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30 SUMMARY:
31 Here, we describe a method to induce meningococcal meningitis through an intracisternal route
32  of infection in adult mice. We present a step by step protocol of meningococcal infection from
33  the preparation of inoculum to the intracisternal infection; then record the animal survival and
34  evaluate the bacterial loads in murine tissues.
35
36 ABSTRACT:
37  Neisseria meningitidis (meningococcus) is a narrow-host-range microorganism, globally
38 recognized as the leading cause of bacterial meningitis. Meningococcus is a transient colonizer
39  of human nasopharynx of approximately 10% of healthy subject. In particular circumstances, it
40 acquires an invasive ability to penetrate the mucosal barrier and invades the bloodstream causing
41  septicaemia. In the latest case, fulminating sepsis could arise even without the consequent
42  development of meningitis. Conversely, bacteria could poorly multiply in the bloodstream, cross
43  the blood brain barrier, reach the central nervous system, leading to fulminant meningitis. The
44  murine models of bacterial meningitis represent a useful tool to investigate the host-pathogen
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interactions and to analyze the pathogenetic mechanisms responsible for this lethal disease.
Although, several experimental model systems have been evaluated over the last decades, none
of these were able to reproduce the characteristic pathological events of meningococcal disease.
In this experimental protocol, we describe a detailed procedure for the induction of
meningococcal meningitis in a mouse model based on the intracisternal inoculation of bacteria.
The peculiar signs of human meningitis were recorded in the murine host through the assessment
of clinical parameters (e.g., temperature, body weight), evaluation of survival rate,
microbiological analysis and histological examination of brain injury. When using intracisternal
(i.cist.) inoculum, meningococci complete delivery directly into cisterna magna, leading to a very
efficient meningococcal replication in the brain tissue. A 1,000-fold increase of viable count of
bacteria is observed in about 18 h. Moreover, meningococci are also found in the spleen, and
liver of infected mice, suggesting that the liver may represent a target organ for meningococcal
replication.

INTRODUCTION:

Neisseria meningitidis is a Gram negative B-proteobacterium restricted to the human host, well
known for being one of the most common causes of meningitis and sepsis in the human
population across the world. It colonizes the upper respiratory tract (nose and throat) of healthy
and asymptomatic carriers (2-30% of the population), but the bacterium sometimes evades
various host immune defenses and spreads from the bloodstream to the brain causing an
uncontrolled local inflammation, known as meningococcal meningitis. A combination of host and
bacterial factors appears to contribute to the transition from the commensal to the invasive
behavior?.

N. meningitidis is specialized exclusively in human colonization and infection. It has a narrow host
range and, therefore, has limited in vivo pathogenesis studies due to the lack of suitable animal
models that reproduce the human meningococcal disease. As a result, it had led to fundamental
gaps in the comprehension concerning the pathogenesis of septicemia and meningitis caused by
meningococcus. In the last decades, the development of many in vitro systems allowed the
identification of several meningococcal virulence factors®*. Although these valuable studies
provided important insights to understand the role of these factors for a successful
meningococcal infection, these models did not allow assessment of the consequences of
bacterial interactions with the humoral and cellular immune system and even less with the whole
tissue. In vivo animal models of infection are of great relevance as well for the evaluation of
protection degree conferred by vaccine formulations. As a human-tropic pathogen,
meningococcus possess appropriate determinants necessary for successful infection such as
surface structures (i.e., type IV pili and opacity proteins) and iron uptake systems for human
receptors and transport proteins (i.e., transferrin and lactoferrin)>’ to properly adhere, survive
and invade the human host. Finally, the genetic variation abilities of the pathogen to evade
and/or block the human immune response further contribute to the high species tropism?8®.
Therefore, the absence of specific host factors, involved in the interaction, can block steps of the
pathogen’s life cycle, establishing significant difficulties in the development of small animal
models summarizing the meningococcal life cycle.
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Over the past decades, several approaches have been developed to improve our understanding
of the meningococcal infectious cycle. Infections of two animal model, mouse and rat, either
intraperitoneally (i.p.) or intranasally (i.n.), were developed to reproduce meningococcal
disease!®!’, The laboratory mouse is probably one of the more versatile animals for inducing
experimental meningococcal infection.

However, the i.p. way of infection leads to the development of severe sepsis although it does not
mimic the natural route of infection, whereas the i.n. route of infection was useful to evaluate
meningococcal pathogenesis, even though it may induce lung infection prior to sepsist®’.

The i.p. mouse model was instrumental to assess the protection from the meningococcal
challenge'®!?. The mouse model of meningococcal colonization based on the i.n. route of
infection has been developed with infant mice, as they are more susceptible to meningococci, to
reproduce an invasive infection mimicking the course of the meningococcal disease in humans'*
7 Moreover, to promote meningococcal replication in the murine host, a growing number of
technical strategies were also applied including the administration of the iron to the animals to
improve the infection, the use of high bacterial inoculum, mouse-passaged bacterial strain as well
as the employment of infant or immunocompromised animal hosts'%'3151813 Expression of
specific human factors like CD46%° or transferrin?! has increased the susceptibility of mice to this
human-tropic bacterium; the employment of the human skin xenograft model of infection has
also been useful to evaluate the adhesion ability of meningococci to human endothelium?223,
Collectively, the recent development of humanized transgenic mice has improved the
understanding of the meningococcal pathogenesis and its host interactions.

Previously, we developed a murine model of meningococcal meningitis where the inoculation of
bacteria was performed into the cisterna magna of adult mice with mouse-passaged bacteria??.
Clinical parameters and the survival rate of infected mice demonstrated the establishment of
meningitis with characteristics comparable to those seen in the human host, as well as, the
microbiological and histological analyses of the brain. From these infected mice, bacteria were,
also, recovered from blood, liver, and spleen, and bacterial loads from peripheral organs
correlated with the infectious dose. In particular, this model was employed to evaluate the
virulence of an isogenic mutant strain defective in the L-glutamate transporter GItT?4. Recently,
using our mouse model of meningococcal meningitis based on i.cist. route with serogroup C
strain 93/4286%2* and an isogenic mutant defective in cssA gene encoding for UDP-N-
acetylglucosamine 2-epimerase?>, we have analyzed the role of exposed sialic acid in the
establishment of disease in mice.

In this protocol, we describe a straightforward method to induce experimental meningococcal
meningitis based on the i.cist. route of infection in Balb/c adult mice. This method is particularly
useful for the characterization of meningococcal infection in a murine host, as well as for the
assessment of the virulence between wild type reference strains and isogenic mutants. The intra-
cisternal route of infection ensures complete delivery of the meningococci directly into the
cisterna magna, which in turn facilitates bacterial replication in the cerebrospinal fluid (CSF) and
induces meningitis with features that mimic those present in humans%242,
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PROTOCOL:

This protocol was conducted to minimize animal suffering and reduce the number of mice in
accordance with the European Communities Council Directive of November 24, 1986
(86/609/EEC). In vivo experiments reported in this study were approved by the Ethical Animal
Care and Use Committee (Prot. number 2, 14 December 2012) and the Italian Ministry of Health
(Prot. number 0000094-A-03/01/2013). All the procedures should be performed inside the
Biosafety Cabinet 2 (BSC2) in a BSL2 room, and the potential infected waste should be disposed
in dedicated containers.

1. Infection of mice with N. meningitidis Serogroup C strain

CAUTION: N. meningitidis is potentially a harmful pathogen and all necessary precautions must
be taken when handling this microorganism. The entire experimentation requires Biosafety Level
2 (BSL2) containment. The researcher involved in animal studies should wear disposable personal
protective equipment (PPE) for the duration of the experiment.

1.1. Preparation of bacteria for in vivo infection studies

1.1.1. Pick a single colony from a fresh Neisseria meningitidis culture on GC (Gonococcal) agar
plate supplemented with 1% (vol/vol) Polyvitox supplement and inoculate in 10 mL of GC broth.

1.1.2. Grow the bacteria at 37 °C in an orbital shaker incubator with the speed of 220 rpm. Keep
checking the 0.D. of the culture with a spectrophotometer. Grow the culture until the early

exponential phase at an optical density ODgoonm Of 0.7, corresponding to ~ 7 x 108 CFU/mL.

1.1.3. Once the required O.D. is obtained, make frozen stocks by adding 10% glycerol. Dispense
1 mL of the culture in the cryovials. Store the vials at -80 °C until use.

NOTE: Although it is better to use fresh bacterial culture, frozen stocks were used to simplify and
standardize the in vivo experiment. Usually the frozen stocks have been employed within
approximately 6 months from the preparation.

1.1.4. Before the infection, thaw frozen bacteria at room temperature.

1.1.5. Harvest the bacterial cells by centrifugation for 15 min at 1,500 x g and resuspend in 1 mL
of fresh GC broth containing iron dextran (5 mg/kg).

NOTE: The GC broth is prepared with the addition of iron dextran (5 mg/kg) in order to favor the
replication of meningococci in the host tissue!#1827,

1.1.6. Before using, perform viable counts of bacteria to determine the exact number of CFU for
infection. To do so, pick up 10 plL of bacterial suspension and proceed with serial dilutions and
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spread each dilution on GC agar plates and incubate at 37 °C with 5% CO,, for 18-24 h.
1.2. Intra-cisternal injection of mice

NOTE: The entire procedure is performed in the laminar flow cabinet to maintain aseptic
conditions.

1.2.1. House laboratory mice (eight-week-old, female Balb/c) under specific pathogen free
conditions. Provide food pellets and water ad libitum.

1.2.2. Settle the animals in the new environment for 1 week before starting the experiment.
1.2.3. Before starting the experiment, weigh and evaluate their body temperature.

NOTE: The inbred Balb/c female mice of eight-week-old weigh an average of about 19 g. The
average temperature of laboratory mice physiologically ranging from 36-38 °C?.

1.2.4. Scruff the animal from the neck, proceed with the 70% ethanol disinfection of the
abdomen and inject i.p. iron dextran (dissolved in 1 % phosphate saline buffer, 250 mg/kg) in the
lower right quadrant of the murine abdomen by using a 25 G needle 0.5 mm x 16 mm,
approximately 2-3 h before the infection.

NOTE: The intraperitoneal injection was performed in the lower right quadrant of the murine
abdomen to avoid damaging abdominal organs such as urinary bladder, cecum, etc. The
administration of exogenous iron source, in the form of iron dextran, to animals prior to the
infection favors the bacterial multiplication in the host!41827,

1.2.5. After 2-3 h, perform animal anesthesia with ketamine (50 mg/kg) and xylazine (3 mg/kg).

1.2.6. Check for the depth of anesthesia by ensuring the absence of pain response upon pinching
the toe.

1.2.7. Position the mouse in sternal decubitus and carefully stretch the limbs and the cervical
spine to keep the vertebral column in a straight position.

1.2.8. Gently mix the bacterial suspension to maintain a consistent suspension before loading a
syringe of 30 G needle x 8 mm.

NOTE: Prepare the bacterial suspension as close as possible to the injection time; meanwhile,
store it at room temperature.

1.2.9. Based on the post thawing bacterial titer (CFU/mL), proceed with the calculation of the
total CFU to be used, with respect to the total number of animals to be infected (CFU bacterial

dose per number of animals). Proceed with the calculation of the exact volume to be taken from
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the vial to obtain the total CFU applying a proportion between the post thawing bacterial titer
(CFU/mL) and the total CFU useful for the infection of n mice (post thawing bacterial titer
CFU/mlI= total CFU: x). Establish the final volume with respect to the total number of animals to
be infected.

NOTE: In these experiments, a wide range of titer from 10* to 10° per animal was used.

1.2.10. Proceed with the 70% ethanol disinfection of the surgical area (head).

1.2.11. Identify the injection point with the help of a needle and inject the established CFU of
meningococci (wild type strain and isogenic mutant strain), or GC broth supplemented with iron
dextran (5 mg/kg) as control, in a total volume of 10 ulL into the cisterna magna of mice through
an occipital burr hole by using a 30 G needle x 8 mm.

1.2.11.1. Perform the cisternal inoculum by placing the needle at the craniocervical junction,
specifically in the dorsal subarachnoid space. Ventroflex the head the to make this space
accessible?8.

1.2.11.2. Briefly, place the animal in lateral recumbency, hold the ears out of the way and flex
the neck flexed moderately (90 to 100°) at the cisternal region. Ensure that the midline of the
neck and the head (from the nose to the occiput) are in perfectly parallel position to the tabletop.
1.2.11.3. Touch the atlas wings and make sure that they overlap, eliminating axial rotation. A
natural indentation can usually be touched on midline where the needle is most likely to enter
the occipital hole.

1.2.11.4. Discard the syringe and needle safely after the injection of mice with Neisseria.

1.2.12. Place the animal in the cage and wait for the awakening and full recovery of movement.
1.2.13. Keep the cages with infected mice under a laminar flow cabinet.

1.2.14. Monitor mice, 24 h post infection, for clinical signs of coma according to the coma scale?.
Coma scale: 1 = coma, 2 = does not stand upright after being turned on the back, 3 = stands

upright within 30 s, 4 = stands upright within 5 s, minimal ambulatory activities, 5 = normal.

1.2.15. Proceed for the animal survival or CFU counts assay on the infected animals as detailed
in step 2.

1.2.16. Perform euthanasia of mice with a score of 2 by cervical dislocation and record as dead
for statistical analysis.

2. Animal survival and CFU counts
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2.1. Animal survival

2.1.1. Prepare bacterial inocula at different doses (ranging from 10 to 10° CFU per mouse) to
infect animals by the i.cist. route (see step 1.2).

2.1.2. Inoculate control mice with GC broth, supplemented with iron dextran (5 mg/kg), in the
same manner.

2.1.3. Monitor animals for clinical symptoms: ruffled fur, hunched appearance, hypothermia,
weight loss, lethargy, or moribund?42630, every day throughout the whole experiment for 168

hours (7 days).

2.1.4. Measure the body weight and temperature by using a digital balance and a rectal
thermometer, respectively.

2.1.5. Record the survival of mice for a week.

NOTE: Record the natural death of animal post infection while the animals that reach a coma
value of 2 or that survive over 168 h of observation will be euthanized.

2.1.6. Anesthetize mice with a coma value of 2 or that survive over the observation time with
ketamine (50 mg/kg) and xylazine (3 mg/kg).

2.1.7. Check that the pain response is absent by toe pinch.

2.1.8. Perform euthanasia of mice by cervical dislocation and record as dead for statistical
analysis.

2.2. Evaluation of colony forming units (CFU) counts in peripheral organs

2.2.1. Use a sub-lethal bacterial dose (5 x 10°CFU/mice) on the basis of animal survival results to
inoculate animals by the i.cist. route (see subsection 1.2).

2.2.2. Perform anesthesia of animals at 48 h post infection as mentioned in step 2.

2.2.3. Proceed with the 70% ethanol disinfection of the chest and withdraw 600-700 pL of blood
by cardiac puncture of the chest cavity using a 25 G needle 0.5 x 16 mm.

2.2.4. Collect the blood in a tube containing 3.8% sodium citrate and store at -80 °C for the later
viable bacterial cell counts.

2.2.5. Perform cervical dislocation to sacrifice the animals. Confirm the death recording the
absence of heartbeat, after sacrificing the mouse according to all relevant institutional and

ethical guidelines.
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2.2.7. Lay the mouse in the supine position and use scissors and forceps to proceed with the cut
of the fur along the sagittal plane of body. Fix the skin with the fur on the sides of the body with
pins.

2.2.9. Cut off the peritoneal membrane using sharp scissors. Use scissors and disposable forceps
to excise the organs (e.g., spleen and liver) and put each one in sterile Petri dish with 1 mL of GC
broth supplemented with 10% (vol/vol) glycerol.

2.2.10. Safely dispose the mouse body as per IACUC guidelines.

2.2.11. Homogenize the organs mechanically at room temperature with the plunger of a 5 mL
syringe for about 2-3 min until a single-cell suspension is formed and transfer it in a tube.

2.2.12 Put the tube with the homogenized tissue sample immediately on the dry ice.

NOTE: Samples can be stored at -80 °C in a 2 mL sterile tube for performing the viable bacterial
cell counts evaluation at later points.

2.2.13. Make GC agar plates with antibiotics when required. Dry the plates prior to the use pre-
incubating at 37 °C for 2-3 h.

2.2.14. Prepare 10-fold serial dilutions of the samples in GC broth from each homogenized tissue
and plate onto GC agar plates. Incubate overnight at 37 °C with 5% CO,.

3. Preparation of brain tissues for CFU count

3.1. Use a sub-lethal bacterial dose (5 x 10°CFU/mice) on the basis of animal survival results to
inoculate animals by the i.cist. route (see subsection 1.2).

3.2. Perform anesthesia of animals at established infection time as mentioned in step 2.

3.3. Perform euthanasia of animals by cervical dislocation.

3.4. Proceed with the 70% ethanol disinfection of the mouse head.

3.5. Cut off the head of mouse using a large scissors.

3.6. Resect the fur and the skin with the help of small surgical scissors and a fine tipped steel
forceps, proceeding towards the top of the skull to be able to clearly see the sutures and to guide

the opening of the cranium.

3.7. Insert the tip of a tiny scissors through the foramen magnum to open the skull.
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3.8. Cut towards the center of the cranium and across the midline of parietal bone to the opposite
side of the skull. Gently cut along the lateral rim of the lambdoid suture.

3.8. Lift the cranium starting from the posterior parietal corner and pull it diagonally upward to
discover the brain, by using fine tipped forceps.

3.9. Be sure that the brain tissue is not attached to any bone of the head, when the skull is lifted.

3.10. Use disposable forceps to remove any connective tissue between the skull and the brain,
to ensure that brain tissue being removed along with the skull.

3.11. Do not allow the brain tissue dry out too much. Place the brain, using disposable forceps,
in a Petri dish with 1 mL of GC broth supplemented with 10% (vol/vol) glycerol.

3.12. Homogenize the brain mechanically with the plunger of a 5 mL syringe (see step 2.2.11).
Transfer the samples into a 2 mL sterile tube and store -80 °C for the later viable bacterial cell
counts evaluation as discussed in step 2.2.

REPRESENTATIVE RESULTS:

Survival of mice infected with N. meningitidis wild type and isogenic mutant strains.

The Neisseria meningitidis strains used in these representative results are the serogroup C
reference strain 93/4286 (ET-37) and its isogenic mutant 93/4286QcssA obtained by insertional
inactivation of the cssA gene, coding for the UDP-N-acetylglucosamine 2-epimerase, that maps
in capsule synthesis locus?®. To assess the virulence degree of the cssA-defective strain in the
present murine model, the lethal dose able to determine the death of 50% of infected animals
(LDso) was evaluated. To this purpose three groups of animals were infected intracisternally with
doses ranging from 10* to 108 CFU of the wild type strain 93/4286 and with doses of mutant strain
93/4286QcssA between 107 to 10° CFU. Generally, the reduction of clinical parameters (e.g., body
weight and temperature) and the increasing of mortality rate happened within the first 72 h after
the infection. The LDso for the wild type strain corresponded to the meningococcal challenge of
10* CFU, whereas the mortality rate with the dose of 10> CFU was equal to 83.4% and with 10°
CFU of 100% (Figure 1A). Conversely, to obtain the LDso for the mutant strain 93/4286QcssA, it
has been necessary a dose of 108 CFU (Figure 1B), an amount of 10,000 folds higher compared
to wild type strain.

Evaluation of N. meningitidis viable CFU in the mouse brain tissues.

To follow the kinetics of infection in the brain tissue of infected animals, a time course assay was
performed with wild type or cssA mutant strain?®. After the i.cist. injection with 5x10° CFU of
93/4286 or 93/4286QcssA strains, there was a rapid increase of wild type bacteria in the brain
tissue reaching the highest numbers at around 24 h post infection (Figure 2A); conversely in the
brain of mice challenged with the isogenic cssA-defective mutant, the viable counts dropped
progressively over time until to 2.026 log CFU + 1.774 72 h post infection (Figure 2A). The
experiment has shown that 33.3% of the mutant challenged mice showed bacterial clearance
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from the infection site, whereas infection with wild type strain was never eradicated from the
brain of animals.

Evaluation of meningococcal load in spleen and liver 48h post-challenge.

This experiment was performed to evaluate the clearance of bacteria from infected mice 48 h
post-challenge in peripheral organs. To this aim, two groups of mice were infected with 5 x 10°
CFU of either 93/4286 or 93/4286QcssA strains, and bacterial viable counts were evaluated in
the spleen and liver of infected mice?> (Figure 2B). Following 48 h from the meningococcal
injection, the cssA-defective mutant was completely cleared in spleen and liver, while the animals
infected with wild type strain exhibited a persistent systemic infection framework. The mean
values of CFU after 48 h were indeed still 3.212 log CFU + 3.354 and 6.949 log CFU £ 1.37 in the
spleen and liver, respectively. The difference in bacterial loads in the liver tissue of two animal
groups was statistically significant (with a P<0.001).

FIGURE AND TABLE LEGENDS:

Figure 1: Survival of mice infected with 93/4286 wild type or cssA-defective N. meningitidis
strains. (A) Three groups of Balb/c mice (n= 6/dose) were infected i.cist. with 104, 10°, and 10°
CFU/mouse of the wild type strain 93/4286 and (B) with 107, 108, and 10° CFU/mouse of the
isogenic cssA-defective mutant. Mice were monitored for a week, and survival was recorded.
Results are expressed as percent survival at different doses over time, the log rank p value was <

0.05 for mice infected with the wild type strain. This figure has been modified from Colicchio et
al®.

Figure 2: Evaluation of bacterial loads over time in mice inoculated with the 93/4286 or
93/4286QcssA strains. (A) Time course of bacterial loads in the brain tissues following i.cist.
infection. Two groups of Balb/c mice (n=20/group) were infected by the i.cist. route with 5 x 10°
CFU of either the wild type strain 93/4286 or the cssA-defective mutant. Animals were sacrificed
4, 24, 48, and 72 h after infection. Brains were harvested, mechanically homogenized in GC
medium, and viable counts were determined. Results are expressed as mean 1SD log of CFU
numbers per organ at different time points after inoculation. Asterisks indicate statistical
significance (**, P<0.01). (B) Bacterial loads over time in spleen and liver. Two groups of Balb/c
mice (n=5/group) were infected i.cist. with 5x10° CFU of either the wild type strain 93/4286 or
the cssA-defective mutant. Animals were euthanized 48 h after infection. Spleens and livers were
harvested, mechanically homogenized, and viable counts were determined. Results are
expressed as log CFU numbers per organ. Horizontal bars indicate mean logs of bacterial titers.
Asterisks indicate statistical significance (***, P<0.001). This figure has been modified from
Colicchio et al?®>.

DISCUSSION:

In this study, we describe an experimental protocol to induce meningococcal meningitis in adult
mice by i.cist. inoculation of meningococcal bacteria. To our knowledge, no other model of
meningococcal meningitis has been developed in laboratory mice infected by i.cist. route; in the
past, this way has been explored to provide models of meningococcal meningitis in both rat3!
and rabbit32. It is well-known that the highest rate of meningococcal disease is found between

Page 9 of 6 revised November 2017



441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

young children, adolescents, and young adults333>; for this reason, in our meningitis mouse
model, instead of focusing on neonatal or infant animals, 8-week-old immunocompetent animals
were employed.

In our experimental model, we decided to use i.cist. inoculum as it ensures the releasing of the
meningococci directly into cisterna magna so facilitating bacterial replication in the CSF. This
route of inoculation is physiologically more accessible?® and less traumatic than the intracranial
subarachnoidal route, already used for the development of meningitis due to Streptococcus
spp.2%37. Although it does not represent the natural way of infection of meningococcus, the
injection of bacteria in this area was instrumental for the induction of meningococcal meningitis,
as shown by mouse survival, bacteria loads, clinical parameters, and also by histological
analysis?42%, Interestingly, reference strain 93/4286 induced meningitis with histopathologic
features mimicking those observed in human disease?*-2°.

To establish a standardized murine infection and to guarantee the safety of researchers, it was
preferred to start from a titrated frozen stock of bacteria rather than a fresh bacterial
growth?42>3938 ‘moreover, we decided to use a sub-lethal dose of live meningococci with the aim
to limit a rapid fatal outcome and permit the development of brain damage?242%. Nevertheless,
to determine an appropriate infectious dose for different strains, preliminary experiments must
be performed. In the present study, we tested a serogroup C reference strain 93/4286 and an
isogenic mutant strain 93/4286QcssA with a dose of 5 x 10°> CFU/ mice.

Although this model does not mimic the initial phases of colonization and invasion of
meningococcus, the bacterial isolate grows well not only in the CSF, but it is also able to remain
in the spleen and liver compartments. During the hypoferremic phase of neisserial infection,
most of heme-derived iron remains combined with liver ferritin. As ferritin can be used
meningococci to obtain iron3?, the liver constitutes a target organ for bacterial replication.

In this experimental procedure, the inbred Balb/c mouse strain was used in replacement of the
outbred CD-1 strain that was originally employed to develop the meningococcal meningitis
model®*. Outbred mice were characterized by a wide genetic variability that may be more
appropriate to reveal several effects in a variable cohort such as human population*®4!. However,
this variability needs a higher sample size to obtain sufficient statistical significance and may
interfere with the standardization of procedures and targeted studies.

Despite the narrow host range of meningococcus, to ensure the replication of bacteria in murine
host and enhance the virulence of meningococci, iron dextran was administered to animals
before the infection®4. Finally, compared to other experimental model of meningitis, animals
were not treated with any antibiotics, to not affect the course of disease and/or profile of the
inflammatory response?®.

To date, our studies have highlighted that the i.cist. model is functional to induce both meningitis
and invasive meningococcal disease compared to i.p. or i.n. models of infection, which are

characterized by the occurrence of sepsis and bacteremia before meningitis is established 07,
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Therefore, this infection model based on the induction of meningitis in murine host, could be
useful not only to evaluate innovative therapeutic strategy to prevent bacterial replication
directly into CSF but also to analyze the efficacy of possible passive immune therapy against
human pathogens.

However meningococcal infection is a multistep process, that includes nasopharynx colonization,
access to bloodstream, crossing of the blood brain barrier and finally uncontrolled proliferation
in the CSF, our model only reproduces some aspects of the meningococcal infection, in order to
subvert in part these limitations transgenic animal model may be useful to mimic the human
pathogenesis of meningococcal disease.
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any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author's Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Paola Salvatore
Department:

Department of Molecular Medicine and Medical Biotechnology, Naples, Italy.
nstitution: Federico Il University, Naples, Italy.
Title: Full Professor of Microbiology and Clinical Microbiology
Signature: %@Q&&;&Ofd’o\@ Date: 25/03/2019
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Rebuttal letter

editorial comments 19 July 2019.docx

Response to Editor Comment

Comment [A1]: Citation?
R. Now the citations were added in the text (Line 94).

Comment [A2]: Citation?
R. Now the citations were added in the text (Line 99).

Comment [A3]: Please ensure that the protocol describes all the steps needed to perform your
experiment and all specific details are included.

Also, please ensure that the protocol makes a cohesive story from one step to the next. Presently
there is a missing link from one subheading to the next.

R. We thank the Editor for the suggestion. The Protocol is now described in detail step by step and
all specific details are included (Line 135).

Comment [A4]: Reworded for clarity please check. Please use 1.1. as example and bring out clarity
throughout the protocol section.

R. The Title of section 1.1 has been modified for clarity: “Infection of mice with N. meningitidis
Serogroup C strain” (Line 150).

Comment [A5]: Do you snap freeze after this step? How long can you store the bacteria for good
results?

Comment [A6]: Please include a note stating that it is better to use fresh bacterial culture, but frozen
stocks were made because of to ease the experiment. Then please detail the reason in the
discussion section.

R. As indicated by the Editor, a note was added to indicate the use of frozen cultures, the storage
time and finally that it is better to use fresh bacterial culture, but frozen stocks were made because
of to ease the experiment (Lines 164-166).

Comment [A7]: Please include the reason of growing bacteria in iron dextran substrate.
R. A note was added to indicate the use of iron dextran in the preparation of the bacterial suspension
for the i.cist. inoculum (Lines 173-174).

Comment [A8]: Please include the volume.
R. Now the volume used for the preparation of the bacterial suspension has been reported (Line 170).

Comment [A9]: For how long? Also, please include how do you determine the CFU.
R. Now in the text the incubation time and the procedure for the assessment of viable CFU are
specified (Lines 177-179).

Comment [A10]: What is the CFU in this case?

R. The note has the aim to better explain the preparation of bacterial inoculum to test in the mice. It
is only an example. Furthermore, in our opinion this note is not appropriate in this protocol’s step.
The note refers to the preparation of bacterial dose for the bacterial suspension to inoculate by i.
cist. route. So, the note has been moved after the step 1.2.8 (Lines 227-234).

Comment [A11]: How much bacteria are injected per animal?
R. The number of bacteria injected in each murine host is established by the researcher on the basis
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of bacterial dose to be tested.

Is it based on the body weight?

R. No it is independent. Also, as reported above, this Note is not appropriate in this protocol’s step.
The note refers to the preparation of bacterial dose for the bacterial suspension to inoculate by i.
cist. route. So, the Note has been moved after the step 1.2.8.

Comment [A12]: Some of the steps have been moved around to bring out better clarity.
R. We thank the editor for the changes, to make the protocol clearer.

Comment [A13]: Please mention what should be the weight and temperature before the start of
the experiment. (Around 20 g and 37 degrees?).

R. As indicated by the Editor, a Note was added to indicate the weight and average body temperature
of mice in physiological conditions (Lines 202-203).

Comment [A14]: What is the solvent in this case?

R. Iron dextran is dissolved in Phosphate saline buffer (Lines 206-207).

What is the size of the needle and syringe used?

R. The size of the needle used has now been specified (25-gauge needle 0.5 x 16 mm) (Line 207).
Do you disinfect prior to injection?

R. For disinfection 70% Ethanol was used as reported (Line 205).

Any specific place of injection?

R. The intraperitoneal inoculum site has now been specified in the Note (Lines 210-211).

Comment [A15]: This is moved here to bring out clarity.
R. We agree with the Editor for this change (Lines 212-213).

Comment [A16]: This sentence is moved here to bring out clarity. Also, before this please include a
sentence stating that the syringe was loaded with the bacterial suspension first. What is the syringe
size? what is the bacterial count used in what volume?

R. The sentence was now corrected. The number of bacteria injected in each murine host is
established by the researcher on the basis of bacterial dose to be tested.

Comment [A17]: What is the CFU in this case?
R. The note has the aim to better explain the preparation of bacterial inoculum to test in the mice. It
is only an example.

Comment [A18]: How much bacteria are injected per animal?

R. The number of bacteria injected in each murine host is established by the researcher on the basis
of bacterial dose to be tested.

Is it based on the body weight?

R. No it’s independent.

Comment [A19]: Do you use iodine based scrub as well?
R. No, we use 70% Ethanol as reported (Line 236).

Comment [A20]: Injection area? Do you perform any surgery in this case?
R. We don't perform surgery, we perform the intracisternal injection with the help of the needle, as
described in detail in the note of 1.2.10 section (Lines 243-250).



Comment [A21]: What is the established CFU (Please provide a number) and how was this
established? Please list the steps for the same.

R. In the previous Note (lines 227-234) we describe the procedure to establish the CFU starting from
post thawing bacterial titer. The established CFU for the i.cist. inoculum depends to the bacterial
dose to be tested.

Comment [A22]: How is this identified/made?
R. The identification of the inoculation site was made by palpation and it was now described in detail
in the Note of 1.2.10 section (Lines 243-250).

Comment [A23]: We cannot have two notes following each other, the above note moved to the
section above.
R. As indicated now in the Manuscript there are not two consecutive Notes.

Comment [A24]: What is injected in case of control animals?
R. In the development of the infection model the control mice were inoculated only with GC broth
supplemented with iron dextran. See step 1.2.10 (Line 239).

Comment [A25]: Do you perform the animal survival and CFU count at this stage of the experiment
on different animals? If yes, then please approve the sentence added here. Else please include a
note to clarify step 1 and step 2 are different experiments.

R. As stated in the steps 2.1.1 and 2.2.1 the infection of mice by i.cist. route is essential for both
animal survival and evaluation of CFU counts in peripheral organs (that are two independent
experiments). Therefore, the step 1 represents the initial step for both experiments. So, the step 1
and step 2 cannot be considered as different experiments.

Comment [A26]: Only cervical dislocation cannot be used for euthanasia. Please include CO2
overdose as well.

R. Because our in vivo experimentation was entirely performed in laminar flow cabinet it is difficult
use CO2 overdose for the euthanasia. In addition, the euthanasia of mice was always humanly
performed after anesthetization followed by cervical dislocation.

Comment [A27]: Please include the number of days you perform your experiment for.
R. As suggested now the number of days was specified (Lines 279-280).

Comment [A28]: Do the mice die on its own or do you perform euthanasia on selected group?
Comment [A29]: Please include the chosen time point in your case and why this was chosen. E.g.
The chosen time point in our case was......

R. The survival assay is based on recording the survival of animals infected with different doses in
order to identify the lethal dose for 50% of animals (LD50) for a selected strain. However, for clarity
the sentence was rewritten (Lines 291-292).

Comment [A30]: Also, not clear why is anesthetization performed followed by the euthanasia? If
this just describes the end point, please reword as: After one week, euthanized all the mice ......

R. For clarity, the sentence was rewritten and a note was added to section 2.1.5 (Lines 287-288).

Comment [A31]: Please include the dose used in your experiment.



R. Now the dose used was added, 2.2.1 section (Line 302).

Comment [A32]: Again, please provide the time point established in your case.
R. Now, the time point was added in the sentence (Line 305).

Comment [A33]: Do you place this on ice?

R. It is not necessary, after the homogenization of the sample, the tube with the homogenized
biological sample was immediately placed on dry ice. Now the procedure has been inserted in the
text (Line 326).

Comment [A34]: Brian dissection can be included at this stage itself, since you are only dissecting
spleen and liver here. If using different mouse for both dissections, please include a note stating
why the same mouse cannot be used.

R. The evaluation of CFU counts in peripheral organ and the evaluation of CFU counts in the brain
tissue are two independent experiments, where the counts in peripheral organs were evaluated in a
single time: 48 hours post infection; whereas the evaluation of CFU counts in the brain tissue has
been performed in a time course (4, 24, 48, 72 hours post-infection), as reported in Figure 2A. So,
the brain dissection cannot be mentioned at this point of the protocol.

Comment [A35]: Do you wash before homogenization?

R. No we don’t wash.

Do you perform this step at room temperature or on ice?

R. We perform this step at room temperature and now it is indicated in the text (Line 330).

Comment [A36]: Don’t you perform a serial dilution in this case?
R. Yes, we perform a serial dilution, now it is specified in the text (Line 341).

Comment [A37]: Please include the calculation of how to perform the CFU count.
R. After an over night incubation of GC agar plated, it is possible to observe the growth of colonies
that is possible to count with naked eyes. This is a well standardized method.

Comment [A38]: This section can be merged with the section above from step 7-14.

R. In our opinion, the evaluation of CFU counts in the brain tissue is an independent experiment from
the evaluation of CFU counts in the peripheral organs, so it is reasonable reports this step in a
separate section.

Comment [A39]: The control mentioned in the protocol is GC broth, however in the result data for
isogenic mutant is presented. Please include a note stating that the reference strain and its isogenic
mutant is used for the experiment.

R. In the step 1.2.10 now was reported the use of wild type and isogenic mutant strain for the in vivo
infection.

Comment [A40]: Presently the discussion is majorly the repetition of the results. Please revise the
discussion to focus on the protocol explicitly covering the following in detail in 3-6 paragraphs with
citations:

a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique



d) The significance with respect to existing methods
e) Any future applications of the technique
R. All the indications provided by the Editor was now added.

Comment [A41]: No data for this is shown in the manuscript. Please include a citation or tone down
the claims.
R. The citations were now included in the text (Line 470).

Comment [A42]: Not shown in the manuscript.
R. Citations related to these experiments have now been included in the text (Line 472).



Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,

7/12/2019 Rightslink® jeCopigiictGeatndereaasned_Ocedd.pdf
Copyright (T
’ . PYTS Create i
f“ Clearance Account
@ Center
Title: Virulence Traits of a Serogroup LOGIN

C Meningococcus and Isogenic

; : If you're a co ight.com
cssA Mutant, Defective in your pyrig

user, you can login to
AMERICAN Surface-Exposed Sialic Acid, in a |RightsLink using your
SOCIETY FOR Murine Model of Meningitis copyright.com credentials.
MICROBIOLOGY Author: Roberta Colicchio,Chiara Already a RightsLink user or

want to learn more?

Pagliuca,Susanna Ricci,Elena
Scaglione,Denis
Grandgirard, Ilias
Masouris,Fabrizio
Farina,Caterina
Pagliarulo,Giuseppe
Mantova,Laura
Paragliola,Stephen L. Leib,Uwe
Koedel,Gianni Pozzi,Pietro
Alifano,Paola Salvatore

Publication: Infection and Immunity

Publisher: American Society for
Microbiology

Date: Mar 25, 2019
Copyright © 2019, American Society for Microbiology

Permissions Request

Authors in ASM journals retain the right to republish discrete portions of his/her article in any other
publication (including print, CD-ROM, and other electronic formats) of which he or she is author or
editor, provided that proper credit is given to the original ASM publication. ASM authors also retain
the right to reuse the full article in his/her dissertation or thesis. For a full list of author rights, please
see: http://journals.asm.org/site/misc/ASM Author Statement.xhtml

BACK CLOSE WINDOW

Copyright © 2019 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. Terms and Conditions.
Comments? We would like to hear from you. E-mail us at customercare@copyright.com

https://s100.copyright.com/AppDispatchServlet#formTop

7

L]


https://www.editorialmanager.com/jove/download.aspx?id=1086950&guid=63bba972-8e7e-4c11-b84f-f2bcbdce06e4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1086950&guid=63bba972-8e7e-4c11-b84f-f2bcbdce06e4&scheme=1

