi
infection has been associated with specific bacterial genetic factors; these

127



Chapter 9

may also influence disease severity in humans.? Other factors associated with
an unfavourable outcome in zoonotic bacterial meningitis are splenectomy
in C. canimorsus meningitis and C. cynodegmi meningitis,">* and a positive
CSF culture and HIV-positivity in M. bovis meningitis.” Sequelae occurred
in 0% (F. tularensis meningitis)® to 64% (S. suis meningitis)” of all cases and
mainly consisted of hearing loss. For patients in whom §. suis is identified
as causative organism of bacterial meningitis, it is important to consult the
otorhinolaryngologist early for audiometry and to evaluate whether cochlear

implantation is possible.”

Prevention

Because of the low incidence of zoonotic bacterial meningitis, it is unlikely
that preventive measures lead to a decrease of the incidence. However, in
case of a wound inflicted by an animal, immunocompromised patients should
be considered to be treated with post-exposure prophylactic antibiotics to
prevent infection.” Since complications have been more frequently reported
in patients with meningitis after splenectomy,®* these patients should
be extra careful when handling animals and are advised not to choose
a profession with regular animal handling. Post-exposure prophylactic
antibiotics are advised in immunocompromised patients after animal bites'?
and in immunocompromised patients travelling to leptospirosis-endemic
countries.’® Prophylactic tuberculostatic agents are advised in HIV positive
patients with less than 50 CD4+ T-lymphocytes/pL for prevention of M.
avium-intracellulare infection.>>

Vaccines are available for several bacteria causing zoonotic meningitis.
These vaccines are generally administered to the animals serving as natural
reservoir for these pathogens, such as S. equi in horses, Leptospira in dogs
and Brucella in cattle. Human vaccines are available for infection with
Leptospira, C. burnetii and B. anthracis, but none of these vaccines has been
widely implemented. The M. bovis bacilli Calmette-Guérin (BCG) vaccine,
used to protect humans against Mycobacterium tuberculosis infection, has
been associated with M. bovis meningitis in immunocompromised patients
and is therefore discouraged in patients with HIV infection.*®
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Table 4. Recommended antibiotic treatment for several causes of zoonotic bacterial meningitis

Pathogen Recommended treatment  Alternative Post-exposure prophylaxis
treatment or prevention

B. benselae®® Doxycycline plus - -

rifampicin

C. fetus® Meropenem -

C. canimorsus®™ Penicillin, ceftriaxone Ciprofloxacin, Amoxicillin
doxycycline

C. cynodegmi®>  Penicillin, ceftriaxone Ciprofloxacin, Amoxicillin
doxycycline

P. multocida?”  Penicillin, ceftriaxone Meropenem -

S. equi®® Ceftriaxone Penicillin -

S. suis’ Ceftriaxone Penicillin -

B. anthracis®®  Ciprofloxacin plus Ciprofloxacin Ciprofloxacin, doxycycline

Brucella®

penicillin/ampicillin

Doxycycline plus

plus meropenem/

rifampicin /
vancomycin
Doxycycline plus

Doxycycline plus

rifampicin/streptomycin gentamicin rifampicin
C. burnetii*! Doxycycline - -
F. tularensis*  Chloramphenicol plus Chloramphenicol -
streptomycin plus gentamicin
Leptospira® Ceftriaxone Penicillin Doxycycline
M. avium- Rifampicin plus isoniazid - Rifabutin®
intracellulare’ plus ethambutol plus
azitromycin /claritromycin
M. bovis’! Rifampicin plus isoniazid - Rifabutin®
plus ethambutol
Conclusion

Zoonotic bacterial meningitis in adults is uncommon. The suspicion should

be raised in patients with bacterial meningitis who have recreational or

professional contact with animals, and in patients living in regions endemic

for specific zoonotic pathogens. An immunocompromised state is associated

with a worse prognosis in zoonotic bacterial meningitis. Different types

of zoonotic bacterial meningitis have been described in this review and

present with specific clinical characteristics, complications and outcome.

Identification of risk factors and underlying disease is necessary to improve

treatment.
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Future research and perspectives

This is the first research project to describe zoonotic bacterial meningitis.
Zoonotic bacterial meningitis is uncommon. However, this might change,
since zoonotic infectious diseases are emerging. More knowledge and
identification of risk factors and underlying disease is necessary to improve
diagnostics and treatment.

As animal contact is the most important risk factor for zoonotic bacterial
meningitis, physicians need to be aware of this and ask patients about
animal contact if they are suspected of bacterial meningitis. Furthermore, it
would be useful to start a nationwide prospective surveillance to identify
patients with zoonotic diseases, since many zoonotic diseases may be
underreported.

Diagnosing zoonotic bacterial meningitis may be difficult. Since several
zoonotic pathogens are difficult to detect due to the absence of CSF
abnormalities and negative cultures, new molecular methods should be
developed to identify these pathogens.

The treatment for zoonotic bacterial meningitis is highly diverse and has
not been standardized. Furthermore, adjunctive dexamethasone has not
been studied well. To investigate the effect of dexamethasone on mortality
and neurological sequelae, one could perform a cohort study in countries
endemic for specific zoonotic pathogens, e.g. for the non-tuberculous
mycobacteria.

The mortality of meningitis caused by some zoonotic pathogens, such as
S. equi and B. anthracis, is high. In pigs, unfavourable outcome of S. equi
infection has been associated with specific bacterial genetic factors; these
may also influence disease severity in humans. These bacterial genetic factors
could be investigated in other zoonotic pathogens as well, to improve the

prognosis and prevent sequelae of zoonotic bacterial meningitis.
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SUMMARY



Zoonotic bacterial meningitis in adults:
clinical characteristics, etiology, treatment and outcome

Since the early days of history, it has been known that diseases can be
transmitted from animals to humans. More than 200 zoonotic diseases have
been described, of which some have had a major impact on human civilization.
Since the invention of modern sanitation and public health practice, the
spread of infectious diseases has declined markedly. Nevertheless, more
than 60% of the emerging infectious diseases are zoonotic and zoonotic
diseases are thus an increasing public health problem. One of the possible
clinical manifestations of a zoonotic bacterial infection is meningitis.
Meningitis caused by pathogens originating from humans has been studied,
but little is known about the clinical presentation, risk factors, complications
and prognosis of meningitis caused by bacteria originating from animals. In
this thesis, we describe several zoonotic causes of bacterial meningitis and
give an overview on zoonotic bacterial meningitis in general.

In Chapters 2-6, we describe cases of zoonotic bacterial meningitis identified
in a nationwide prospective cohort study of adult bacterial meningitis
patients, and perform a literature review on each zoonotic pathogen.

In Chapter 2, we discuss Streptococcus equi meningitis. S. equi meningitis is
associated with horse contact and the consumption of unpasteurized dairy
products. Although rare, the associated mortality is high and many survivors
suffer from neurological sequelae. Endocarditis should be considered in all
patients with S. equi meningitis.

In Chapters 3 and 4, we describe cases of Streptococcus suis meningitis in
the Netherlands and perform a systematic review and meta-analysis on .
suis meningitis. In the Netherlands, S. suis meningitis remains a rare disease
which should be considered in patients with professional pig contact. In
general, S. suis meningitis is predominantly seen in men after contact with
pigs or pork and is endemic in pig rearing and pork consuming countries
such as Vietnam, Thailand and China. The typical clinical presentation
consists of hearing loss, fever, headache and neck stiffness, and skin injury
in the presence of pig/pork contact is present in 20% of the cases. Although
the mortality of S. suis meningitis is low compared with S. suis infection in
general and other causes of bacterial meningitis, 53% of patients end up

with hearing loss. Dexamethasone has shown to reduce hearing loss.
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In Chapter 5, we discuss Capnocytophaga canimorsus meningitis. C.
canimorsus meningitis has a clear association with dog bites and an
immunocompromised status. Since CSF cultures may remain negative during
the first days, molecular diagnostic tools based on 16S rRNA gene amplification
of bacterial DNA in CSF following PCR is recommended in patients with
meningitis after a dog bite and negative initial CSF cultures. When bacterial
meningitis occurs after a dog bite, other pathogens originating from dogs
as a cause of the bacterial meningitis, such as Pasteurella multocida and
Capnocytobaga cynodegmi, should be kept in mind when the choice for
empirical antibiotic treatment is made.

In Chapter 6, we discuss Campylobacter fetus meningitis. C. fetus is a rare
cause of bacterial meningitis and is associated with an immunocompromised
state. Recurrence of symptoms is often described and prolonged antibiotics

treatment with meropenem or imipenem is recommended.

In Chapter 7, we discuss leptospiral meningitis. In the case of suspected
meningitis and a history of visiting tropical areas or direct or indirect
contact with animal urine, leptospiral meningitis should be considered.
Cerebrospinal fluid examination is vital for the differential diagnosis of
leptospirosis. Outcome is generally favourable in patients with leptospiral
meningitis treated with antibiotics.

In Chapter 8, we describe cases of Streptococcus gallolyticus meningitis
and perform a review of the literature. S. gallolyticus was first discovered
in cattle, but cases of S. gallolyticus meningitis are not associated with
animal contact. However, S. gallolyticus meningitis is associated with colon
diseases and endocarditis, and therefore, consulting a gastroenterologist and
cardiologist is important. Stool examinations for Strongyloides stercoralis
should be performed in patients who have travelled to or originate from
endemic areas.

Finally, an overview of zoonotic bacterial meningitis in adults in general is
provided in Chapter 9. Zoonotic bacterial meningitis is uncommon and the
suspicion should be raised in patients with bacterial meningitis who have
recreational or professional contact with animals, and in patients living in

regions endemic for specific zoonotic pathogens. An immunocompromised
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state is associated with a worse prognosis in zoonotic bacterial meningitis.
Different types of zoonotic bacterial meningitis are described and present with
specific clinical characteristics, complications and outcome. Identification of
risk factors and underlying disease is necessary to improve treatment.
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Zoonotische bacteriéle meningitis bij volwassenen:
klinische karakteristieken, etiologie, behandeling en
uitkomst

Het is reeds lang bekend dat ziekten kunnen worden overgedragen van
dier op mens. Wereldwijd zijn er meer dan 200 zogeheten zoonotische
infectieziekten beschreven, waarvan sommigen een grote invloed hebben
gehad op de beschaving. De verspreiding van infectieziekten is sterk
afgenomen door hygiénische maatregelen en publieke gezondheidszorg.
Meer dan 60% van de opkomende infectieziekten wordt echter veroorzaakt
door zoonotische pathogenen en zoonotische infecties zijn dan ook een
toenemend gezondheidsprobleem. Eén van de mogelijke uitingen van een
zoonotische bacteriéle infectie is hersenvliesontsteking (meningitis). Er is
uitgebreid onderzoek gedaan naar meningitis veroorzaakt door humane
pathogenen, maar er is weinig bekend over de klinische presentatie,
risicofactoren, complicaties en prognose van meningitis veroorzaakt door
van dieren afkomstige bacterién. In dit proefschrift worden verschillende
oorzaken van zoonotische bacteri€éle meningitis beschreven en geven we

een overzicht van zoonotische bacteri¢le meningitis in het algemeen.

In Hoofdstuk 2 tot en met 6 beschrijven we verschillende bacterién die
zoonotische meningitis veroorzaken. Deze bacterién zijn geidentificeerd in
een nationale prospectieve cohort studie waarin volwassen patiénten met
bacteriéle meningitis in Nederland zijn geincludeerd. Ook geven we per
pathogeen een overzicht van de literatuur. In Hoofdstuk 2 beschrijven we een
casus van Streptococcus equi meningitis. S. equi meningitis is geassocieerd
met contact met paarden en het consumeren van ongepasteuriseerde
melkproducten. Hoewel het een zeldzame aandoening is, is de mortaliteit
hoog en veel overlevende patiénten houden er restverschijnselen aan over.
Bij alle patiénten met S. equi meningitis dient endocarditis in het achterhoofd
gehouden te worden.

In Hoofdstuk 3 en 4 beschrijven we casus van Streptococcus suis meningitis
in Nederland en verrichten we een systematische review en meta-analyse
van S. suis meningitis. In Nederland is S. suis meningitis een zeldzame

ziekte waaraan gedacht moet worden bij patiénten met meningitis die
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regelmatig in contact komen met varkens. S. suis meningitis wordt vooral
gezien bij mannen die contact hebben met varkens of varkensvlees en is
endemisch in landen waar varkens worden gehouden en veel varkensvlees
wordt gegeten, zoals Vietnam, Thailand en China. Patiénten met S. suis
meningitis presenteren zich meestal met gehoorverlies, hoofdpijn, koorts en
nekstijtheid, en in 20% van de gevallen is er sprak van huidletsel bij patiénten
die contact hebben gehad met (varkens)vlees. Hoewel de mortaliteit van S.
suis meningitis laag is vergeleken met S. suis infectie in het algemeen en
andere oorzaken van bacteriéle meningitis, houdt 53% van de patiénten er
gehoorverlies aan over. Er is aangetoond dat dexamethason in patiénten

met S. suis meningitis gehoorverlies vermindert.

In Hoofdstuk 5 gaan we in op Capnocytophaga canimorsus meningitis. C.
canimorsus meningitis heeft een duidelijk verband met hondenbeten en
een immuungecompromitteerde status. Aangezien liquorkweken de eerste
dagen negatief kunnen zijn, wordt er aanbevolen om ook andere vormen
van diagnostiek zoals 16S rRNA genetische amplificatie met PCR in te zetten
om de bacterie te isoleren bij patiénten met meningitis die recent door een
hond zijn gebeten. Als bacteriéle meningitis optreedt na een hondenbeet,
moet er ook gedacht worden aan andere pathogenen uit de natuurlijke
flora van honden als oorzaak van de meningitis, zoals Pasteurella multocida
en Capnocytophaga cynodegmi, waarop de antibiotische behandeling moet
worden afgestemd.

In Hoofdstuk 6 beschrijven we Campylobacter fetus meningitis. C. fetus is
een zeldzame oorzaak van bacteri¢le meningitis en wordt geassocieerd met
een immuungecompromitteerde status. Terugkeer van de symptomen na
behandeling wordt vaak beschreven en langdurige antibiotische behandeling
met meropenem of imipenem wordt aangeraden.

In Hoofdstuk 7 beschrijven we meningitis veroorzaakt door Leptospira. Bij
verdenking meningitis en een recent buitenlandbezoek of direct of indirect
contact met dierlijke urine, dient er te worden gedacht aan leptospirose
meningitis. Liquordiagnostiek is van belang voor de differentiaaldiagnose.
De prognose is over het algemeen goed bij patiénten die worden behandeld
met antibiotica.
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In Hoofdstuk 8 beschrijven we een aantal patiénten met Streptococcuis
gallolyticus meningitis en geven we een overzicht van de literatuur. S.
gallolyticus werd voor het eerst geidentificeerd in runderen, maar S.
gallolyticus meningitis is niet geassocieerd met diercontact. S. gallolyticus
meningitis wordt wel geassocieerd met aandoeningen aan de dikke darm
en endocarditis. Het is daarom belangrijk om een gastro-enteroloog en
cardioloog te consulteren, om de bovengenoemde aandoeningen uit te
sluiten. Bij patiénten afkomstig uit gebieden komen die endemisch zijn voor

Strongyloides stercoralis, is ontlastingsonderzoek geindiceerd.

Tot slot geven we in Hoofdstuk 9 een overzicht van zodnotische bacteriéle
meningitis in het algemeen. Zoonotische bacteriéle meningitis komt niet
vaak voor en er dient aan gedacht te worden bij patiénten met bacterié¢le
meningitis die recreatief dan wel professioneel contact hebben met
dieren, en bij patiénten die in gebieden wonen die endemisch zijn voor
bepaalde zoonotische pathogenen. Een immuungecompromitteerde status
wordt geassocieerd met een slechtere prognose. In Hoofdstuk 9 worden
verschillende oorzaken van zoonotische bacteriéle meningitis beschreven,
die zich presenteren met specifieke klinische karakteristieken, complicaties
en prognose. Identificatie van risicofactoren en onderliggende aandoeningen
is essentieel om de therapie te verbeteren.
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