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Abstract

In solid organ transplant (SOT) recipients, Strepto-
coccus pneumoniae can cause substantial morbidity
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and mortality ranging from non-invasive to invasive
diseases, including pneumonia, bacteremia, and
meningitis, with a risk of invasive pneumococcal disease
12 times higher than that observed in non-immun-
ocompromised patients. Moreover, pneumococcal
infection has been related to graft dysfunction. Several
factors have been involved in the risk of pneumococcal
disease in SOT recipients, such as type of transplant,
time since transplantation, influenza activity, and
nasopharyngeal colonization. Pneumococcal vaccination
is recommended for all SOT recipients with 23-valent
pneumococcal polysaccharides vaccine. Although
immunological rate response is appropriate, it is lower
than in the rest of the population, decreases with time,
and its clinical efficacy is variable. Booster strategy
with 7-valent pneumococcal conjugate vaccine has not
shown benefit in this population. Despite its relevance,
there are few studies focused on invasive pneumococcal
disease in SOT recipients. Further studies addressing
clinical, microbiological, and epidemiological data of
pneumococcal disease in the transplant setting as well
as new strategies for improving the protection of SOT
recipients are warranted.

Key words: Transplantation; Pneumococcal infections;
Pneumococcal serotypes; Nasopharyngeal carriage;
Pneumococcal vaccine

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Streptococcus pneumoniae causes substantial
morbidity and mortality in solid organ transplant (SOT)
recipients, ranging from non-invasive to invasive
diseases, with a 12-fold risk of invasive pneumococcal
disease higher than in non-immunocompromised
patients. Pneumococcal vaccination is recommended
for all SOT recipients with 23-valent pneumococcal
polysaccharides vaccine. Although immunological rate
response is appropriate, it is lower than in the rest of
the population, decreases with time, and its clinical
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efficacy is variable. Booster strategy with 7-valent
pneumococcal conjugate vaccine has not shown
benefit in this population. Despite its relevance, robust
evidence on pneumococcal disease in organ transplant
recipients is lacking. New strategies for improving the
protection of SOT recipients are warranted.

Roca-Oporto C, Pachoén-Ibaniez ME, Pachon J, Cordero E.
Pneumococcal disease in adult solid organ transplantation
recipients. World J Clin Infect Dis 2015; 5(1): 1-10 Available
from: URL: http://www.wjgnet.com/2220-3176/full/v5/i1/1.htm
DOIL: http://dx.doi.org/10.5495/wjcid.v5.11.1

INCIDENCE

Streptococcus pneumoniae (S. pneumoniae) is the
cause of 3300 deaths every year in the United States,
mainly among adults™!. According to the United
States Active Bacterial Core Surveillance Database of
the Emerging Infections Program Network, in 2012
the incidence of invasive pneumococcal disease (IPD)
ranged from 2.8 per 100000 persons aged 18-34
years to 29.6 per 100000 among those older than 65
years!'). In the 2013 Annual Epidemiological Report
of the European Centers for Disease Prevention and
Control (ECDC) the incidence of IPD in Europe was
even higher: 3.8 per 100000 persons per year™.
Invasive pneumococcal disease is an important
cause of illness in patients with certain underlying
medical conditions' or demographic risk factors,
including age < 2 or = 65 years, chronic diseases,
alcohol abuse, smoking, and immunosuppressive
conditions such as human immunodeficiency virus
(HIV) infection', multiple myeloma, or solid organ
transplantation (SOT)"'%. The disease rates for
adults with high-risk factors can be more than 20
times that those for adults without high-risk medical
conditions. Middle-aged patients with hematological
cancer have a rate of IPD of 186 per 100000 persons
per year during 2010 and HIV infected patients have
a rate of IPD of 173 per 100000 persons per year'!.

In solid organ transplant recipients, S. pneumo-
niae can cause substantial morbidity and mortality,
ranging from no invasive diseases such as otitis
media, sinusitis, and non-bacteremic pneumonia to
invasive diseases, including bacteremic pneumonia
and meningitis”®’. Data from the literature on SOT
recipients are referred almost exclusively to the
most severe spectrum of disease. Invasive pneu-
mococcal disease is defined as an isolation of S.
pneumoniae from a sterile body fluid with a com-
patible clinical syndrome!?, Sterile sites included
blood, cerebrospinal fluid, peritoneal fluid, pleural
fluid, or needle aspiration of a collection. Sputum or
bronchoalveolar lavage isolates are not considered
sterile-site isolates in some studies™!. The risk of
developing invasive pneumococcal disease in these
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patients has been estimated in studies carried out
in the 70s™, 80s™!, and 90s*® to be 2800 per
100000 patient-years in a cohort of kidney transplant
recipients™, 3600 per 100000 patient-years in
heart transplant recipients'*, and 2270 per 100000
patient-years in lung transplant recipients'®!. The
first two studies were conducted in the pre-vaccine
era, justifying higher incidence rates, while in the
latter all lung transplant recipients had received
pneumococcal vaccine before transplantation.
Moreover, in one of the studies most of the kidney
recipients were splenectomized, due to the belief
at that time that such procedure prolonged graft
survival, thus increasing expected IPD cases''*.
However, it is difficult to compare the findings
of these different studies, due to the disparity of
vaccination rates, types of organ transplantation, and
immunosuppression protocols according to the time
when the studies were carried out. A recent study
prospectively determined the incidence of IPD in a
population of adult SOT recipients over a period of
almost 10 years, with an incidence of 146 per 100000
persons per year, 12.8 times greater than that in the
general population. Specific incidences for kidney,
lung, and liver transplant recipients were 104, 239,
and 354 per 100000 transplant recipients per year,
respectively, compared to 11.5 cases per 100000
person-years in the general population. Interestingly,
there were no cases of IPD in heart and pancreas
transplant recipients’.

Non-bacteremic pneumococcal pneumonia is the
most relevant non-IPD among SOT recipients, due
to its morbidity and mortality. S. pneumoniae is the
second or third leading cause of late community-
acquired pneumonia in solid organ transplant-
ation””*!1, As in other infections, pneumococcal
pneumonia incidence depends on the type of SOT,
being more frequent in lung transplant recipients
(3262 per 100000 persons-year) followed by kidney
(344 per 100000 persons-year) and liver recipients
(304 per 100000 persons-year),

RISK FACTORS OF PNEUMOCOCCAL
DISEASE

Several risk factors of pneumococcal disease in
SOT recipients have been described. The type of
organ transplanted is one of the most important, as
previously stated. Liver transplant recipients have an
increased risk of IPD, while lung recipients have the
highest rates of pneumococcal pneumonia, followed
by heart and kidney recipientst®**?4,

Time since transplantation is another factor to be
considered. The median time since transplantation
to the onset of pneumococcal infection is 1.3 to
2.7 years®'®?" Although Amber et al'*¥, in a study
carried out in 5 heart recipients, found that the
median time for IPD was 58 d (range 1-5 mo), in
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most of the studies pneumococcal disease occurs
after the first 4 to 6 mo from the transplantation®'®.
In a prospective multicenter study carried out in
Canada, 57% of the cases were diagnosed during
the first three years since transplantation, while one
fifth of them occurred after the first 10 years of the
transplant™.

Although the sizes of most of the studies publishes
are underpowered to establish statistical associations,
the type of immunosuppressors has not been related
to an increased risk of pneumococcal disease!®**®,
Neither has been found an increased risk of hospital
mortality in patients with classic risk factors in the
general population, as age, diabetes mellitus, chronic
renal disease, or splenectomy'. Probably, the small
number of the studies in the literature in this group of
immunosuppressed patients and their heterogeneity
do not allow drawing appropriate conclusions.

The role of universal prophylaxis with trimethoprim-
sulfamethoxazole (TMP/SMX) in the prevention of
pneumococcal disease in SOT recipients has not
been established. Use of TMP/SMX prophylaxis at
the moment of pneumococcal disease diagnosis is
common among SOT recipients, with a frequency that
ranges from 14% to 100% of the cases. However, the
rate of TMP/SMX resistant isolates in these patients is
high (66% to 71%)™'. This high rate of resistance
to TMP/SMX invalidates this measure to prevent
pneumococcal disease.

Nasopharyngeal colonization is a preliminary step
in the development of pneumococcal disease, with
transmission only coming from other human carr-
iers'”?. Pneumococcal colonization has been mainly
studied in children, as the highest rates of colonization
are found during childhood. As children grow older,
the prevalence of pneumococcal carriage decreases,
and the distribution of colonizing serotypes changes.
With the introduction of the 7-valent pneumococcal
conjugate vaccine (PCV7) the colonization rate in
children has been reduced from 50%-70%"**° to
21%-33% in the United States and Europe3%,
Pneumococcal colonization studies carried out in
children have increased the knowledge about the
rate of colonization, the circulating serotypes, the
serotypes (mostly encapsulated) related to invasive
disease, the expected pattern of resistance and,
specially, the effectiveness of the recently introduced
new pneumococcal vaccines, offering a better
understanding of the pneumococcal disease in the
children population®*%,

There are very few data regarding S. pneumoniae
nasopharyngeal carriage in healthy adults, showing
colonization rates of 4%-13%">**, depending on the
geographic area of the population studied™®>>?%3537,
and the presence of underlying diseases. Patients with
asthma, mainly treated with inhaled corticosteroids,
have a higher risk of S. pneumoniae colonization than
the healthy population™®***%, In immunosuppressed
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patients, the information available is scarce. In HIV-
infected adults, the frequency of pneumococcal
colonization ranges from 3.4% in United States,
to 17% in Brazil and 52% in Malawi®****! No
information of pneumococcal colonization in SOT
recipients is available.

Influenza activity has been associated with
significant increases in the incidence of invasive
pneumococcal pneumonia, both in children and adu-
Its. The association was more pronounced among
younger adults without co-morbidities!**.. In non-
immunocompromised patients, influenza is ass-
ociated with the greatest increase in the incidence
of bacteremic pneumococcal pneumonia caused
by serotypes with lower invasive potential. The
importance of influenza for adult bacteremic pneu-
mococcal pneumonia varies by serotype and host
co-morbidity™*. Although there are no studies
that address the impact of influenza activity in
the incidence of IPD in the transplant setting, it is
plausible that there might be a relationship between
both diseases.

One of the most important virulence factors
of S. pneumoniae is the polysaccharide capsule.
Chemical and antigenic differences in this capsule
result in more than 90 different capsular types
or serotypes, 20 of which cause the majority of
invasive disease!**®, According to the results
of a meta-analysis of adults with pneumococcal
bacteremic pneumonia, the risk of death varies with
the serotype and is stable among studies across
time and in diverse geographic locations. Patients
with pneumonia caused by serotypes 3, 6A, 6B, 9N,
and 19F died more frequently than those caused
by serotype 14. In contrast, patients infected with
serotypes 1, 7F, and 8 were significantly less likely
to die than those infected with serotype 14%Y. In a
study carried out in Spain, during 2012, the most
frequent serotypes linked to IPD in the general
population were 1, 3, 7F, 19A, 12F, 14, 22F, 24F, 8,
9A, 4, 10A, and 11A"®, In Europe, in adults older 15
years old, the ten most common serotypes of IPD in
2011 ordered by frequency were 7F, 19A, 3, 1, 22F,
8, 14, 12F, 6C and 4, accounting for 61.5% of the
typed isolates',

In SOT recipients, serotypes distribution in
invasive pneumococcal disease is slightly different
from general population. Kumar et al*” reported that
the most frequent serotypes in 21 cases of recent
cases of IPD were 23F (4/21, 19%), 22F (3/21,
14.2%) and 19F (2/21, 9.5%), followed by at least
one case of 4, 6A, 6B, 8, 9V, 11, 13, 14, 18C and 35V.
De Bruyn et al'*® also reported serotype 23F as the
most frequent in the IPD occurring in lung transplant
recipients (27.2%), followed by 19A (18.1%), 6A/B
(18.1%), and at least one case of 3, 4 and 9V. In
these more recent studies, serotype of dead patients
because of IPD was not specified.
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Table 1 Outcome of invasive pneumococcal disease in solid organ transplantation recipients

Ref. n Inclusion Organ Time since transplant Type of IPD Prior Most frequent Graft Mortality
period median (range) vaccination isolated serotypes dysfunction/loss
Linnemann 12 1971-1977 Kidney No data Pneumonia: 83%  No 8,9,12,24 75% /22.2% 8.30%
et al™ Bacteremia: 41% (1/12)
Meningitis: 16%
Amberetal™ 5 1985-1987 Heart 0.15yr (1.2-44mo)  Pneumonia: 80% No 3 20%/Nodata 0%
Bacteremia: 20%
de Bruynetal"® 14 1992-2003 Lung 1.3 yr (9.6 mo-23yr) Pneumonia:78%  100% 23F, 194, 6 No data 7.10%
Bacteremia: 21% (1/14)
Kumar ef al'” 21 1995-2004 Kidney:11 2.7 yr (1.3 mo-23.8 yr) Pneumonia: 57%  23.80% 23F, 22F, 19F No data 28.60%
Liver: 9 Bacteremia: 33% (6/21)
Lung: 1 Peritonitis: 5%

Parotitis: 5%

IPD: Invasive pneumococcal disease.

CLINICAL MANIFESTATIONS

The clinical features of invasive pneumococcal disease
in SOT recipients are similar to those of the general
population. Bacteremic pneumococcal pneumonia is
the most frequent manifestation followed by primary
bacteremia and meningitis”'**®, Kumar et a/”’
reported an incidence of 90.5% cases of bacteremia
(19/21), 57.1% cases of pneumonia (12/21), and
33.3% cases of primary bacteremia (7/21), with
no cases of meningitis. These proportions were
similar to those described by de Bruyn et al'*® and
Linnemann et ai™¥, reported 83.3% of pneumonia,
41.6% of bacteremia and 16.6% of meningitis in
kidney recipients during the 80s. In the general
population in United States, the frequency of
bacteremic pneumonia is 69.1%, primary bacteremia
16.8% and meningitis 7%'"!. By contrast, in the
European general population, there is a lower
rate of bacteremic pneumonia (48%), with higher
rate of primary bacteremia (29%), and meningitis
(18%)"?. Other rare manifestations of IPD has been
previously described in case reports or case series
of SOT recipients, including peritonitis or parotitis®;
endocarditis, spondylitis, and muscle abscess!*’};
and necrotizing fasciitis™*®. Despite its low frequency,
reports of sporadic cases highlight an important
clinical aspect: S. pneumoniae may cause suppurate
infection in virtually any anatomic location, with or
without prior detected bacteremia.

IMPACT ON PATIENT AND GRAFT
SURVIVAL

than that reported in most of the studies carried
out in general populations, where the mortality due
to pneumococcal bacteremia ranges from 12% to
17%%%%,

Length of hospitalization is also higher in SOT
recipients (16.2 d vs 11.6 d), probably related to
long antibiotics course and complications™'**?, de
Bruyn et al"™® reported more severe complications,
requiring mechanical ventilation, in the group of
lung transplant recipients who developed bacteremic
pneumococcal pneumonia compared with those with
non-bacteremic pneumococcal pneumonia. Allograft
dysfunction has been associated to pneumococcal
infection, as observed with other infections in SOT
recipients”". Linnemann et a/™ described a rate of
allograft dysfunction in renal transplant recipients
with IPD as high as 75% (9/12), with a 22% of
cases presenting definitive graft loss (2/9). Amber
et al™™! also reported a 20% (1/5) of allograft
dysfunction after IPD, in addition to two cases of
graft dysfunction treated with increased immun-
osuppression and complicated with IPD within 20 d.
However, graft dysfunction has not been analyzed in
the most recent studies of IPD in SOT recipients™'®.
Therefore, data available of graft dysfunction are
referred exclusively to older studies carried out in
heart and kidney transplant recipients and on a
small number of patients (Table 1). New prospective
studies are required to confirm these data and to
analyze the risk of rejection and graft dysfunction in
SOT recipients after an episode of IPD.

VACCINATION

Invasive pneumococcal disease results in significant
morbidity and mortality. Kumar et a/ reported an
in-hospital mortality due to IPD in SOT recipients
of 28.6% (6/21), 66.7% (4/6) of them directly
attributable to pneumococcal infection. Although
they did not find statistically differences of mortality
among SOT recipients and non-immunosuppressed
patients (28.6% vs 17.8%), this mortality is higher
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Knowledge of the most invasive serotypes allowed
the development of the first pneumococcal vaccine.
In 1983, a 23-valent pneumococcal polysaccharide
vaccine (PPV23) was approved, expanding serotype
coverage to more than 85% of the organisms
causing IPD™?, This vaccine induces a humoral
immune response through the production of specific
antibodies, but do not prompt immunological
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memory. This aspect, added to the fact that PPV23
induced poor T-cell-independent immunogenicity
in infants led to development of the pneumococcal
conjugate vaccine®?, The pneumococcal conjugate
vaccine consists of capsular polysaccharides from
the most common serotypes that cause IPD along
with a carrier protein, and induce a T-cell-dependent
immune response, so that they are able to produce
immunological memory and greater immunogenic
response than that produced by the PPV23[3,
Another advantage of pneumococcal conjugate
vaccine is that stimulates mucosal immunity, resul-
ting in decreased naso-pharynx colonization and
also exhibits secondary protection of unvaccinated
individuals. Pneumococcal conjugate vaccine (PCV)
was initially approved in children less than two years
while PPV23 was recommended for children over two
years, adults and immunocompromised patients,
including SOT recipients.

The first PCV7 was licensed in the United States in
2000 and introduced in Europe in 2001. This vaccine
included capsular polysaccharides of serotypes 4, 6B,
9V, 14, 18C, 19F, and 23F, representing approximately
80%-90% of IPD in children. With serotype shifts
resulting from vaccine pressure, the protective
coverage of PCV7 was reduced, as this vaccine did
not include serotypes 1, 3, and 5, which are common
in Europe, Asia, and Africa. Therefore, a 13-valent
conjugate vaccine (PCV13) including serotypes 1, 3, 5,
6A, 7F, and 19A, was licensed in 2009 in Europe. In
2010, the theoretical vaccine preventable proportion
of cases using PCV7, PCV10 and PCV13 in children
under five years was 19.2%, 46.1% and 73.1%
respectively™?,

The use of pneumococcal vaccination determined
a reduction in the number of cases of invasive and
non-invasive pneumococcal disease in children and
adults. Several randomized trials and meta-analyses
concluded that PPV23 prevents pneumococcal disease
in adult population™ %, Other studies suggest that
PPV23 protects against invasive infection but not
from non bacteremic pneumococcal pneumonia®="
and it did not affect survival®. However, in most of
these studies the etiology of community-acquired
pneumonia was not confirmed, assuming the
expected higher frequency of pneumococcal etiology.
In general, studies with more specific endpoints as
IPD caused by vaccine serotypes have been more
likely to demonstrate efficacy than studies with less
specific ones.

In immunosuppressed population, data are scarce
and heterogeneous. In SOT recipients, vaccine
efficacy is derived from studies conducted mostly
in kidney transplant recipients®®® (Table 2), with
less information available in heart™>®%*”! and liver
transplant recipients® (Table 3). Moreover, most
studies of vaccination in SOT were performed with
the old 14-serotypes polysaccharide vaccine (previous
to the introduction of the PPV23 in 1980s) and with
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different methods for detecting immunity, such as
radioimmunoassay. Nevertheless, practically all
studies agrees that pneumococcal vaccine in SOT
recipients is effective, but the immune response is
weaker than in healthy controls and that there is
a greater loss of antibodies over time, especially
in the first months after the transplant(®®®26+%%,
Studies carried out in SOT recipients with the
PPV23 vaccine yield similar conclusions!®®®7%;
there was an adequate post-vaccine response
but the antibody titers decreased from the sixth
month after vaccination'®’®, This decrease in the
geometric mean titer of antibodies also occurs after
the naturally acquired pneumococcal immunity after
transplantation'™!. Interestingly, Blumberg et a/®”
evaluated the impact of prior antibody titers and its
relationship with the elicited immune response. In
this study, patients with previous antibody titers,
although low, obtained better post-vaccine titers
after receiving a second vaccine dose (Tables 2
and 3). It is important to emphasize that in all the
studies regarding pneumococcal vaccination in SOT
recipients, the vaccine was safe, regardless of its
effectiveness.

Globally, the knowledge gained from the use of
the polysaccharide vaccine in adults reveals that new
vaccine strategies are needed to increase vaccine
efficacy, especially in vulnerable populations, such
as the elderly and immunocompromised patients.
In this sense, testing the hypothetical usefulness of
the conjugate vaccine (typically used in children) in
adult population was performed, supported by the
previously discussed benefits. A single study carried
out in HIV-infected patients, most of them without
antiretroviral therapy, reported protection against
pneumococcal disease with PCV7, but not with the
polysaccharide vaccine.

Based on these observations, in 2012, the
Advisory Committee on Immunization Practices (ACIP)
recommended routine PCV13 use for adults aged
= 19 years with immune compromise conditions,
including SOT recipients, functional or anatomic
asplenia, cerebrospinal fluid leaks, or cochlear
implants. This vaccine should be administered
to eligible adults but in addition to PPV23, the
vaccine currently recommended for these groups
of adults”*’?! and SOT recipients, specifically!>”*.
This strategy appears to be a cost-effective vaccine
policy".

However, according to the 2013 ECDC surveillance
report, the emergence of non-vaccine serotypes
remains an important issue, and continued moni-
toring in Europe is essential for assessing inter-
ventions and informing the development of new
vaccines. This might be especially relevant in the
transplant setting. Immunosuppressed patients
can have a different serotype distribution than the
general population. In a recent study, carried out
in Spain, serotypes not included in the PCV13 and
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Table 2 Pneumococcal vaccination studies in kidney transplantation in adult recipients

Ref. N Time since Vaccine Technique Response to immunization Long term immune response
transplant

Silberman et 27 KT vs 24 healthy ~ 7-108 mo 14-valent Indirect 4-fold increase in titers, equivalent to  Not studied

al™ adults hemagglutination controls

Marrie et al*” 63 KT vs 8 healthy 3-99mo  14-valent RIA 2.8-fold increase in titers in KT vs GMT in KT:

adults 3.4-fold in controls 872 ng N/mL post-vaccine
659 ng N/mL at 12 mo

Cosio et al®! 25 KT (14 asplenia) vs 3-118 mo  14-valent RIA 2-fold increase in titers in 93% Not studied

14 healthy adults

Linneman et No data  14-valent RIA

2162631

104 KT (79 asplenia)
vs 33 patients in
hemodialysis

Arnold et al®! 75 KT (32 asplenia) vs >12mo  14-valent

60 healthy controls antibody

Rytel et al'™ 61 KT (57 asplenia) vs > 6 mo 14-valent RIA
23 patients in dialysis
vs 9 healthy controls
Kazancioglu 21 KT vs 25 healthy ~ >2mo PPV23 ELISA
et al'® controls
Kumar et 30KT (PPV23) vs30 3 mo-3yr PPV23wvs ELISA, OPA
al”” KT (PCV7) PCV7

Serum opsonizing

of 14 healthy adults vs 78% of 14
splenectomized KT and 55% of 11 non-
splenectomized KT patients

1.4-fold increase in antibody titers: GMT at 24 mo in 33 KT:
91%GMT post-vaccine with lower 932 ng N/mL post-vaccine
response in splenectomized KT vs 385 ng N/mL at 24 mo

non-splenectomized KT patients (394
vs 626 ng N/mL, P < 0.05)
GMT post-vaccine with lower response

536 ng N/mL at revaccination

in KT patients before 6 mo after
transplant vs hemodialysis patients
(303 vs 592 ng N/mL, P < 0.05)
2-fold increase in titers to serotypes
12F and 14

No differences in splenectomized vs

Not studied

non-splenectomized KT recipients
Equivalent protective GMT titersvs ~ Equivalent at 1, 2, and 3.5 yr
controls vs controls
Protective response to vaccination Not studied
(40% increases in the antibody
concentration) in 95.2% of KT at 1.5
and 3 mo after vaccination
Response to at least 1 serotype: no Vaccine responses decline
significant differences in antibody
titers between PPV23 and PVC7, both
using ELISA (53.3% vs 73.3%) and

OPA (83.3% vs 80%)

significantly after 3 yr and
conjugate vaccine does not
improve the durability of
response

KT: Kidney transplantation; PPV23: 23-valent pneumococcal polysaccharide vaccine; PCV7: 7-valent pneumococcal conjugate vaccine; RIA:
Radioimmunoassay; ELISA: Enzyme-Linked ImmunoSorbent Assay; OPA: Opsonophagocytic assay; GMT: Geometric Mean Titer.

PPV23 formulations were more frequently isolated
in patients with IPD and cardio-respiratory co-
morbidities or immunosuppression, including SOT
recipients. Indeed, three serotypes (10A, 11A, and
33F), not included in the PCV13 formulation, were
the most frequently isolated in immunocompromised
patients with IPD, although their prevalence in the
complete cohort was low!™. According to Kumar et
al®!, only 23.8% of the SOT recipients with IPD had
been previously vaccinated with PPV23. In this study,
65% of transplant recipients had disease due to
pneumococcus serotypes included in the PCV13 and
85% of them had disease due to serotypes included
in the PPV23¥,

Clinical failure of pneumococcal vaccine is
common in the transplant setting. Thus, 24% to
100% of the SOT recipients with pneumococcal
disease had being vaccinated'®. One possible
explanation could be the different pneumococcal
serotypes distribution observed in the transplant
setting and the proportion of serotypes not included
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in the pneumococcal vaccine. Other aspect to
consider is the reduction in the effectiveness of pre-
transplant pneumococcal vaccine in the context
of end-organ disease previous to the transplant,
as kidney, liver or heart disease, and in the post-
transplant due to the use of immunosuppressors
necessary to prevent graft rejection, as observed
in a study, where all SOT recipients with IPD
had received the PPV23 vaccination with all the
serotypes producing pneumococcal disease covered
by the vaccine!*®!. The required post-transplant
immunosuppression may cause progressive decrease
of the levels of antibody previously achieved, like
other immunizations in SOT recipients, as influ-
enza®,

New strategies have been proposed to enhance
the immunogenic response and clinical efficacy
obtained by PPV23 in SOT recipients, which include
revaccination, use of pneumococcal conjugate
vaccine, or “booster” strategy. Revaccination with
polysaccharide antigens does not elicit a suitable

February 25, 2015 | Volume 5 | Issuel |



Roca-Oporto C et a/. Pneumococcal disease in transplantation

Table 3 Pneumococcal vaccination studies in heart and liver transplantation in adult recipients

Ref. n Type and time Vaccine Technique Response to immunization Long term immune
since transplant response
McCash- 25 LT vs 13 healthy controls LT PPV23  ELISA Pneumococcal antibody levels At 6th mo: antibody
land et 1-6mo were significantly increased over levels declined faster in
al baseline by 1 mo after vaccination patients than in control
in both groups subjects
Amber et 6 HT before and after transplantation ~ HT Unva- RIA Protective antibody titers to 12 Not studied
al™ 0.6 - 5.3 mo ccinated pneumococcal serotypes contained
in PPV23 in a mean of 8.7+ 1.2
serotypes before transplantation
vs 6.5 + 1.4 serotypes after
transplantation (P < 0.05)
Dengler 16 HT vs 23 healthy controls HT PPV23  ELISA Protective post-vaccine antibody ~ Not studied
et al® >12 mo titers (> 1000 U/mL): 94% in HT
recipients vs 100% in controls
Blumberg 35 HT vs 35 healthy controls. HT PPV23  ELISA Post-vaccine antibody titers were Detectable antibody
et Group 2 (n = 21), vaccinated before this 55 - 122 mo higher in group 2 than in group 1 titers at 24 mo (only 7

study

The HT patients were classified as:
Group 1 (n = 11), no vaccinated before
this study

No data about previous vaccine (1 = 2)

for all pneumococcal serotypes (P
< 0.05 for all serotypes, except 3)

available patients) in 50%
to serotypes 19F and 23F
and in 80% to serotype 3

LT: Liver transplantation; HT: Heart transplantation; PPV23: 23-valent pneumococcal polysaccharide vaccine; ELISA: Enzyme-Linked ImmunoSorbent

Assay; RIA: Radioimmunoassay.

memory response in healthy people!’”! and kidney

recipients respond less vigorously to revaccination
than to primary immunization'™. Trials comparing
PCV7 with PPV23 in renal transplant recipients
have not succeeded in achieving differences in
immunogenicity between these vaccines!”®”?],
Furthermore, the recommendation made by the ACIP
of a prime-boost strategy (PCV13 followed by PPV23
8 wk later) in adult > 50 years old and in immun-
ocompromised patients has been evaluated in SOT
recipients with unfavorable results. Kumar et a/*®™,
randomized 130 adult liver transplant recipients to
receive either PCV7 followed by a PPV23 booster 8
wk later (the “primed” group) or placebo followed
by a standard single dose of PPV23 (the “unprimed”
group, as usual practice). There was no difference
in immune response between the two groups More
recently, Tobudic et a/®" randomized 80 kidney
transplants recipients to received either PCV7 or
PPV23 followed by PPV23 the following year. There
was no benefit in either of the sequential regimens
when compared with single-dose PPV23 vaccination
as recommended by the guidelines.

CONCLUSION

S. pneumoniae can cause substantial morbidity
and mortality in SOT recipients, ranging from non-
invasive to invasive diseases, including bacteremic
pneumonia and meningitis, with a 12-fold risk of IPD
higher than in non-immunocompromised patients.
Despite its relevance, there are few studies focused
on IPD in SOT recipients. Pneumococcal vaccination
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is recommended for all SOT recipients with PPV23.
Although immunological rate response is appropriate,
it is lower than that in the rest of the population,
decreases with time, and its clinical efficacy is
variable. Booster strategy with PCV7 has not shown
benefit in this population. Further studies addressing
clinical, microbiological, and epidemiological data of
pneumococcal disease in the transplant setting as
well as new strategies for improving the protection
of SOT recipients are warranted.
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Abstract

Filariasis is a common health problem in tropical
and subtropical regions including India. It commonly
presents with lymphatic involvement in form of
nonpitting pedal edema, chylous ascites, chyluria,
hydrocele and lymphocele. Detection of microfilaria
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in ascitic fluid is an extremely uncommon finding. We
present a case of non chylous ascites where microfilaria
were detected in the ascitic fluid.

Key words: Microfilaria; Postpartum ascites; Non chylous
ascites

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report a rare case of postpartum ascites
caused by filarial infection. There are only a few case
reports where microfilaria were detected in ascitic fluid;
among these, non chylous ascitis is even rarer.

Shah KS, Bhate PA, Solanke D, Pandey V, Ingle MA, Kane
SV, Sawant P. Non chylous filarial ascites: A rare case report.
World J Clin Infect Dis 2015; 5(1): 11-13 Available from: URL:
http://www.wjgnet.com/2220-3176/full/v5/i1/11.htm DOI: http://
dx.doi.org/10.5495/wjcid.v5.i1.11

INTRODUCTION

Filarial infection is common in various Asian and
African countries. It presents with various manifest-
ations like ascites, pleural effusion and pedal edema;
it may even be asymptomatic. We present an
interesting and rare case of filariasis in ascitic fluid in
postpartum female.

CASE REPORT

A 26 years old female residing in Uttar Pradesh,
India, who was 2 mo postpartum, presented with
chief complaints of abdominal pain and vomiting
since 1 mo and abdominal distention since 15 d.
The pain was in periumbilical, non radiating, dull,
mild and continuous. It was associated with non-
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Figure 1 Ascitic fluid-Smear shows Microfilaria. Background shows
inflammatory cells (Pap stain 100 x).

Figure 2 Microfilaria with nuclei. Note that the tail portion is devoid of the
nuclei (pap 400 x).

bilious vomiting, 2-3 episodes per day. She also
complained of abdominal distention from the last 15
d, which was generalized and gradually increasing
with increasing abdominal pain. She had undergone
a Caesarean section 2 mo ago. The pregnancy
had been uneventful. Her general physical, cardio-
vascular and respiratory systems examination did
not reveal any abnormalities. Shifting dullness was
present on abdominal examination without tender-
ness or hepatosplenomegaly.

Laboratory examination revealed haemoglobin of
12.2 gm%, normal mean corpuscular volume (MCV)
of 82fl, total leukocyte count of 16500/cmm and
platelet count of 253000/cmm. Creatinine was 1.2
mg%, AST (aspartate aminotransferase) 21 IU/L,
ALT (alanine aminotransferase) 25 IU/L and Bilirubin
1.1 mg/dL. Her total serum protein was 6.4 g/dL,
albumin 3.7 g/dL and INR (international normalised
ratio) 1.1, serum cholesterol and TG (triglycerides)
were normal. Serum amylase was 45 IU/L and
serum LDH (lactate dehydrogenase) was 1241 IU/L.
Stool examination was normal. Ascitic fluid analysis
revealed straw coloured fluid, total leukocyte count of
876 cells/mm® with 65% neutrophils, ascitic protein
3.7 g/dL, ascitic albumin of 2.7 g/dL and SAAG was 1.
Ascitic fluid ADA (adenosine deaminase) was 14 U/L,
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Figure 3 Microfilaria in peripheral smear. Sample collected at 2 am.

amylase 46 IU/L, LDH 106 IU/L, glucose 40 mg/dL
and TG was 55 mg/dL. Ultrasonography of abdomen
was unremarkable except for moderate ascites.
Portosplenic Doppler was also normal. CT abdomen
was suggestive of moderate ascites, omental and
mesenteric fat stranding with multiple non necrotic
mesenteric lymph nodes and diffuse long segment
concentric wall thickening involving small bowel
loops, especially the jejunum. Upper GI endoscopy
was normal. She was given IV antibiotics and IV
fluids. She improved symptomatically but abdominal
distention persisted. Ascitic fluid cytology showed
numerous eosinophils, few neutrophils, mesothelial
cells and few histiocytes. Cytology was negative for
malignant cells. But cytological examination revealed
presence of sheathed microfilariae consistent with
Wuchereria Bancrofti (Figures 1 and 2). Subse-
quently patient’s peripheral smear examination
showed presence of motile microfilaria which
confirmed our diagnosis (Figure 3). She was given
diethylcarbamazine 300 mg/d for 21 d along with
albendazole 400 mg/d for 7 d. She responded well to
treatment; abdominal pain and ascites disappeared
in a few days. Peripheral blood smear repeated after
two weeks was negative for microfilaria.

DISCUSSION

We report a case of non chylous filarial ascites
positive for microfilaria in ascitic fluid which is a rare
finding. To the best of our knowledge, there are
only two published cases where microfilaria were
detected in ascitic fluid™?.

Filariasis is still endemic in many parts of world
including India and a predominant cause of health
morbidity. It is quite prevalent in many states of
India like Jharkhand, Andhra Pradesh, Uttar Pradesh,
Gujarat, Orissa, Tamil Nadu, Kerala and Bihar. Many
infected patients remain asymptomatic.

The definitive host for filarial infection is man.
The parasites have a predilection for lymphatics.
The Culex mosquito is an intermediate vector. They
ingest microfilariae from affected individuals and
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this larvae develop into active motile forms in 10-12
d for further transmission into a new host. In the
definitive host, the larvae develop into adult worms
in lymphatics and give rise up to 50000 worms/d.

The adult worm usually resides in lymphatics
while microfilariae traverse in peripheral blood.
Microfilaria are visible in specimens of tissue or
fluids due to obstruction of lymphatics and vascular
channels. Inflammatory conditions, major trauma,
even stasis or tumours can precipitate obstruction.
Due to this obstruction, there is lymphatic damage
and extravasation of microfilariae. Based on the
detection of microfilariae in blood samples and body
fluids, we establish our diagnosis. On autopsy, adult
filarial parasites can be demonstrated.

Moreover, pregnancy is associated with pelvic
congestion due to effect of progesterone and other
placental hormones. Hypothetically, caesarean section
could be a cause of traumatic rupture of lymphatic
vessel with subsequent spread of microfilariae into
the peritoneal cavity™.

Ascites and pleural effusion are uncommon
findings. Commonly they are chylous in nature due
to blockage of lymph from the occluded lymphatic
channels. Such microfilarial ascites being non-
chylous microfilarial ascites is extremely rare. Lymp-
hangitis because of partial obstruction is a proposed
mechanism for such exudative collection™®. Ascitic
fluid TG could also be low due to inadequate diet,
but ascitic fluid TG content is low in our patient
inspite of adequate food intake.

Many authors have reported microfilariae in
breast lump as well as in lymph node aspirates™®.
Microfilariae have been detected in thyroid swelling
and rarely in subcutaneous swellings!”*®!. Detection
of microfilaria in body fluids like pleural effusion and
ascites is rare and such ascites being non chylous is
extremely rare.

Therefore clinical suspicion and careful cytological
examination is extremely important to avoid mis-
diagnosis. Demonstration of parasite in cytology will
be helpful not only in the right diagnosis but also in
instituting specific treatment.

COMMENTS

Case characteristics
Vomiting since 1 mo and abdominal distention since 15 d.
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Clinical diagnosis

Ascites on percussion of abdomen without organomegaly.

Differential diagnosis

Twenty six years old female 2 mo postpartum presented with complaints of
abdominal pain and Vomiting since 1 mo and abdominal distention since 15 d.
Budd chiari syndrome, decompensated chronic liver disease, tuberculosis.
Laboratory diagnosis

Normal CBC, liver function and metabolic panel except high leukocyte count
with ascitic fluid showing high leukocytes with low protein and normal ADA
level.

Imaging diagnosis

CT abdomen was done which was suggestive of moderate ascites, omental
and mesenteric fat stranding with multiple non necrotic mesenteric lymph nodes
and diffuse long segment concentric wall thickening involving small bowel loops
especially jejunum with normal ultrasound and colour Doppler study.
Pathological diagnosis

Ascitic cytology revealed presence of numerous neutrophils with presence of
microfilaria of W Bancrofti.

Treatment

Patient was treated with diethylcarbamazine for 21 d and albendazole for 7 d.
Related reports

Presence of microfilaria has been documented in atypical location by FNA has
been documented by Yenkeshwar PN and others but detection of microfilaria in
ascitic fluid is very uncommon.

Experiences and lessons

Clinical suspicion and careful cytological examination by expert pathologist is
extremely important in clinical practice.

Peer review

Shah and colleagues present an interesting and very rare case of ascites due
to filariasis in a young woman a few weeks after giving birth.
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Abstract

Staphylococcus aureus (SA) infections remain a major
cause of morbidity and mortality despite the availability
of numerous effective anti-staphylococcal antibiotics.
This organism is responsible for both nosocomial and
community-acquired infections ranging from relatively
minor skin and soft tissue infections to life-threatening
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systemic infections. The increasing incidence of methi-
cillin-resistant strains has granted an increasing use of
vancomycin causing a covert progressive increase of its
minimum inhibitory concentration (MIC) (dubbed the
MIC “creep”). In this way, the emergence of vancomycin-
intermediate SA (VISA) strains and heteroresistant-
VISA has raised concern for the scarcity of alternative
treatment options. Equally alarming, though fortunately
less frequent, is the emergence of vancomycin-resis-
tant SA. These strains show different mechanisms
of resistance but have similar problems in terms of
therapeutic approach. Ultimately, various debate issues
have arisen regarding the emergence of SA strains
with a minimum inhibitory concentration sitting on the
superior limit of the sensitivity range (ie., MIC = 2
ug/mL). These strains have shown certain resilience to
vancomycin and a different clinical behaviour regardless
of vancomycin use, both in methicillin-resistant SA and in
methicillin-sensitive SA. The aim of this text is to revise
the clinical impact and consequences of the emergence
of reduced vancomycin susceptibility SA strains, and the
different optimal treatment options known.

Key words: Staphylococcus aureus; Minimum inhibitory
concentration; Methicillin-resistant Staphylococcus
aureus; Vancomycin-intermediate Staphylococcus
aureus; Heteroresistant-vancomycin-intermediate Stap-
hylococcus aureus; Vancomycin resistant Staphylococcus
aureus

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The emergence of increasing vancomycin-
resistance in Staphylococcus aureus (SA) isolates,
has stirred up the basis of therapeutic approach in
staphylococcal infections. Complete vancomycin-
resistance is acquired through plasmid transmission of
enterococcal gene vanA. However, the development of
strains with gradual loss of vancomycin-susceptibility
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seems to be related to conformational bacterial changes
and affects its pathogenicity and even its susceptibility
to other antimicrobials (other than vancomycin). It
has been observed that the impact of diminished
vancomycin susceptibility could not only affect methi-
cillin-resistant SA but has also been related to worse
prognosis in methicillin-sensitive SA infections. There
is yet much to explore to better define the impact of
higher vancomycin minimum inhibitory concentration in
staphylococcal infections.

Morales-Cartagena A, Lalueza A, Lopez-Medrano F, Juan RS,
Aguado JM. Treatment of methicillin-resistant Staphylococcus
aureus infections: Importance of high vancomycin minumum
inhibitory concentrations. World J Clin Infect Dis 2015; 5(2):
14-29 Available from: URL: http://www.wjgnet.com/2220-3176/
full/v5/i2/14.htm DOI: http://dx.doi.org/10.5495/wjcid.v5.i12.14

STAPHYLOCOCCUS AUREUS, AN
EVOLVING AGENT

Little after the beginning of the antibiotic era came the
arrival of antibiotic resistance. The first Staphylococcus
aureus (SA) strains resistant to penicillin appeared in
1942 due to an inducible beta-lactamase, and since
then it has been evolving, developing resistance to most
other antibiotics used for staphylococcal infections!.
In 1959 methicillin became the best option to surpass
penicillin resistance, however, resistance appeared
only 2 years later [methicillin-resistant Staphylococcus
aureus (MRSA)]™. It took some years to spread, and
not until the mid 1980’s did MRSA reach alarming
figurest®*,

The mechanisms leading to methicillin resistance
involve the expression a chromosomal gene mecA,
which is found in the staphylococcal cassette chromo-
some (SCC), a mobile genomic element. This gene
encodes penicillin binding protein 2a (PBP2a) that has a
low affinity for certain betalactams, including penicillin
and methicillin. The origin of methicillin resistance is
uncertain, however, studies up to now suggest that
it first appeared in coagulase-negative staphylococci,
and then was transferred to methicillin-susceptible
Staphylococcus aureus (MSSA) through horizontal
gene transfer. Genes encoded in SCCmec have proved
to be decisive in antibiotic resistance, however, it is not
clear whether the play any relevant role in S. aureus
virulence™®.,

Whereas methillin-resistance developed in the
years following its discovery, S. aureus strains show-
ing reduced susceptibility to vancomycin were not
described until 1997. However, many reports of similar
findings started to appear shortly after’”’, Even if
vancomycin resistance expansion has taken a different
form than other patterns of antibiotic resistance and
perchance less aggressive, it is a growing problematic
in staphylococcal infections and deciding the optimal
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treatment approach is an on-going challenge.

EPIDEMIOLOGY OF AS INFECTION

Incidence of methicillin resistant SA

MRSA has spread like an epidemic, becoming 41.2%
of the strains isolated in Europe at the present time'®.
More than 25% of S. aureus strains isolated in Spanish
hospitals are methicillin resistant™®. Prevalence of MRSA
in Asian hospitals are globally very high, reaching 60% of
the SA isolates in countries like Southern Korea, Vietnam
or Taiwan™®'"!, In the United States, studies in the last
decade declared that more than 94000 MRSA-associated
infections occur every year, with an estimation of 18650
MRSA-infections attributable deaths'?.. One of the most
important risk factors in developing MRSA infection
has been observed to be MRSA colonization, detected
through positive nasal-carriage. In a recent meta-
analysis evaluating the prevalence of MRSA colonization
and infection in patients admitted to the intensive care
unit (ICU) (studies included from Europe, North and
South America, Asia and Australia) they observed a
prevalence of MRSA colonization ranging from 5.8% to
8.3%, which was higher in North American studies, with
and upward trend. MRSA colonization was found to be
associated with an important increased risk for MRSA
infections [relative risk (RR) of 8.33]".

Lately however, decreasing trends in hospital-
onset MRSA infections have been observed in several
surveillance studies. In an observational study of all
Department of Defence TRICARE beneficiaries from
January 2005 to December 2010, they found that
annual rates of both community-onset and hospital-
onset MRSA bacteraemia decreased (from 0.7 per
100000 person-years in 2005 to 0.4 per 100000 person-
years in 2010)"%. In addition, MRSA central line-
associated bloodstream infections have been decreasing
in United States intensive care units'”®!. Decline in
healthcare-associated invasive MRSA infections have
also been recently reported!*®, The emergence of
community-associated MRSA (CA-MRSA) and its
introduction into healthcare settings has changed the
epidemiology of S. aureus infection in the American
continent and worldwide. These isolates are chiefly
associated with a wide range of soft tissue infections and
are sometimes implicated in severe pneumonias. They
are rarely encountered in patients with bacteraemia.
In an observational study to analyse the impact of
CA-MRSA emergence on S. aureus bacteraemia
(SAB), they describe a steadily decreasing rate of
SAB both for community-associated (especially MSSA
bacteraemia) and hospital-onset cases, whereas the
rate of community-onset healthcare-associated cases
did not change”.. These results emerge in the context
of multiple strategies adopted with the objective of
reducing device-related and surgical-site infections in
hospital settings. Most of these studies and revisions
are based on retrospective data and observational
evidence, and must therefore be weighed in this
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context.

The vast majority of published epidemiological
studies about the prevalence and clinical impact of
SA infections refer to the American and European
continents. There is scarce information about S. aureus
epidemiology in non-Western parts of the world (Africa,
Middle East, Asia and Oceania) as highlighted in
Rasigade’s review™®,

Morbidity and mortality associated to MRSA infections
MRSA bacteraemia is associated with a considerable
mortality. In a recent study that took place in nine
different areas of the United States where they analysed
almost 9000 MRSA invasive infections, bacteraemia
(75%) was the clinical syndrome most frequently
associated with invasive MRSA infection. Standardized
mortality rate in this study was 6.3 per 100000 (interval
estimate 3.3-7.5)1*,

Given that MRSA infections have been historically
mainly healthcare-associated, bacteraemia by these
pathogens have been found more frequently in
patients who are severely ill or with a great number
of comorbidities. Thereby there has been a continuing
perception that this organism is particularly virulent.
However, its virulence compared to that of MSSA
remains controversial™®. Earlier studies and meta-
analysis described an almost two-fold increase in
mortality in patients with MRSA bloodstream infections
than those due to MSSAM®!. However, other studies
analysing healthcare-associated MRSA bacteraemia in
that same period and in the following years found no
differences®??, In a meta-analysis that evaluated the
results of 9 international studies comparing MRSA vs
MSSA risk factors and mortality, they observed that
the risk of death was higher in patients with MRSA
bacteraemia than those with MSSA bacteraemia in
all but one of the studies, with a RR of death of 2,
ranging from 0.89 to 4.94. They described potential
risk factors associated to MRSA bacteraemia, such as:
prior antibiotic therapy, longer previous hospital stay,
older age, male sex, past history of MRSA infection
and admittance or treatment in an ICU™®. However
once again, this almost two-fold higher mortality risk,
seemed to be interfered by the base-line comorbid and
nosocomial situation of those patients!***,

ROLE OF VANCOMYCIN IN METHICILLIN-
RESISTANT S. AUREUS INFECTIONS
AND CONSEQUENCES OF ITS USE

The use of vancomycin, a glycopeptide discovered in
1952 and approved shortly after, didn’t spread until
years later with the emergence of pseudomembranous
enterocolitis and the spread of MRSA infections®®", Its
mechanism of action consists on the inhibition of the
bacterial wall synthesis, with a slow bactericidal effect
compared to beta-lactams™*, Nephrotoxicity is its
main toxicity concern, needing caution for patients with
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renal impairment. In these cases, if treatment with
vancomycin is unavoidable, the best possible approach
would be to confirm serologic levels stay within optimal
concentration for bactericidal activity (see section “Risk
of nephrotoxicity with elevated vancomycin doses”)**>..

Clinical guidelines still recommend intravenous
vancomycin as one of the first choice antibiotic therapies
for the treatment of MRSA infections including bacter-
aemia, infective endocarditis, meningitis, central-line
associated infection, septic thrombosis, osteomyelitis,
and septic arthritis (in the latter, the addition of rifa-
mpin is sometimes considered). In specific severe
complications such as severe septic shock, toxic synd-
rome, or necrotizing pneumonia, some experts consider
adding adjunctive therapy with clindamycin or linezolid,
which are protein synthesis inhibitors. Intravenous
immunoglobulin have also shown good results in these
situations®®..

Unlike with other antibiotics, S. aureus did not start
to show resistance to vancomycin until 40 years after
its discovery. In 1996 in Japan, the first vancomycin-
intermediate Staphylococcus aureus (VISA) isolate was
reported®*®, and subsequently heteroresistant VISA
(hVISA) and vancomycin-resistant Staphylococcus
aureus (VRSA) isolates were described (see section
“Minimum inhibitory concentration value for vancomycin
and mechanisms of resistance”). Thereafter, vancomycin
failure and apparently worse clinical outcome in these
staphylococcal infections started to be described™..
In the Asian continent VISA has never disseminated
widely and has only been sporadically reported. VRSA,
on the other hand, with greater MIC than 16 ug/mL
(harbouring gene vanA), have been increasingly
reported from northern India and West Bengal, both in
clinical and colonization isolates™".

Minimum inhibitory concentration value for vancomycin
and mechanisms of resistance
More than 20 years ago, the Clinical and Laboratory
Standards Institute (CLSI) first set broad minimum
inhibitory concentration (MIC) cut-off point and disk
diffusion testing of vancomycin in S. aureus isolates
(resistance set at = 34 ug/mL). In 1998, after the
appearance of the first S. aureus strains with reduced
vancomycin susceptibility, they lowered the disk
diffusion breakpoints, in order to detect these strains
to < 4 pg/mL. However, dlinical failures with vancomy-
cin in patients with MRSA infections resulted in a re-
evaluation of its MIC breakpoints in 2004. Finally in
2006 the CLSI established vancomycin MIC suscep-
tibility cut-off point in < 2 pg/mL, 4-8 pg/mL for
VISA and finally = 16 pg/mL for VRSA. MIC for VRSA
was lowered to 16 pg/mL because MICs above that
limit had shown high probability of adverse clinical
outcome™”., Even with these changes, concerns about
the declining susceptibility to glycopeptides in MRSA
infections persisted™.,

S. aureus cell wall is composed of layers of murein
monomers (peptidoglycan) with D-alanine-D-alanine
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(D-ala-D-ala) residues. From the cytoplasm, where
these monomers are synthesized, a lipidic transporter
(lipid II) transfers them through the membrane. It is
then built into the peptidoglycan chain by enzymes
situated within the membrane. Vancomycin binds to
these D-ala-D-ala residues and blocks the assembly
of peptidoglycan monomers, stopping bacterial
growth®”, VISA and VRSA have shown to have different
mechanisms of resistance. In the case of VISA, it has
been observed that they form a thickened cell wall, with
added peptidoglycan layers, and therefore vancomycin
isn’t able to saturate its target nor reach to the surface
of the cell wall, and becomes entrapped within it, never
attaining its disruption™%. The term glycopeptide-
intermediate SA is sometime used in these strains,
given that they frequently show similar patterns of
resistance for teicoplanin. Though most VISA strains
are also methicillin-resistant, a minority do show
susceptibility to methicillin®®. Intermediate vancomycin
resistance has been associated to previous exposure
to vancomycin and it seems these isolates can regain
vancomycin susceptibility when the antibiotic pressure
is withdrawn®®!,

VRSA, with MIC breakpoint = 16 ug/mL considering
current standards (CLSI) was first detected in 2002.
Fortunately it is yet extremely uncommon®®. VRSA
acquire their mechanism of resistance from a gene
transferred from vancomycin-resistant enterococci,
gene vanA (usually transferred by transposon plasmids-
Tn1546). The resistance mechanism relays on the
change of a peptidoglycan residue (D-ala-D-ala by
D-ala-D-lactate), so that vancomycin is not able to bind
to exert its blockage of the wall synthesis. VISA strains
do not carry vanA, vanB, or vanC genes’~",

Little after the description of VISA, arose the obser-
vation of subpopulations of MRSA apparently van-
comycin-susceptible, showing atypical glicopeptide-
resistance patterns, referred to as hVISA. These
isolates would fall one step before VISA, in vancomycin
resistance. Patients with hVISA were found to have
been usually exposed to vancomycin in lower levels
than desired therapeutic objectives (i.e., < 10 pg/mL).
The population analysis profile-area under the curve
(AUC) calculation is the reference method to identify
hVISA strains, which is an arduous process and is
not always available in all laboratories. Measuring
vancomycin-MIC values of these subpopulations, most
of them will show a MIC = 2 ug/mL, but some yet
show MICs < 2 pug/mL. This increases the difficulties
involved in their correct identification. There is evidence
of prevalence increase of hVISA strains in selected
locations. It has been observed that patients with
complicated MRSA infections might be at a greater
risk of hVISA. In this context, in a recent international
study they found that 29% of the patients with
MRSA infective endocarditis had isolates with hVISA
subpopulations®*®!, Vancomycin heteroresistant S.
aureus have been classified with a MIC ranging from 2
to 8 ug/mL.
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Table 1 Staphylococcus aureus glycopeptide minimum
inhibitory concentration cut-off values (n1g/mL) as defined

by Clinical and Laboratory Standards Institute and European
Committee on Antimicrobial Susceptibility Testing (determined
by broth microdilution)

Antibiotic CLSI (2011) EUCAST (2011)
S VISA R S R

Vancomycin <2 4-8 =16 <2 >2

Teicoplanin <8 - =32 <2 >2

CLSI: Clinical and Laboratory Standards Institute; EUCAST: European
Committee on Antimicrobial Susceptibility Testing; S: Sensitive; VISA:
Vancomycin-intermediate Staphylococcus aureus; R: Resistant.

It has also been recently observed that there
are emerging S. aureus strains with a MIC sitting on
the superior limit of the sensitivity range (i.e., MIC
> 1.5 pg/mL), that could show certain resilience to
vancomycin and a different clinical behaviour®%*!,

This resistance or loss of sensitivity to glycopeptides
has given rise to plenty of debates regarding its
clinical and epidemiologic relevance. As previously
mentioned, partly due to the concerns of reduced
vancomycin efficacy, in 2006 the CLSI lowered the
S. aureus vancomycin-susceptible MIC cut-off point
from 4 pg/mL to 2 pg/mL"™". This cut-off point value is
shared by the European Committee on Antimicrobial
Susceptibility Testing, yet they do not hold the same
MIC classification for VISA strains (which CLSI classify
with MIC from 2-4 to 8 ug/mL) and VRSA (MIC =
16 pg/mL), and consider all S. aureus strains with
MIC higher than 2 pg/mL, as “clinically” resistant to
vancomycin (Table 1).

Different microbiologic methods to calculate
vancomycin MIC

Detection of VISA strains can be difficult, and they
may take more than two days of incubation to
grow on culture plate'”). Quantitative antimicrobial
susceptibility methods are the optimum techniques
to correctly identify S. aureus isolates with VISA
subpopulations. Valid quantitative antibiotic sensitivity
test are: broth dilution, agar dilution, and agar gradient
diffusion (Etest; AB-Biodisk). To correctly measure
vancomycin susceptibility, CLSI recommend broth
microdilution test done in cation-fixed Mueller-Hinton
broth using a bacterial inoculum of 0.5 in McFarland
scale, and incubating the dilution at 35°C for 24 h™*®,
In laboratories that use automated systems or disk
diffusion testing, they recommend using a commercial
set prepared with brain-heart infusion agar plate with
a vancomycin concentration of 6 ug/mL. By these
standards, when a S. aureus isolate shows a MIC of
= 2 pg/mL (according to the latest MIC classification)
it should be confirmed with retesting. If confirmed,
this information should be reported as possible VISA
(or VRSA if it were = 16 pg/mL), and depending
on the country and institution policies, should be
communicated to the hospital’s infectious diseases
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department, and established health authorities'”".

Sometimes microbiology laboratories will only
inform of the MIC cut-off point, and some automated
antimicrobial sensitivity tests will not detect S. aureus
isolates with a MIC of 2 ug/mL or less, therefore
complicating the detection of VISA and hVISA strains™*”.
Within VSSA isolates, a higher MIC (2 pg/mL) increases
the likelihood of detecting the hVISA phenotype'!.
In a recent meta-analysis, prevalence of hVISA was
observed to be of 1.67% (14 studies published in
different countries between 1997 and 2001). They
found a much higher incidence of hVISA within MRSA,
and even though some studies were biased because
they only included MRSA. They hypothesise MRSA could
be more likely to harbour hVISA or VISA, given that
MRSA is usually health-care related and hVISA/VISA
represent strains that emerge under heavy antibiotic
pressurel***3,

MIC elevation has important consequences for the
effectiveness of this antibiotic and therefore has an
impact on MRSA bacteraemia mortality. Consequently,
it would be reasonable to consider vancomycin as a
suboptimal treatment for strains with a vancomycin MIC
> 1 pg/mL. The majority of the hospitals and health
centres routinely use automated tests to estimate
vancomycin MIC. However, these methods aren’t
always comparable to standardized methods (Etest,
broth microdilution), on which the outcome data of
most of the studies are based. Automated systems
are able to detect only 10% of MRSA isolates with a
vancomycin MIC of 2 ug/mL. Given these disparities the
reference method (usually broth micro-dilution) must
always be used as confirmation*”. Unfortunately, these
results may take days to become available, which could
delay adequate specific therapy*..

MIC “creep”
MIC “creep” is the concept of a surreptitious constant
vancomycin MIC elevation in S. aureus isolates resulting
from various factors such as antibiotic exposure
and changes in the S. aureus clonal population. The
clinical impact of MIC “creep” is yet to be determined,
however, a feared consequence could be increased
mortality and treatment failure in high vancomycin-MIC
S. aureus infections, treated with vancomycin'®®.,
Evidence of this concept is reflected in various
studies and epidemiologic analysis that have been
carried out in the last ten to fifteen years. For instance,
an analysis of 6003 S. aureus isolates in Los Angeles-
California in 2004, found a trend of increasing vancomy-
cin MIC; the prevalence of S. aureus with vancomycin-
MIC of 1.0 ug/mL increased from 19.9% in 2000 to
70.4% in 2004, when previously most stood at <
1.0 ug/mL”?. Similarly, in 241605 S. aureus isolates
tested by the Surveillance Network Database in the
United States of America in 2007, they found 16.2%
of them had a MIC of 2 ug/mL?%. In an evaluation of
more than 35000 strains of S. aureus isolated during
1998-2003, 4.7% to 7.8% of S. aureus isolates had
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a MIC of 2 pg/mL"®. Moreover, despite the tapering
in CLSI's vancomycin breakpoint to 2 pg/mL, one
study demonstrated that 80% of the organisms with
MICs of 2 ug/mL were demonstrated to have hVISA
phenotypes!*’l. Thus, we are witnessing a gradual
decrement in vancomycin susceptibility which seems to
be greater in settings where the drug is most used®.

Risk factors for vancomycin MIC elevation

In Lubin’s prospective study they analysed predictive
factors for an elevated vancomycin MIC in S. aureus bac-
teraemia. In the univariate analysis, various variables
were associated with high vancomycin MIC; age >
50 years, the presence of sepsis or shock at the time
of culture, a known history of MRSA bacteraemia,
recent exposure to vancomycin or daptomycin, and the
presence of a prosthetic heart valve or non-tunnelled
central line. However, in the final predictive model, only
age > 50 years, history of chronic liver disease, recent
vancomycin exposure (> 48 h during the previous 7 d),
presence of a non-tunnelled central venous catheter at
the time of culture, and a history of MRSA bacteraemia
were included™’,

A recent study carried out in the United States
identified several risk factors for reduced vancomycin
susceptibility S. aureus infection. A previous history of
vancomycin exposure, in the month prior to S. aureus
isolation (OR = 13) or in the previous 3-6 mo (OR =
2.8), and having any positive culture for MRSA in the
previous 2-3 mo were independently related to reduced
vancomycin-susceptibility S. aureus infections™.

In a study analysing bacteraemia due to MRSA
isolates comparing those manifesting hVISA to those
fully vancomycin susceptible, they found association
between hVISA and infections with high bacterial load,
(i.e., endocarditis), resulting statistically significant.
These strains were also associated to longer duration
of fever, longer time to clearance of the bacteraemia,
length of hospital stay, and failure of vancomycin
treatment. Furthermore, they found these strains had
frequently been under initial low serum vancomycin
levels®™”,

Other risk factors observed in previous studies
have been admittance to an intensive care unit, female
sex, elevated body mass index, recent surgery, and
cardiovascular disease®™ .

Fortunately, VRSA infection continues to be a rare
occurrence. In the analysis of the few cases observed,
some predisposing risk factors for VRSA infections
have been identified. These are; previous enterococcal
or MRSA colonization or infection, comorbidities such
as diabetes or chronic skin sores and ulcers, and
vancomycin exposure. Infection control and antibiotic
stewardship are crucial to avoid the emergence of
VRSA. However, more studies are needed to better
define the specific microbiological and clinical charac-
teristics of these strains>*.

Recently, the first VRSA was detected in Europe, in
a Portuguese hospital. In the epidemiological study, the
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patient and 53 contacts were screened for S. aureus
colonization. All strains recovered were characterized
by molecular typing methods, by which they observed
that VRSA remained confined to the infected foot of
the patient and was not detected in any of the close
contacts. Only one of the MRSA isolates detected in
the screened population was closely related to the
VRSA. The VRSA isolated in Portugal belonged to
clonal complex (CC) 5, like most of the characterized
VRSA strains from other countries. A recent increase
in the incidence of lineages belonging to CC5 has been
observed in some European countries. This may result
in more frequent opportunities for the emergence of
VRSA®,

CLINICAL RELEVANCE OF VANCOMYCIN
MIC ELEVATION

Adjusting vancomycin dose to improve AUC/MIC
Vancomycin exhibits concentration-independent and
time-dependent killing. Vancomycin efficacy is best
measured using the ratio of the 24-h area under the
concentration-time curve (AUCo-24) to the MIC ratio
(AUCo-24/MIC), in pharmacodynamic parameters. These
findings are based on neutropenic murine thigh-infection
models™®. In patients with S. aureus pneumonia,
treated with vancomycin, it has been observed that
attaining an AUCo-24/MIC = 350 (MIC determined by
broth microdilution) is associated with seven times
better odds of clinical success. They found shorter time
to bacterial elimination when the AUCo-24/MIC attained
was = 400", The AUCo-24/MIC concentration
obtained with the usual doses administered (1 g/12
h) and with a trough vancomycin concentration of
10 pg/mL, is approximately 400 mg/h per litre. From
these results we could assume that the commonly
recommended dose is adequate to treat S. aureus
infections with a vancomycin MIC < 1 ug/mL but
suboptimal when it is > 1 ug/mL.

In the last years, there have been several publi-
cations regarding diminished efficacy of vancomycin
in those cases with S. aureus infection with high
vancomycin MIC but within the sensitivity range®*>%%,
Based on these findings, some studies suggest the ideal
aimed vancomycin-dose for best clinical results should
be an AUCo-24/MIC ratio = 400, and therefore targeted
trough concentrations should be increased to 15-
20 mg/L"". However, in a recent study with patients
with severe MRSA infections treated with vancomycin
in which they adjusted daily dose to reach trough
concentrations = 15 mg/mL, they observed that the
cure rate for the cases with vancomycin MIC = 2 ug/mL
was still inferior to those with MIC < 1 ug/mL (62% vs
85%; P = 0.02)"%,

On the other hand, aggressive dosing strategy could
possibly enable targeted vancomycin concentrations
in most cases of vancomycin-susceptible S. aureus
infection. However, this could possibly be unachievable
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in other clinical settings, such as higher MIC or when
limited by vancomycin toxicity. In a recent study, Patel
showed that creatinine clearance and vancomycin
MIC were inversely related to the probability of achi-
eving adequate AUCo-24/MIC values. He used Monte
Carlo simulations to carry out this study. As an
example, when administering 1500 mg of intravenous
vancomycin every 12 h, target AUCo-24/MIC values
were attained in 97% of the cases of vancomycin
MIC < 0.5 mg/L, but they weren’t able to reach this
target in 38% of the cases with a vancomycin MIC of
2 mg/L®. When evaluating vancomycin-susceptible
S. aureus, VISA, and hVISA in this model, the AUCo-24/
MIC ratio required for a static effect was similar for
all these organisms. However, the dose required for
a 2 log™ kill was 2.5-fold higher for hVISA, compared
with VISA. Therefore, the authors concluded that
a AUCo-24/MIC ratio of at least 500 was needed to
optimize vancomycin pharmacodynamics for hVISA.
To attain this AUCo-24/MIC ratio, the needed doses to
administer would be extremely high and would involve
unacceptable toxicity™®*.

In Ghosh’s recently published study, they evaluated
the utility of previously validated AUC predictions (based
on creatinine clearance estimation) and explored
the optimal AUCo-24/MIC targets for vancomycin in
patients with MRSA bacteraemia. They also investi-
gated whether observed targets are influenced by
the sources of the bacteraemia. Treatment failure
(persistent bacteraemia, microbiological failure and
30-d all-cause mortality) in their study occurred more
frequently in those cases where the AUCo-24/MIC
(by broth microdilution) was less than 398 (54% vs
23.4%, P < 0.01). Other variables associated with
treatment failure were chronic lung disease, on-going
immunosuppressive treatment, and high-risk sources
of bacteraemia (endovascular, pneumonia, complicated
intra-abdominal and central nervous system foci). In
their study they also observed significant differences
between MIC calculated by Etest or microdilution,
as previously described. Etest generally yielded MIC
results approximately 1-2 dilutions higher than broth
microdilution, which could be circumvented by aiming
appropriate MIC-method specific AUCo-24/MIC targets.
They also observed that bacteraemic source specific
AUCo-24/MIC thresholds may offer better outcome in
high risk bacteraemia, with lower doses required for
low risk source of infection. However, no further studies
have yet been carried out to include these findings
in current guidelines for their implementation. The
controversy of this study relies also in the fact that they
found no significant differences in clinical outcome in
those cases with high vancomycin MIC (both measured
by Etest or broth microdilution). Finally, they conclude
that vancomycin trough concentrations are unlikely to
accurately reflect AUCo-24/MIC targets and may result
in suboptimal outcomes. They suggest AUC estimation
based on validated formulas, may allow for individual
patient-dose optimisation resulting in increased treat-
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ment success when a vancomycin AUCo-24/MIC of =
398 is achieved™'.

Risk of nephrotoxicity with elevated vancomycin doses

There is limited data suggesting a direct causal
relationship between toxicity and specific serum van-
comycin concentrations'®. However, targeting van-
comycin dosing for trough concentrations of 15-20 mg/
L leads to a greater risk of nephrotoxicity’™, especially
in those patients who also receive other nephrotoxic
drugs'®. In fact, a vancomycin trough concentration
> 15 mg/L has shown to be an independent predictor
of nephrotoxicity®®”, In one the studies proving this
association, they compared nephrotoxicity (defined in
their study as a 25% decrease in creatinine-clearance
rate) developed in 59% of the patients treated with
vancomycin that achieved trough serum concentrations
of 15 mg/L, whereas in only 30% of those achieving
lower trough concentrations (P = 0.0006)"®. Nephro-
toxicity is frequently a limiting factor for patients to
receive the optimal doses in MRSA infections, even
when adjusted by AUCo-24/MIC, and often forces
rotation to other less validated antibiotic schemes.

CONSEQUENCES OF AN ELEVATED
VANCOMYCIN MIC IN INFECTIONS BY
MRSA AND MSSA

As it has been previously mentioned, glycopeptides,
mainly vancomycin has traditionally been the treatment
of choice for MRSA infections. However, because of the
numerous studies declaring worse outcome in MRSA
infections with vancomycin MIC > 1.5 ug/mL, even after
adjusting trough concentration to higher thresholds
(15-20 mg/L)"®**", confidence in this treatment option
has somewhat declined. This is similarly observed in
hetero-resistant strains, observing a loss of bacteri-
cidal activity (tolerance) to glycopeptides and more
frequent treatment failure in hVISAU%, Infections
where hVISA are isolated have been associated with
high-inoculum infections, persistent bacteraemia and
metastatic complications, however, up to now, there are
controversial results regarding the impact on mortality
in these patients”*.

Along these lines, previous studies have declared
worse clinical outcomes in S. aureus infections,
especially bacteraemia, with decreased vancomycin
susceptibility (within VSSA ranges)!®®¢*%%7?!, These
results have been reproduced for VISA and hVISA
infections, finding bloodstream infections by these
strains were more frequently associated to persistent
bacteraemia than those that did not show this pheno-
typel®®. In another study yet, they observed that MRSA
bacteraemia was associated with higher mortality
when vancomycin was used empirically, on those cases
where vancomycin MIC was > 2 pg/mL®". But not
all publications corroborate these results, generating
further controversy”>7?,
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A recent meta-analysis which included a total of 22
studies™ studied the impact of a vancomycin MIC = 1.5
Hg/mL on the clinical outcome of S. aureus infections.
In this meta-analysis they highlighted an association
between higher vancomycin MIC in MRSA infections
and poorer outcomes (even mortality), regardless of
the source of infection or MIC methodology (OR =
1.64; 95%CI: 1.14-2.73, P = 0.01). They described
an increased all-cause 30-d mortality in MRSA bloods-
tream infections with a vancomycin MIC of 2 ug/mL
(determined by Etest), however, no mortality differences
were detected in isolates with a MIC of 1 ug/mL and
1.5 ug/mL. Treatment failure, defined as persistent
bacteraemia, was also more frequently observed in
cases of high vancomycin MIC. After these results have
been published, other authors have approached this
association with discordant conclusions.

Therefore, despite some contradictory findings,
it seems the observation of a higher vancomycin
MIC has been repeatedly shown to confer a worse
prognosis for MRSA bacteraemia’®®®**?!, This association,
however, has been scantily investigated for MSSA
strains. The present evidence is scarce, however
some studies described a similar association between
worse clinical outcome and elevated vancomycin
MIC in MSSA bacteraemia, regardless of antibiotic
treatment administered (anti-staphylococcal penicillin
or vancomycin). In a study of 99 patients with MSSA
catheter-related bacteraemia, vancomycin MIC (Etest)
= 1.5 pug/mL was the only independent risk factor
for the development of complicated bacteraemia (OR
= 22.9; 95%CI: 6.7-78.1), regardless of the initial
antibiotic administered”®. Similarly, another study
revealed that mortality increased 2.4-fold in patients
with a vancomycin MIC > 1.5 ug/mL, and the choice of
antibiotic treatment had no statistical significant effect
on 30-d mortality in the multivariable model”.

S. aureus is one of the main causes of infective
endocarditis (IE), being MSSA more frequently found
to be responsible for native-valve IE (85% vs 15%)
compared to MRSA, with a very high morbidity and
mortality, that sits around 25%77%\, In 2009, a study
carried out to analyse the effect of vancomycin MIC on
the outcome of MRSA endocarditis, revealed persistent
bacteraemia, heart failure and mortality were
associated to vancomycin MIC > 1.5 ug/mL®". More
recently described, higher vancomycin MIC left-sided
MSSA endocarditis were more frequently associated
with systemic emboli and a higher in-hospital and one-
year mortality. In this study, patients with endocarditis
by a MSSA strains with a vancomycin MIC = 1.5 ug/mL
(determined by E-test) had 3-fold higher mortality (OR
= 3.1; 95%CI: 1.2-8.2)®",

Evidence that the mechanisms underlying worse
clinical outcomes in high-MIC VSSA infections go beyond
antibiotic failure was given in a recent multi-centre
observational cohort study of 532 S. aureus bacteraemic
patients”?. In this study, increasing vancomycin MIC
was associated with increased mortality in vancomycin-
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Table 2 Treatment recommendations in Staphylococcus aureus with reduced vancomycin susceptibility infections'

General recommendations

Removal of indwelling hardware (prosthetic devices, surgical material, intravascular catheter, efc.)

Surgical debridement of infected wounds and abscess drainage

Follow specific guidelines and local protocols, based on infection site, for treatment duration decisions

Antibiotic treatment considerations

Vancomycin If used aim: AUCo-2:/MIC = 400 or trough blood concentrations of 15-20 mg/L

Careful monitoring of renal function is imperative
Daptomycin

Bactericidal. Good results with VISA and VRSA endovascular infections

Consider administration of higher doses (i.e., 10 mg/kg per day) in severe infections and if vancomycin MIC > 2 ug/mL (including VISA)?

Consider synergic combinations (i.e., cloxacillin, aminoglycosides, betalactans, fosfomycin) in infections involving high inoculum (as in IE)

and prosthetic devises

It is inhibited by pulmonary surfactant, therefore should be avoided in SA respiratory or lung infections

Monitor CK and liver function

Linezolid Bacteriostatic

Protein synthesis inhibitor. Inhibits bacterial toxin synthesis

High tissue bioavailability

Good results in SSTI and pneumonia (including VAP)
Oral formulation with similar bioavailability
Myelotoxicity: Monitor CBC

Severe interactions with SSRIs and MAQIs, must not be given simultaneously

Tigecycline

Low plasma concentrations. Bacteriostatic. Avoid monotherapy

'Treatment recomendations for SA with reduced vancomycin susceptibility usually take methicillin resistance for granted. If the strain were methicillin

sensitive, the latter would be the treatment of choice; “In VISA and SA with MIC > 2 ug/mL, worse results with lower daptomycin doses have been
observed, probably related to cell wall thickness changes in these strains. AUC: Area under the curve; MIC: Minimum inhibitory concentration; VISA:

Vancomycin-intermediate Staphylococcus aureus; VRSA: Vancomycin-resistant Staphylococcus aureus; IE: Infective endocarditis; SA: Staphylococcus aureus;

CK: Creatinine kinase; SSTI: Skin and soft tissue infections; VAP: Ventilator associated pneumonia; CBC: Complete blood count; SSRI: Selective serotonine

reuptake inhibitor; MAOI: Monoamine oxidase inhibitor.

treated patients. Moreover, even in patients with MSSA
bacteraemia treated with flucloxacillin, mortality was
higher if the vancomycin (Etest) MIC of their isolate
was > 1.5 ug /mL, compared with those with lower MIC
isolates (26.8% vs 12.2%; P < 0.001). These results
suggest that apart from antibiotic choice, other factors
(clinical and microbiological) might be crucial in patient
outcome.

Interestingly, despite previous information about
poorer prognosis associated to elevated vancomycin
MIC, these strains have been found to be associated
with a diminished inflammatory response, and therefore
less incidence of septic shock. This suggests these
strains could have alterations in their pathogenic activity
and virulence'®’?, Peleg studied the pathogenesis of
S. aureus infections using Galleria mellonella. Using
both clinical and laboratory strains, they demonstrated
that with the evolution of reduced susceptibility to
vancomycin, the virulence of S. aureus becomes attenu-
ated. The degree to which virulence is attenuated
appears to be proportional to the vancomycin MIC,

Therefore the arguments linking vancomycin
resistance with both reduced bacterial fitness and
increased virulence, are yet to be proved, and more studies
are needed to determine their clinical significance'.

Other virulence and prognostic factors in S. aureus
infections that have taken a leading role are the
expression and function of certain genes. The dysfun-
ction of accessory gene regulator (agr), has been
found to possibly play a key role in MRSA virulence,
and seems related to vancomycin resistance. The agr
locus is in charge of regulating the expression of certain
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virulence genes and other constitutive genes, required
for the maintenance of basic cellular function. The
overexpression of agr increases the toxin production
and reduces the expression of cell surface adhesins®®.
The agr locus dysfunction has been associated with
reduced vancomycin susceptibility®®®, persistent MRSA
bacteraemia®*®*, and increased mortality®!, and
has been considered a subrogated marker of health-
care associated situations. However more studies and
investigations are needed to establish the impact of
these findings and the possible consequences derived
in daily clinical practice (treatment modifications it
could imply, invasive procedures to asses, etc. ).
Overall, there seems to be numerous studies and
data indicating that elevated vancomycin MIC in both
methicillin resistant and sensitive VSSA, could be a
subrogated virulence marker, however, these results are
yet controversial, and have not been universally proven.
In this realm of controversy, evidence based clinical
decisions seem like an arduous and complicated task.

ALTERNATIVE THERAPIES FOR MRSA
AND MSSA INFECTIONS WITH REDUCED

VANCOMYCIN SUSCEPTIBILITY (TABLE 2)

Clinical approach to S. aureus with > 1.5 vancomycin
MIC infections

Up to now, there is no evidence-based unified
clinical approach for patients with S. aureus infections
that have an elevated vancomycin MIC within the
sensitivity thresholds (MIC = 1.5 pg/mL). If the
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Table 3 Infection control recommendations for patients colonized or infected by drug-resistant Staphylococcus aureus (vancomycin-

intermediate Staphylococcus aureus, vancomycin-resistant Staphylococcus aureus, and methicillin-resistant Staphylococcus aureus,
Centers for Disease Control and Prevention recommendations')

Spread prevention
Isolate patient in a private room
Facilitate gowns and gloves to enter the room
Facilitate mask protection
If risk of aerosol spread consider mask use

Practice hand hygiene with an antibacterial agent (preferably chlorhexidine-based soaps or solutions)

Avoid sharing equipment among patients

Continue isolation until results of tests of nares and infected sites are negative 3 times over 3 wk (including hospital readmission)

Minimize number of staff caring for patient
Educate staff about appropriate precautions and assess compliance
Infection control in nosocomial spread and evaluation

Perform baseline and weekly cultures of hands and nares of healthcare workers in charge of index patient
Consider baseline and weekly cultures for other healthcare workers and persons with extensive contact

Decolonize index patient and healthcare workers with topical mupirocine
Consider avoiding direct patient-contact of colonized healthcare workers until negative culture

!Centers for Disease Control and Prevention Healthcare-associated Infections recommendations and guidelines (http://www.cdc.gov/HAI/prevent/

prevent_pubs.html).

decision were to use vancomycin, it seems crucial to
beware of the different formulas to attain adequate
AUC/MIC targets. More studies are needed to consider
the contrasting efficacy of other antibiotic treatments in
this situation.

The possibility of it being a surrogated virulence
marker possibly implies these cases should be up-
scored in the severity scale, and this awareness should
be maintained for clinical decision-making. Current
recommendations include patient isolation and infection
control policies, similar to other cases of multi-drug
resistant microorganisms infections or colonization
(Table 3), However there are no present studies that
define specific indications or clinical algorithms in these
cases.

New drugs for MRSA

Daptomycin: Resistance to daptomycin (MIC = 1
Mg/mL) is infrequent and the strains that have shown
elevated MIC have been found to have mutations
associated with cell membrane structure and cell wall
thickness (mprF, yycFG). This has been more frequently
observed in VISA strains with a lower sensitivity to
glycopeptides™®'.

The main concern with the use of daptomycin is the
emergence of resistance in the course of treatment.
This problem seems to appears more frequently in
cases where daptomycin is introduced as rescue treat-
ment after vancomycin has failed or in cases of hVISA
or VISA infections™, A study carried out in the United
States observed a correlation between S. aureus
strains with reduced vancomycin-susceptibility and the
emergence of intra-treatment daptomycin resistance.
This was especially found in cases of MRSA infections
with vancomycin MIC of 4 pg/mL or greater®”.

Given that daptomycin’s mechanism of action is
unique, there doesn’t seem to be crossed resistance
with other antibiotics. Nevertheless, some studies
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have observed that S. aureus with higher vancomycin-
MIC (4-16 ug/mL) also show reduced sensitivity to
daptomycin®!, In those strains with vancomycin
MIC 4-16 ug/mL, daptomycin MIC was = 2 ug/mL,
and therefore would fall over the sensitive threshold.
However, vanA resistance to vancomycin does not affect
daptomycin sensitivity®®!. In short, reduced vancomycin
MIC is a call for awareness and precaution before using
daptomycin in S. aureus infections. In these cases it
would be important to know precise daptomycin MIC
(broth micro-dilution or Etest) before starting this
treatment.

In order to overcome these difficulties and to
increase the bacterial-killing activity, it has been
recommended to use higher doses of daptomycin in
high risk infections (8-10 mg/kg per day) and up to
now there has not been more toxicity associated to
these doses in healthy volunteers treated for 14 d'®.
Another possible option that is lately being considered,
especially in infections that involve prosthetic materials
is the use of daptomycin in combination with other
antibiotics. The combination with aminoglycosides and
rifampin, has shown to be synergic®®”. Other synergic
combinations in experimental models and in preliminary
studies with promising results are, cloxacillin®*! other
betalactams®* and fosfomycin®?!. These options
have been mainly studied for MRSA infections and
for prosthetic devices associated infections. Future
guidelines may contemplate treatment of MRSA
infections with borderline vancomycin susceptibility
with any of such combinations.

Linezolid: The main disadvantages of using linezolid
for high-risk infections that need antibiotic therapy
for an extended period of time (i.e., endocarditis)
are that it is a bacteriostatic anti-staphylococcal and
its myelotoxicity. On the other hand, it offers the
advantage of the possibility of oral administration and
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has high tissue distribution. In an endocarditis study,
linezolid was effective in 4 out of 8 patients (50%)
with IE by VISA (MIC 2-4 ug/mL) that had failed with
vancomycin®!., In another retrospective study, 70%
(of 22 patients) with MRSA IE that received linezolid
because of failure of vancomycin or as sequential oral
treatment were cured®”. Sequential treatment showed
100% cure rate in 8 patients with MRSA IE with early
valve surgical replacement (mean 5 d). Linezolid
was administered from the fifth day onwards during
approximately 3 wk®, Therefore, linezolid is an option
for selected IE cases, when other treatments fail, or in
patients that have intolerance to other treatments.

MRSA resistance to linezolid was first described
associated to ribosomal mutations, and recently it has
been described related to the appearance of cfr (for
chloramphenicol-florfenicol resistance gene) gene.
This is a plasmid-borne methyltransferase-mediated
resistance mechanism that leads to resistance to
various antibiotics, as well as linezolid®®!%, This
gene is responsible for the synthesis of a methylase
that interferes with 23S rRNA. Hospital outbreaks of
linezolid-resistant infections have been associated to
these mutations.

Other: There is little clinical experience in the treatment
of MRSA severe infections (such as endocarditis or
pneumonia) with the “new” glycopeptides such as
dalbavancin, oritavancin or telavancin, with tigecycline,
or with the new cephalosporins (ceftobiprole or
ceftaroline). However the majority of these drugs have
shown potential efficacy in experimental models!*®**%,

In two recently published trials oritavancin and
dalbavancin, showed to be non-inferior to vancomycin
and linezolid for the treatment of skin and soft tissue
infections (SSTI). These new glycopeptides offer
unusual pharmacodynamic and pharmacokinetic pro-
perties that allow treating once or twice a week, as
has been proved in skin and soft tissue infections,
however more studies are needed for other sources
of infection!’®”!%®), Telavancin is approved for the
treatment of adult patients with complicated SSTIs
and nosocomial pneumonia caused by gram-positive
bacteria, including MRSA, when no other options are
available. Up to now, the use of telavancin is restricted
to MRSA infections with a vancomycin MIC = 1 ug/mL,
hVISA infections, lack of response to vancomycin
treatment or patients who do not tolerate other antista-
phylococcal antibiotics™®.

Tigecycline is a semisynthetic drug derived of
minocycline. Being a broad spectrum antibiotic, it has
anti gram-positive and gram-negative activity™'®.
Drawbacks to the use of tigecycline in bloodstream
infections come from both, intrinsic drug characteristics
and clinical experience. It is a bacteriostatic antibiotic
and it reaches high tissue concentration but low
concentration in plasma. Moreover, in previous studies
it has been associated to worse prognosis and higher
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mortality rates in patients with severe infections.
Consequently, tigecycline is not normally recommended
as a first line antibiotic for bloodstream or severe MRSA
infectionst*****?,

Ceftaroline-fosamil is a cephalosporin with anti-
MRSA activity™**), In two clinical trials comparing
ceftaroline with vancomycin plus aztreonam for SSTIs,
they found treatments were comparable!**, There is
still little experience in the use of ceftaroline in other
sources of MRSA infections.

Ceftobiprole is a new cephalosporin, that shows a
broad-spectrum and strong bactericidal activity even
for MRSA™ ™). Ceftobiprole has high affinity for PBP2a
(main PBP responsible for methicillin resistance), and
is also stable to class A penicillinases, thence its good
anti-MRSA activity™™®. In an animal MRSA endocarditis
model, ceftobiprole was found superior to vancomycin,
daptomycin, and linezolid™',

Combination therapies

Rifampin and gentamycin are the two antibiotics that
have most frequently been associated to vancomycin.
The use of rifampin is based on its activity against S.
aureus in stationary phase. However this synergy has
not been proved in vitro™’**® and the clinical benefits
of adding rifampin to vancomycin in the treatment of
MRSA IE hasn't been proved either’*?). The association
of vancomycin and an aminoglycoside has been found
synergic™” and is therefore contemplated in patients
with persistent bacteraemia. However this association
hasn’t proved a lower mortality rate in IE, and it has
shown increased nephrotoxicity'™?", so it probably
shouldn’t be held as a first option treatment.

The combination of vancomycin and linezolid, both
in vitro and in vivo, is indifferent or possibly antago-
nistic"??!, There are experimental studies™®*! and a
scarce clinical experience™* that showed that the
combination of vancomycin and quinupristin-dalfopristin
was synergic, safe and useful for the treatment of 5
patients with severe MRSA infections.

There is scarce evidence about possible antibiotic
combinations with linezolid, and results are contradictory.
In vitro studies have shown decreased antibiotic activity
of both gentamycin and vancomycin when associated
to linezolid***!. On the other hand, in animal models
of IE they observed advantages in the combination of
linezolid and gentamycin vs only linezolid™*®. Synergic
combinations of linezolid with ertapenem and imipenem
have also been communicated, both in vitro, and
in experimental endocarditis models. However this
association only is observed if the carbapenem is given
in sub-inhibitory doses, whereas therapeutic doses
decreases linezolid's antibiotic activity™”.

Daptomycin at a dose of 10 mg/kg per day (and
perhaps higher) may be more effective than the
currently approved 6 mg/kg per day dose for severe S.
aureus infections caused by non-susceptible strains (i.e.,
those with MICs of > 1 ug/mL)"*®\. In an experimental
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animal aortic valve MRSA endocarditis model, com-
binations of daptomycin with an aminoglycoside or
rifampin didn’t show synergy"*’.

While fosfomycin is Food and Drug Administration
approved only for the treatment of uncomplicated
urinary tract infections, it has demonstrated good
antimicrobial activity against a broad spectrum of
pathogens, including MSSA and MRSA™®. Fosfomycin,
which acts by inhibition of an early step in cell wall
synthesis, has been used successfully in combination
with beta-lactams to treat severe staphylococcal
infections'". It also shows in vitro synergy when
combined with daptomycin!**?!. Three cases have
been recently published where they observe that the
in vitro combination of high doses of daptomycin plus
fosfomycin can be effective in the treatment of both
native- and prosthetic-valve endocarditis caused by
MSSA or MRSA™,

CONCLUSION

MRSA proves to be a persistently lurking microorganism
underlying both community and healthcare associated
infection. The emergence of increasing vancomycin
resistance patterns and the different consequences
derived have created a new area of uncertainty in the
clinical and therapeutic approach to these infections.
More studies and trials are needed in order to better
define these issues.
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Abstract

The emergence of daptomycin non-susceptible enter-
ococci (DNSE) poses both treatment and infection control
challenges. Clinicians should be vigilant that DNSE may
be isolated from patients with or without (de novo
DNSE) prior use of daptomycin. Recent epidemiological
data suggest the presence of a community reservoir
for DNSE which may be associated with environmental,
foodborne and agricultural exposures. The mechanisms
of nonsusceptibility to daptomycin have not been well
characterized and may not parallel those for Staphy-
lococcus aureus. The identification of daptomycin
resistance genes in anaerobes, in farm animals and in
an ecosystem that has been isolated for million years,
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suggest that the environmental reservoir for de novo
DNSE may be larger than previously thought. Herein,
the limited available scientific evidence regarding the
possible origin of de novo DNSE is discussed. The
current existing evidence is not sufficient to draw firm
conclusions on the origin of DNSE. Further studies to
determine the mechanisms of de novo daptomycin
nonsusceptibility among enterococci are needed.

Key words: Daptomycin non-susceptible enterococci;
Antimicrobial resistance; Environmental reservoir
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Core tip: Daptomycin non-susceptible enterococci
(DNSE) is an emerging clinical problem and may be
isolated from patients with or without (de novo DNSE)
prior exposure to daptomycin. Recent epidemiological
data suggest the presence of a community reservoir
for DNSE which may be associated with environmental,
foodborne and agricultural exposures and may be
larger than previously thought. Herein, the limited
available scientific evidence regarding the possible
origin of de novo DNSE is discussed. Further studies
to determine the mechanisms of de novo daptomycin
nonsusceptibility among enterococci are needed.
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INTRODUCTION

Antibiotic resistance is a major threat to human health™.
Multidrug-resistant organisms such as vancomycin-
resistant enterococci (VRE) may increase morbidity and
mortality!). Daptomycin has bactericidal activity against
VRE. However, daptomycin non-susceptible enterococci
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(DNSE) are difficult to treat and clinicians often have
limited treatment options!®.. Enterococci with daptomycin
MIC > 4 ug/mL are non-susceptible, according to
the Clinical Laboratory Standards Institute!® and
the Food and Drug Administration®!. Although most
DNSE isolates develop after daptomycin therapy they
have also emerged in subjects with no prior use of
daptomycin®'. Elucidating the origin of de novo DNSE
infections may help us understand mechanisms of
daptomycin non-susceptibility. Herein, the available
scientific evidence regarding the possible origin of de
novo DNSE is reviewed.

DNSE may develop without prior use of daptomycin
Spontaneous emergence of daptomycin non suscep-
tibility in vitro is rare”. Although DNSE usually emerge
in the setting of daptomycin therapy™ DNSE have
also been identified in subjects without prior use of
daptomycin® and daptomycin use may not be a risk
factor for DNSE in a case control study™”. The risk
factors related to emergence of de novo DNSE remain
unclear.

FACTORS THAT ARE ASSOCIATED
WITH DEVELOPMENT OF DNSE

OVERALL PREVALENCE OF DNSE IS
LOW

Despite initial in vitro studies that emergence of
DNSE is rare®®', recent studies suggest that DNSE
is an emerging infection™™. In large surveys of clinical
isolates less than 0.6% of Enterococcus faecalis
(E. faecalis) or E. faecium isolates were DNSE™! ™%,
However, there is lack of data on daptomycin non-
susceptible enterococcus isolates from international
and national programs™. In a recent literature review,
DNSE were present in 0.6% of all enterococci isolates
(range 0%-19.1%)"™ and out of 150 DNSE isolates,
93.3% were vancomycin resistant enterococci (VRE),
6.0% were vancomycin susceptible enterococci (VSE),
88% were E. faecium and 8.7% were E. faecalis™.
Most DNSE isolates were reported in Asia (40.3%)
and in Europe (34%) while 26% of isolates were
reported in North America'®’. Reporting bias, use of
different susceptibility testing method among clinical
microbiology laboratories such as MicroScan and
presence of clones may overestimate the detection of
DNSE"®?!!, Thus, the overall prevalence of DNSE was
low.

MECHANISMS OF EMERGENCE
OF DAPTOMYCIN RESISTANCE IN
ENTEROCOCCI ARE COMPLEX

The mechanisms for daptomycin nonsusceptibility in
enterococci are different than in staphylococci and are
poorly-understood™>", Whole-genome sequencing
of DNSEP** suggest that few genetic mutations may
be adequate to induce daptomycin non-susceptibility.
Compared to their susceptible counterparts DNSE
isolates have mutations in stress response regula-
tors (such as the LiaFSR, yycG and YybT regulatory
systems)****!  phospholipid composition regulators
[such as cardiolipin synthase (Cls), glycerophosphoryl
diester phosphodiesterase (GdpD), cyclopropane fatty
acid synthase (Cfa)]*”***%, and phenotypic changes
such as reduced cell membrane fluidity!*****"*" and
increased septation (via Ezr A)P%Y,
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Host factors related to isolation of DNSE

In a review of DNSE isolates, the source patients were
54.6 years on an average and 62.5% of them were
female!®. Factors that may contribute to emergence
of DNSE include a source of DNSE infection such as
abscess'®, an intra-abdominal pathological process,
recent surgery, a lengthy exposure to daptomycin®**4,
immunosuppression and pharmacokinetics™®' and
suboptimal drug levels among patients with end stage
renal disease' ), Observations from a case report
suggested that chronic severe hypocalcemia in one
patient may have contributed to the even lower calcium
levels at the nidus of DNSE infection (abscesses)®?,
which may precipitate a loss of daptomycin activity™®.
Thus, DNSE may occur in the context of the above
disorders and only few mutations may occur in DNSE®?.,

Antimicrobial exposure may also be a risk factor for
emergence of DNSE

Recent case controls studies with DNSE isolates have
identified that many risk factors for emergence of VRE,
including recent antimicrobial exposure, and increased
hospitalization, were also present in the majority of DNSE
cases*”, Recent use of vancomycin, cephalosporins, or
antibiotics active against anaerobes is associated with
isolation of both VRE and DNSE™. VRE often causes
colonize the colon®* and vancomycin resistant®
and daptomycin resistant gut anaerobes have been
identified™, Resistance to vancomycin in gram-positive
bacteria did not affect daptomycin activity®®*. Finally,
multiple comorbidities, immunosuppression, and prior
exposures to antimicrobials such as metronidazole and
cephalosporins were independently associated with the
isolation of DNSE (VRE) in a recent study™*?.

Exposure to daptomycin has may contribute to
emergence of DNSE especially in the setting of end
stage renal disease

Although previous studies suggest that daptomycin
resistance develops during treatment, MICs for dapto-
mycin were often not reported™®. In a review of DNSE
isolates, the dose and duration of daptomycin that
was administered prior to isolation of DNSE®. In one
study, daptomycin-exposed DNSE patients received an
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average of 44.9 d of daptomycin therapy'*®. Patients
with end stage renal disease have lower Cmax for
daptomycin compared to healthy subjects™ and the
concentrations of daptomycin used in these patients
may be relatively low™ >, Thus, more research
should determine the optimal dosage and frequency of
daptomycin administration in patients with end stage
renal disease!**** since enterococci may become DNSE
rapidly™,

FACTORS RELATED TO ISOLATION OF
DE NOVO DNSE

Limited data suggest that host factors are not known to
be related to isolation of de novo DNSE

We found no significant differences in terms of age, sex
and underlying immunosuppressive illnesses between
patients with de novo DNSE infections and DNSE
infections following exposure to daptomycin'*®’,

Environmental factors related to emergence of de novo
DNSE

In our series, 45% of patients with DNSE had no prior
use of daptomycin and clonally-related DNSE were
isolated in patients with no prior hospitalization™*!
suggesting an environmental reservoir of DNSE™.,
Shorter duration of hospitalization, less frequent expo-
sure to antimicrobials associated with isolation of
VRE, were associated with de novo DNSE infection™*’
but since DNSE may persist for years®™, nosocomial
acquisition of DNSE is possible. Factors that may
contribute to formation of an environmental reservoir
of DNSE include exchange of genetic material between
enterococci, soil bacteria and bacteria of animal origin,
foodborne origin of DNSE and agricultural exposures of
humans to DNSE.

Transfer of genes that determine antimicrobial
resistance between soil bacteria and DNSE may
contribute to emergence of de novo DNSE

Daptomycin resistance genes were found in bacteria
from an ancient ecosystem™®”, Soil actinomycetes may
inactivate daptomycin®®” and we have also identified
found mutations in DNSE isolates in genes that are also
present in soil bacteria®™. Soil bacteria and enterococci
may exchange genetic material®®. However in another
study, mechanisms of inactivation of daptomycin
found in soil bacteria were not identified in DNSE E.
faecium™. Thus, it remained to be elucidated whether
the interplay between soil bacteria and enterococci may
contribute to emergence of DNSE.

Bacteria in animals may mediate acquired daptomycin
resistance in enterococci

Humans and animals may exchange daptomycin
resistance genes and this may lead to emergence of de
novo DNSE™, The gut of humans and most animals

Roaishidenge ~ WJCID | www.wjgnet.com

32

harbors enterococci and VRE can spread from farm
animals’®®, Enterococci of animal origin may transfer
antimicrobial resistance genes to other enterococci®®.
Recombination between repetitive nucleotide seque-
ncesP% that may encode resistance cassettes in
enterococci®*®**! may contribute to emergence of
DNSE. Finally, we also found similar nucleotide mutations
in genes that are common between DNSE and bacteria
found in poultry¢7¢%],

Limited data suggest that DNSE infections in humans
may be foodborne

DNSE may have passed to humans via ingestion of
meat™. Up to 25% of enterococci isolated from beef
were DNSE™!. Daptomycin resistant Enterococci
were recently identified in cows”’\. E. faecalis may
harbor resistance genes and can be passed to humans
through meat consumption”". Poultry might be a
source for E. faecalis infections”? and may harbor
E. gallinarum/?" which may also be daptomycin non-
susceptible®®’. Similarly, all three de novo urine DNSE
isolates, were E. faecalis, may cause zoonosis'’*. In
our study 4/9 (44.4%) subjects with de novo DNSE
infections reported consumption of beef®. Thus, it
remains to be shown whether DNSE may be foodborne
pathogenes™*®,

Limited data from epidemiological studies and case
series suggest that DNSE may have a zoonotic potential
Humans who are exposed to farm animals may be at
risk increase to be colonized with multidrug resistant
bacteria”®. We found that in contrast to patients with
daptomycin-exposed DNSE, the majority (78%) of
de novo DNSE infections lived in areas with increased
prevalence of agricultural exposures”®. In our study
of de novo DNSE infections 33.3% of patients had
prior exposure to farm animals®®. Thus, further epide-
miological studies need to confirm if it is possible that
exposure of humans to farm animals may increase the
risk for isolation of DNSE®?,

Limited data from observational studies suggest that
transfer of genes that determine antimicrobial resistance
between anaerobes and DNSE may contribute to
emergence of de novo DNSE

Enterococci and anaerobes are gastrointestinal tract
flora in humans and may exchange antibiotic resistance
genes!”””®, Mutations in phospholipid biosynthesis and
lac operon expression exist in facultative anaerobic”®!
and anaerobic bacteria®’ may also lead to emergence
of DNSEP*, In addition, the use of antibiotics with
activity against anaerobes may increase the spread of
VRE and DNSE®! while recent use of metronidazole
may be a risk factor for emergence of DNSE"?. Use
of prior antibiotics with activity against anaerobes was
found less in patients with de novo DNSE compared
to daptomycin-exposed patients with DNSE infec-
tion™*, Finally, daptomycin nonsusceptibility has been
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described in anaerobes™. Thus, further studies need

to confirm that the cross talk among anaerobic bacteria
and enterococci may contribute to dissemination of
DNSE®,

CONCLUSION

Treatment of DNSE infections is a challenge for clini-
cians. Daptomycin non-susceptible enterococcal strains
may develop after exposure to daptomycin. Since
DNSE are usually isolated from patients with many
comorbidities such as immunocompromised and end
stage renal disease patients, strict infection control
and prudent use of daptomycin are needed for these
patients to limit the emergence and spread of DNSE.

However, DNSE may emerge without prior use of
daptomycin. Recent epidemiological data suggest the
presence of a community reservoir for DNSE which
may be associated with environmental, foodborne
and agricultural exposures. The mechanisms of develo-
pment of daptomycin resistance remain unclear. The
identification of daptomycin resistance genes in an
ancient ecosystem™”, in anaerobes™ and in farm
animals”” suggest that the environmental reservoir
for de novo DNSE may be larger than previously
thought. In most of the studies with reported DNSE
isolates complete medical records were not reviewed
and interview of patients was not performed and thus
potentially relevant occupational or dietary exposures
among patients with DNSE were not identified.
Epidemiological investigations focused on environmental
exposures in the community may help elucidate the
origin of de novo DNSE. Further studies to identify the
mechanisms of de novo daptomycin nonsusceptibility in
enterococci are needed.

REFERENCES

1 Eliopoulos GM. Microbiology of drugs for treating multiply drug-
resistant Gram-positive bacteria. J Infect 2009; 59 Suppl 1: S17-S24
[PMID: 19766885 DOI: 10.1016/S0163-4453]

2 Kelesidis T, Humphries R, Uslan DZ, Pegues DA. Daptomycin
nonsusceptible enterococci: an emerging challenge for clinicians.
Clin Infect Dis 2011; 52: 228-234 [PMID: 21288849 DOI: 10.1093/
cid/ciq113]

3 Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing; Twentieth
Informational Supplement [assessed 2012 Jan]. Available
from: URL: http://antimicrobianos.com.ar/ATB/wp-content/
uploads/2012/11/M100S22E.pdf

4  Humphries RM, Pollett S, Sakoulas G. A current perspective
on daptomycin for the clinical microbiologist. Clin Microbiol
Rev 2013; 26: 759-780 [PMID: 24092854 DOI: 10.1128/
CMR.00030-13]

5 Kelesidis T, Humphries R, Uslan DZ, Pegues D. De novo
daptomycin-nonsusceptible enterococcal infections. Emerg
Infect Dis 2012; 18: 674-676 [PMID: 22469288 DOI: 10.3201/
¢id1804.110932]

6 Debono M, Abbott BJ, Molloy RM, Fukuda DS, Hunt AH, Daupert
VM, Counter FT, Ott JL, Carrell CB, Howard LC. Enzymatic and
chemical modifications of lipopeptide antibiotic A21978C: the
synthesis and evaluation of daptomycin (LY 146032). J Antibiot

Roaishidenge ~ WJCID | www.wjgnet.com

33

10

11

12

13

14

15

16

17

18

19

20

(Tokyo) 1988; 41: 1093-1105 [PMID: 2844711 DOI: 10.7164/antib-
iotics.41.1093]

Carpenter CF, Chambers HF. Daptomycin: another novel agent for
treating infections due to drug-resistant gram-positive pathogens.
Clin Infect Dis 2004; 38: 994-1000 [PMID: 15034832 DOI:
10.1086/383472]

Debbia E, Pesce A, Schito GC. In vitro activity of LY 146032 alone
and in combination with other antibiotics against gram-positive
bacteria. Antimicrob Agents Chemother 1988; 32: 279-281 [PMID:
2834999 DOI: 10.1128/AAC.32.2.279]

Leclercq R, Bingen E, Su QH, Lambert-Zechovski N, Courvalin
P, Duval J. Effects of combinations of beta-lactams, daptomycin,
gentamicin, and glycopeptides against glycopeptide-resistant
enterococci. Antimicrob Agents Chemother 1991; 35: 92-98 [PMID:
1849711 DOLI: 10.1128/AAC.35.1.92]

Louie A, Baltch AL, Ritz WJ, Smith RP, Asperilla M. Comparison
of in vitro inhibitory and bactericidal activities of daptomycin (LY
146032) and four reference antibiotics, singly and in combination,
against gentamicin-susceptible and high-level-gentamicin-resistant
enterococci. Chemotherapy 1993; 39: 302-309 [PMID: 8396526
DOI: 10.1159/000239141]

Sader HS, Moect GJ, Farrell DJ, Jones RN. Antimicrobial
susceptibility of daptomycin and comparator agents tested against
methicillin-resistant Staphylococcus aureus and vancomycin-resistant
enterococci: trend analysis of a 6-year period in US medical centers
(2005-2010). Diagn Microbiol Infect Dis 2011; 70: 412-416 [PMID:
21546202 DOI: 10.1016/j.diagmicrobio.2011.02.008]

Pfaller MA, Sader HS, Jones RN. Evaluation of the in vitro activity
of daptomycin against 19615 clinical isolates of Gram-positive
cocci collected in North American hospitals (2002-2005). Diagn
Microbiol Infect Dis 2007; 57: 459-465 [PMID: 17240105 DOI:
10.1016/j.diagmicrobio.2006.10.007]

Sader HS, Jones RN, Stilwell MG, Dowzicky MJ, Fritsche TR.
Tigecycline activity tested against 26,474 bloodstream infection
isolates: a collection from 6 continents. Diagn Microbiol Infect Dis
2005; 52: 181-186 [PMID: 16105562 DOI: 10.1016/j.diagmicrobio.20
05.05.005]

Sader HS, Fritsche TR, Streit JM, Jones RN. Daptomycin in vitro
activity tested against Gram-positive strains collected from European
and Latin American medical centers in 2003. J Chemother 2005; 17:
477-483 [PMID: 16323435 DOI: 10.1179/joc.2005.17.5.477]

Sader HS, Flamm RK, Jones RN. Antimicrobial activity of
daptomycin tested against Gram-positive pathogens collected in
Europe, Latin America, and selected countries in the Asia-Pacific
Region (2011). Diagn Microbiol Infect Dis 2013; 75: 417-422
[PMID: 23514757 DOLI: 10.1016/j.diagmicrobio.2013.01.001]
Wang JT, Chen YC, Chang SC, Chen ML, Pan HJ, Chang Y'Y, Sun
CC, Wang LH, Wang SH, Lin HC, Chien SF, Tseng MS. Control
of vancomycin-resistant enterococci in a hospital: a five-year
experience in a Taiwanese teaching hospital. J Hosp Infect 2004;
58: 97-103 [PMID: 15474179 DOI: 10.1016/j.jhin.2004.06.005]
Edelsberg J, Weycker D, Barron R, Li X, Wu H, Oster G, Badre S,
Langeberg WJ, Weber DJ. Prevalence of antibiotic resistance in US
hospitals. Diagn Microbiol Infect Dis 2014; 78: 255-262 [PMID:
24360267 DOI: 10.1016/j.diagmicrobio.2013.11.011]

Biedenbach DJ, Bell JM, Sader HS, Fritsche TR, Jones RN,
Turnidge JD. Antimicrobial susceptibility of Gram-positive
bacterial isolates from the Asia-Pacific region and an in vitro
evaluation of the bactericidal activity of daptomycin, vancomycin,
and teicoplanin: a SENTRY Program Report (2003-2004). Int J
Antimicrob Agents 2007; 30: 143-149 [PMID: 17531446 DOI:
10.1016/j.ijantimicag.2007.03.015]

Snydman DR, McDermott LA, Jacobus NV. Evaluation of in
vitro interaction of daptomycin with gentamicin or beta-lactam
antibiotics against Staphylococcus aureus and Enterococci by FIC
index and timed-kill curves. J Chemother 2005; 17: 614-621 [PMID:
16433191 DOI: 10.1179/j0c.2005.17.6.614]

Fluit AC, Schmitz FJ, Verhoef J, Milatovic D. Daptomycin in
vitro susceptibility in European Gram-positive clinical isolates.
Int J Antimicrob Agents 2004; 24: 59-66 [PMID: 15225863 DOI:

May 25,2015 | Volume 5 | Issue2 |



21

22

23

24

25

26

27

28

29

30

31

32

33

34

JBaishideng®

Kelesidis T. De novo daptomycin non susceptible enterococci

10.1016/j.ijantimicag.2003.12.014]

Bryant KA, Roberts AL, Rupp ME, Anderson JR, Lyden ER,
Fey PD, Van Schooneveld TC. Susceptibility of enterococci
to daptomycin is dependent upon testing methodology. Diagn
Microbiol Infect Dis 2013; 76: 497-501 [PMID: 23719086 DOI:
10.1016/j.diagmicrobio.2013.04.019]

Montero CI, Stock F, Murray PR. Mechanisms of resistance
to daptomycin in Enterococcus faecium. Antimicrob Agents
Chemother 2008; 52: 1167-1170 [PMID: 18180351 DOI: 10.1128/
AAC.00774-07]

Critchley IA, Blosser-Middleton RS, Jones ME, Thornsberry
C, Sahm DF, Karlowsky JA. Baseline study to determine in
vitro activities of daptomycin against gram-positive pathogens
isolated in the United States in 2000-2001. Antimicrob Agents
Chemother 2003; 47: 1689-1693 [PMID: 12709341 DOI: 10.1128/
AAC.47.5.1689-1693.2003]

Silverman JA, Oliver N, Andrew T, Li T. Resistance studies with
daptomycin. Antimicrob Agents Chemother 2001; 45: 1799-1802
[PMID: 11353628 DOI: 10.1128/AAC.45.6.1799-1802.2001]
Friedman L, Alder JD, Silverman JA. Genetic changes
that correlate with reduced susceptibility to daptomycin in
Staphylococcus aureus. Antimicrob Agents Chemother 2006; 50:
2137-2145 [PMID: 16723576 DOI: 10.1128/AAC.00039-06]
Sakoulas G, Alder J, Thauvin-Eliopoulos C, Moellering RC,
Eliopoulos GM. Induction of daptomycin heterogeneous
susceptibility in Staphylococcus aureus by exposure to vancomycin.
Antimicrob Agents Chemother 2006; 50: 1581-1585 [PMID:
16569891 DOI: 10.1128/AAC.50.4.1581-1585.2006]

Sakoulas G, Bayer AS, Pogliano J, Tsuji BT, Yang SJ, Mishra NN,
Nizet V, Yeaman MR, Moise PA. Ampicillin enhances daptomycin-
and cationic host defense peptide-mediated killing of ampicillin-
and vancomycin-resistant Enterococcus faecium. Antimicrob Agents
Chemother 2012; 56: 838-844 [PMID: 22123698 DOI: 10.1128/
AAC.05551-11]

Mishra NN, Bayer AS, Tran TT, Shamoo Y, Mileykovskaya
E, Dowhan W, Guan Z, Arias CA. Daptomycin resistance in
enterococci is associated with distinct alterations of cell membrane
phospholipid content. PLoS One 2012; 7: €43958 [PMID: 22952824
DOI: 10.1371/journal.pone.0043958]

Munita JM, Panesso D, Diaz L, Tran TT, Reyes J, Wanger A,
Murray BE, Arias CA. Correlation between mutations in liaFSR
of Enterococcus faecium and MIC of daptomycin: revisiting
daptomycin breakpoints. Antimicrob Agents Chemother 2012; 56:
4354-4359 [PMID: 22664970 DOI: 10.1128/AAC.00509-12]

Arias CA, Panesso D, McGrath DM, Qin X, Mojica MF, Miller C,
Diaz L, Tran TT, Rincon S, Barbu EM, Reyes J, Roh JH, Lobos E,
Sodergren E, Pasqualini R, Arap W, Quinn JP, Shamoo Y, Murray
BE, Weinstock GM. Genetic basis for in vivo daptomycin resistance
in enterococci. N Engl J Med 2011; 365: 892-900 [PMID: 21899450
DOI: 10.1056/NEJMoal011138]

Humphries RM, Kelesidis T, Tewhey R, Rose WE, Schork N, Nizet
V, Sakoulas G. Genotypic and phenotypic evaluation of the evolution
of high-level daptomycin nonsusceptibility in vancomycin-resistant
Enterococcus faecium. Antimicrob Agents Chemother 2012; 56:
6051-6053 [PMID: 22948885 DOI: 10.1128/AAC.01318-12]
Kelesidis T, Tewhey R, Humphries RM. Evolution of high-level
daptomycin resistance in Enterococcus faecium during daptomycin
therapy is associated with limited mutations in the bacterial genome.
J Antimicrob Chemother 2013; 68: 1926-1928 [PMID: 23580562
DOI: 10.1093/jac/dkt117]

Tran TT, Panesso D, Gao H, Roh JH, Munita JM, Reyes J, Diaz
L, Lobos EA, Shamoo Y, Mishra NN, Bayer AS, Murray BE,
Weinstock GM, Arias CA. Whole-genome analysis of a daptomycin-
susceptible enterococcus faecium strain and its daptomycin-resistant
variant arising during therapy. Antimicrob Agents Chemother 2013;
57:261-268 [PMID: 23114757 DOL: 10.1128/AAC.01454-12]
Palmer KL, Daniel A, Hardy C, Silverman J, Gilmore MS. Genetic
basis for daptomycin resistance in enterococci. Antimicrob Agents
Chemother 2011; 55: 3345-3356 [PMID: 21502617 DOI: 10.1128/
AAC.00207-11]

WJCID | www.wjgnet.com

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Rice LB, Carias LL, Rudin S, Hutton R, Marshall S, Hassan
M, Josseaume N, Dubost L, Marie A, Arthur M. Role of class
A penicillin-binding proteins in the expression of beta-lactam
resistance in Enterococcus faecium. J Bacteriol 2009; 191:
3649-3656 [PMID: 19304851 DOI: 10.1128/JB.01834-08]

Zhang X, Paganelli FL, Bierschenk D, Kuipers A, Bonten MJ,
Willems RJ, van Schaik W. Genome-wide identification of
ampicillin resistance determinants in Enterococcus faecium. PLoS
Genet 2012; 8: 1002804 [PMID: 22761597 DOI: 10.1371/journal.
pgen.1002804]

Sakoulas G, Okumura CY, Thienphrapa W, Olson J, Nonejuie P,
Dam Q, Dhand A, Pogliano J, Yeaman MR, Hensler ME, Bayer
AS, Nizet V. Nafcillin enhances innate immune-mediated killing of
methicillin-resistant Staphylococcus aureus. J Mol Med (Berl) 2014;
92: 139-149 [PMID: 24297496 DOI: 10.1007/s00109-013-1100-7]
Munita JM, Tran TT, Diaz L, Panesso D, Reyes J, Murray BE,
Arias CA. A liaF codon deletion abolishes daptomycin bactericidal
activity against vancomycin-resistant Enterococcus faecalis.
Antimicrob Agents Chemother 2013; 57: 2831-2833 [PMID:
23507277 DOL: 10.1128/AAC.00021-13]

Miller C, Kong J, Tran TT, Arias CA, Saxer G, Shamoo Y. Adaptation
of Enterococcus faecalis to daptomycin reveals an ordered progression
to resistance. Antimicrob Agents Chemother 2013; 57: 5373-5383
[PMID: 23959318 DOI: 10.1128/AAC.01473-13]

Tran TT, Panesso D, Mishra NN, Mileykovskaya E, Guan Z,
Munita JM, Reyes J, Diaz L, Weinstock GM, Murray BE, Shamoo
Y, Dowhan W, Bayer AS, Arias CA. Daptomycin-resistant
Enterococcus faecalis diverts the antibiotic molecule from the
division septum and remodels cell membrane phospholipids. MBio
2013; 4: pii: €00281-13 [PMID: 23882013]

Steed ME, Vidaillac C, Rose WE, Winterfield P, Kaatz GW, Rybak
MIJ. Characterizing vancomycin-resistant Enterococcus strains with
various mechanisms of daptomycin resistance developed in an in
vitro pharmacokinetic/pharmacodynamic model. Antimicrob Agents
Chemother 2011; 55: 4748-4754 [PMID: 21788457 DOIL: 10.1128/
AAC.00084-11]

Judge T, Pogue JM, Marchaim D, Ho K, Kamatam S, Parveen
S, Tiwari N, Nanjireddy P, Bheemreddy S, Biedron C, Reddy
SM, Khammam V, Chalana IK, Tumma RS, Collins V, Yousuf
A, Lephart PR, Martin ET, Rybak MJ, Kaye KS, Hayakawa K.
Epidemiology of vancomycin-resistant enterococci with reduced
susceptibility to daptomycin. Infect Control Hosp Epidemiol 2012;
33: 1250-1254 [PMID: 23143365 DOI: 10.1086/668438]

Bubalo JS, Munar MY, Cherala G, Hayes-Lattin B, Maziarz R.
Daptomycin pharmacokinetics in adult oncology patients with
neutropenic fever. Antimicrob Agents Chemother 2009; 53: 428-434
[PMID: 19015332 DOI: 10.1128/AAC.00943-08]

Enoch DA, Bygott JM, Daly ML, Karas JA. Daptomycin. J Infect
2007; 55: 205-213 [PMID: 17629567 DOL: 10.1016/j.jinf.2007.05.180]
Mushatt DM, Mihm LB, Dreisbach AW, Simon EE. Antibiotic
dosing in slow extended daily dialysis. Clin Infect Dis 2009; 49:
433-437 [PMID: 19580416 DOI: 10.1086/600390]

Kielstein JT, Eugbers C, Bode-Boeger SM, Martens-Lobenhoffer
J, Haller H, Joukhadar C, Traunmiiller F, Knitsch W, Hafer
C, Burkhardt O. Dosing of daptomycin in intensive care unit
patients with acute kidney injury undergoing extended dialysis-
-a pharmacokinetic study. Nephrol Dial Transplant 2010; 25:
1537-1541 [PMID: 20031929 DOI: 10.1093/ndt/gfp704]
Burkhardt O, Joukhadar C, Traunmiiller F, Hadem J, Welte T,
Kielstein JT. Elimination of daptomycin in a patient with acute renal
failure undergoing extended daily dialysis. J Antimicrob Chemother
2008; 61: 224-225 [PMID: 17965030 DOI: 10.1093/jac/dkm405]
Hanberger H, Nilsson LE, Maller R, Isaksson B. Pharmacodynamics
of daptomycin and vancomycin on Enterococcus faecalis and
Staphylococcus aureus demonstrated by studies of initial killing and
postantibiotic effect and influence of Ca2+ and albumin on these
drugs. Antimicrob Agents Chemother 1991; 35: 1710-1716 [PMID:
1659305 DOI: 10.1128/AAC.35.9.1710]

Kelesidis T, Chow AL, Humphries R, Uslan DZ, Pegues D.
Case-control study comparing de novo and daptomycin-exposed

May 25,2015 | Volume 5 | Issue2 |



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

JRaishideng®

Kelesidis T. De novo daptomycin non susceptible enterococci

daptomycin-nonsusceptible Enterococcus infections. Antimicrob
Agents Chemother 2012; 56: 2150-2152 [PMID: 22252808 DOI:
10.1128/AAC.05918-11]

Hume ME, Poole TL, Pultz NJ, Hanrahan JA, Donskey ClJ.
Inhibition of vancomycin-resistant enterococcus by continuous-
flow cultures of human stool microflora with and without anaerobic
gas supplementation. Curr Microbiol 2004; 48: 364-367 [PMID:
15060733 DOI: 10.1007/500284-003-4112-7]

Sun Y, Smith E, Wolcott R, Dowd SE. Propagation of anaerobic
bacteria within an aerobic multi-species chronic wound biofilm
model. J Wound Care 2009; 18: 426-431 [PMID: 19816382 DOLI:
10.12968/jowc.2009.18.10.44604]

Ballard SA, Grabsch EA, Johnson PD, Grayson ML. Comparison
of three PCR primer sets for identification of vanB gene carriage
in feces and correlation with carriage of vancomycin-resistant
enterococci: interference by vanB-containing anaerobic bacilli.
Antimicrob Agents Chemother 2005; 49: 77-81 [PMID: 15616278
DOI: 10.1128/AAC.49.1.77-81.2005]

Goldstein EJ, Citron DM, Merriam CV, Warren YA, Tyrrell KL,
Fernandez HT. In vitro activities of daptomycin, vancomycin,
quinupristin- dalfopristin, linezolid, and five other antimicrobials
against 307 gram-positive anaerobic and 31 Corynebacterium
clinical isolates. Antimicrob Agents Chemother 2003; 47: 337-341
[PMID: 12499210 DOI: 10.1128/AAC.47.1.337-341.2003]

Sader HS, Streit JM, Fritsche TR, Jones RN. Antimicrobial activity
of daptomycin against multidrug-resistant Gram-positive strains
collected worldwide. Diagn Microbiol Infect Dis 2004; 50: 201-204
[PMID: 15541606 DOI: 10.1016/j.diagmicrobio.2004.07.002]
Salama NN, Segal JH, Churchwell MD, Patel JH, Gao L, Heung M,
Mueller BA. Intradialytic administration of daptomycin in end stage
renal disease patients on hemodialysis. Clin J Am Soc Nephrol 2009;
4: 1190-1194 [PMID: 19541812 DOI: 10.2215/CIN.01650309]
Salama NN, Segal JH, Churchwell MD, Patel JH, Gao L, Heung
M, Mueller BA. Single-dose daptomycin pharmacokinetics in
chronic haemodialysis patients. Nephrol Dial Transplant 2010; 25:
1279-1284 [PMID: 20007981 DOI: 10.1093/ndt/gfp655]
Butterfield JM, Mueller BA, Patel N, Cardone KE, Grabe DW,
Salama NN, Lodise TP. Daptomycin pharmacokinetics and
pharmacodynamics in a pooled sample of patients receiving thrice-
weekly hemodialysis. Antimicrob Agents Chemother 2013; 57:
864-872 [PMID: 23208714 DOI: 10.1128/AAC.02000-12]

Vilay AM, Grio M, Depestel DD, Sowinski KM, Gao L, Heung
M, Salama NN, Mueller BA. Daptomycin pharmacokinetics in
critically ill patients receiving continuous venovenous hemodialysis.
Crit Care Med 2011; 39: 19-25 [PMID: 20890189 DOI: 10.1097/
CCM.0b013e3181fa36fb]

Baden LR, Thiemke W, Skolnik A, Chambers R, Strymish J, Gold
HS, Moellering RC, Eliopoulos GM. Prolonged colonization with
vancomycin-resistant Enterococcus faecium in long-term care
patients and the significance of “clearance”. Clin Infect Dis 2001;
33: 1654-1660 [PMID: 11595985 DOI: 10.1086/323762]

Bhullar K, Waglechner N, Pawlowski A, Koteva K, Banks ED,
Johnston MD, Barton HA, Wright GD. Antibiotic resistance is
prevalent in an isolated cave microbiome. PLoS One 2012; 7:
€34953 [PMID: 22509370 DOI: 10.1371/journal.pone.0034953]
D’Costa VM, McGrann KM, Hughes DW, Wright GD. Sampling
the antibiotic resistome. Science 2006; 311: 374-377 [PMID:
16424339 DOI: 10.1126/science.1120800]

Johnston LM, Jaykus LA. Antimicrobial resistance of Enteroc-
occus species isolated from produce. Appl Environ Microbiol 2004; 70:
3133-3137 [PMID: 15128577 DOL: 10.1128/AEM.70.5.3133-3137.2004]
Kelesidis T. The zoonotic potential of daptomycin non-susceptible
enterococci. Zoonoses Public Health 2015; 62: 1-6 [PMID: 24274811]
van den Bogaard AE, Stobberingh EE. Epidemiology of resistance
to antibiotics. Links between animals and humans. Int J Antimicrob
Agents 2000; 14: 327-335 [PMID: 10794955 DOI: 10.1016/S0924-
8579(00)00145-X]

Zhang J, Wall SK, Xu L, Ebner PD. Contamination rates and
antimicrobial resistance in bacteria isolated from “grass-fed” labeled

WJCID | www.wjgnet.com

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

beef products. Foodborne Pathog Dis 2010; 7: 1331-1336 [PMID:
20618073 DOI: 10.1089/fpd.2010.0562]

Hammerum AM. Enterococci of animal origin and their significance
for public health. Clin Microbiol Infect 2012; 18: 619-625 [PMID:
22487203 DOI: 10.1111/).1469-0691.2012.03829.x]

Johnson TJ, Fernandez-Alarcon C, Bojesen AM, Nolan LK,
Trampel DW, Seemann T. Complete genome sequence of
Gallibacterium anatis strain UMN179, isolated from a laying
hen with peritonitis. J Bacteriol 2011; 193: 3676-3677 [PMID:
21602325 DOI: 10.1128/JB.05177-11]

Voget S, Klippel B, Daniel R, Antranikian G. Complete genome
sequence of Carnobacterium sp. 17-4. J Bacteriol 2011; 193:
3403-3404 [PMID: 21551290 DOI: 10.1128/JB.05113-11]

Lowder BV, Guinane CM, Ben Zakour NL, Weinert LA, Conway-
Morris A, Cartwright RA, Simpson AJ, Rambaut A, Niibel U,
Fitzgerald JR. Recent human-to-poultry host jump, adaptation, and
pandemic spread of Staphylococcus aureus. Proc Natl Acad Sci
USA 2009; 106: 19545-19550 [PMID: 19884497 DOI: 10.1073/
pnas.0909285106]

Kateete DP, Kabugo U, Baluku H, Nyakarahuka L, Kyobe S,
Okee M, Najjuka CF, Joloba ML. Prevalence and antimicrobial
susceptibility patterns of bacteria from milkmen and cows with
clinical mastitis in and around Kampala, Uganda. PLoS One 2013; 8:
€63413 [PMID: 23667611 DOLI: 10.1371/journal.pone.0063413]
Aslam M, Diarra MS, Checkley S, Bohaychuk V, Masson L.
Characterization of antimicrobial resistance and virulence genes in
Enterococcus spp. isolated from retail meats in Alberta, Canada.
Int J Food Microbiol 2012; 156: 222-230 [PMID: 22520502 DOI:
10.1016/j.ijfoodmicro.2012.03.026]

Poulsen LL, Bisgaard M, Son NT, Trung NV, An HM, Dalsgaard A.
Enterococcus faecalis clones in poultry and in humans with urinary
tract infections, Vietnam. Emerg Infect Dis 2012; 18: 1096-1100
[PMID: 22709904 DOI: 10.3201/eid1807.111754]

Klein G. Taxonomy, ecology and antibiotic resistance of
enterococci from food and the gastro-intestinal tract. Int J Food
Microbiol 2003; 88: 123-131 [PMID: 14596985 DOI: 10.1016/
S0168-1605(03)00175-2]

Kelesidis T, Humphries R, Chow AL, Tsiodras S, Uslan DZ.
Emergence of daptomycin-non-susceptible enterococci urinary tract
isolates. J Med Microbiol 2013; 62: 1103-1105 [PMID: 23598376
DOI: 10.1099/jmm.0.056630-0]

Geenen PL, Graat EA, Haenen A, Hengeveld PD, Van Hoek AH,
Huijsdens XW, Kappert CC, Lammers GA, Van Duijkeren E, Van
De Giessen AW. Prevalence of livestock-associated MRSA on
Dutch broiler farms and in people living and/or working on these
farms. Epidemiol Infect 2013; 141: 1099-1108 [PMID: 22831886
DOI: 10.1017/S0950268812001616]

Kelesidis T, Chow AL. Proximity to animal or crop operations
may be associated with de novo daptomycin-non-susceptible
Enterococcus infection. Epidemiol Infect 2014; 142: 221-224
[PMID: 23587411 DOI: 10.1017/S0950268813000885]

Scott KP. The role of conjugative transposons in spreading
antibiotic resistance between bacteria that inhabit the gastrointestinal
tract. Cell Mol Life Sci 2002; 59: 2071-2082 [PMID: 12568333]
Garnier F, Taourit S, Glaser P, Courvalin P, Galimand M.
Characterization of transposon Tn1549, conferring VanB-type
resistance in Enterococcus spp. Microbiology 2000; 146 (Pt 6):
1481-1489 [PMID: 10846226]

Lapierre L, Mollet B, Germond JE. Regulation and adaptive
evolution of lactose operon expression in Lactobacillus delbrueckii.
J Bacteriol 2002; 184: 928-935 [PMID: 11807052 DOI: 10.1128/
jb.184.4.928-935.2002]

Silber P, Borie RP, Mikowski EJ, Goldfine H. Phospholipid
biosynthesis in some anaerobic bacteria. J Bacteriol 1981; 147:
57-61 [PMID: 6263870]

Bhalla A, Pultz NJ, Ray AJ, Hoyen CK, Eckstein EC, Donskey
CJ. Antianaerobic antibiotic therapy promotes overgrowth of
antibiotic-resistant, gram-negative bacilli and vancomycin-resistant
enterococci in the stool of colonized patients. Infect Control

May 25,2015 | Volume 5 | Issue2 |



Kelesidis T. De novo daptomycin non susceptible enterococci

Hosp Epidemiol 2003; 24: 644-649 [PMID: 14510245 DOI: emergent, non-clonal daptomycin-non-susceptible Enterococcus
10.1086/502267] faecium infections. J Antimicrob Chemother 2012; 67: 515-516
82 Kelesidis T. Comment on: Successful therapy of treatment- [PMID: 22052687 DOI: 10.1093/jac/dkr465]

P- Reviewer: Blanco LP, Krishnan T  S- Editor: Tian YL
L- Editor: A E- Editor: Wu HL

Roaishidenge ~ WJCID | www.wjgnet.com 36 May 25,2015 | Volume 5 | Issue2 |



J O/

World Journal of
Clinical Infectious Diseases

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5495/ wjcid.v5.i2.37

World | Clin Infect Dis 2015 May 25; 5(2): 37-43
ISSN 2220-3176 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Surface adhesion and host response as pathogenicity
factors of Neisseria meningitidis

Jose Uberos, M Molina-Oya, S Martinez-Serrano, L Fernandez-Lopez

Jose Uberos, M Molina-Oya, S Martinez-Serrano, L Fernandez-
LApez, Department of Paediatrics, School of Medicine, University
of Granada, 18012 Granada, Spain

Author contributions: All authors contributed to this manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Dr. Jose Uberos, Department of
Paediatrics, School of Medicine, University of Granada, Avda. de
Madrid s/n, 18012 Granada, Spain. joseuberos@telefonica.net
Telephone: +34-95-8243066

Received: July 3, 2014

Peer-review started: July 3, 2014

First decision: July 21, 2014

Revised: January 26, 2015

Accepted: March 5, 2015

Article in press: March 9, 2015

Published online: May 25, 2015

Abstract

Neisseria meningitidis (V. meningitidis) is an exclusively
human pathogen that has been identified in 10%-35%
of the adult population and in 5.9% of the child popu-
lation. Despite the high prevalence of carriers of N.
meningitidis, it only occasionally causes meningococcal
disease in the context of endemic disease, in certain
geographic areas or in isolated epidemic outbreaks.
After the . meningitidis genome is described, progress
has been made toward understanding the pathogenic
mechanisms of the bacteria, although some aspects
concerning its interaction with the environment and
the host remain unclear. Some studies have reported
that oxidative stress in the environment can modify the
surface characteristics of N. meningitidis, increasing its
adhesive properties and favouring an asymptomatic
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carrier state. The antigenic structure of N. meningitidis
can be modified by its importing genetic material from
other bacteria in its ecological niche. Some structures
of lipopolysaccharides help it to evade the immune
response, and these are observed more frequently
in V. meningitidis isolated from blood than in healthy
nasopharyngeal carriers. There is evidence that pili and
capsule are downregulated upon contact with target
cells. This paper reviews current knowledge on host-
environment-bacteria mechanisms and interactions,
with the aim of contributing to our understanding of the
pathogenic mechanisms of N. meningitidis.

Key words: Bacterial adhesion; Neisseria meningitidis;
Virulence
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Core tip: After the Neisseria meningitidis (N. meningitidls)
genome is described, progress has been made toward
understanding the pathogenic mechanisms of the
bacteria, although some aspects concerning its interaction
with the environment and the host remain unclear. This
paper reviews current knowledge on host-environment-
bacteria mechanisms and interactions, with the aim of
contributing to our understanding of the pathogenic
mechanisms of N. meningitidis.

Uberos J, Molina-Oya M, Martinez-Serrano S, Fernandez-Lopez
L. Surface adhesion and host response as pathogenicity factors of
Neisseria meningitidis. World J Clin Infect Dis 2015; 5(2): 37-43
Available from: URL: http://www.wjgnet.com/2220-3176/full/
v5/i2/37 htm DOI: http://dx.doi.org/10.5495/wjcid.v5.i2.37

BACTERIAL ADHESION AND
PATHOGENICITY

The ability of bacteria to attach and grow on almost
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any surface has been known for decades. The impor-
tance of adhesion in the colonisation of specific
substrates, and its role in the pathogenesis of bacterial
infections and in the maintenance of the carrier state
has been studied widely in recent years!'!. Neisseria
meningitidis (N. meningitidis) is only found in humans,
suggesting that its ability to cause disease is likely an
casual side effect of its life cycle. Globally, the carrier
rate of N. meningitidis ranges from 10%-35% among
healthy adults™; the mean carrier rate in children
is 5.9%, peaking at 10.3% in children aged under
3 yearsP®l. This situation has been associated with
the genetic characteristics of the circulating strains
of N. meningitidis, the immune pressure exerted by
vaccination programmes and the hygienic and social
conditions within a community. Compared with the
rates of colonisation, meningococcal disease is less
common, its development being affected by interacting
factors such as the virulence of the bacterium, host
defence mechanisms, the age of the host and the
history of previous viral infections™. The best-defined
virulence factor of N. meningitidis is its polysaccharide
capsule that indicates its serogroup. Although 13
serogroups of N. meningitidis have been described (A,
B, C, D, 29E, H, I, K, L, Y, W-135, X and Z), invasive
meningococcal disease is most frequently caused
by serogroups A, B, C, Y and W-135, to which 10%
mortality has been attributed.

The adhesion of bacteria to epithelial surfaces is an
initial step in the colonisation of microbial habitats, and
it ensures the survival of N. meningitidis in its ecological
niche, Adherence can be defined as a phenomenon
resulting from the interaction between two surfaces,
with the participation of physical, chemical and biolo-
gical factors, with contact between the bacterium
and the cell being necessary for adherence to take
place. The adhesion occurs in several steps: (1) N.
meningitidis attaches to the surface of target cells to
form small colonies. This step is essentially a pilus-
mediated process; and (2) after N. meningitidis has
been attached, it comes into close contact with surface
of the target cells (intimate adhesion). The adhesive
interaction is present both in commensal bacteria and
in pathogens and so for N. meningitidis to adhere, it
has developed proprietary adhesive mechanisms that
allow it to compete with flora of the same ecological
niche®™. Meningococcal pili are of type IV and are
composed of pilin subunits that are encoded by pilE
gene. Other homologous proteins, PilC1 and PilC2, are
also involved in pilus assembly and adhesion. PilC1-
containing may involve interaction with CD46, a human
trans-membrane glycoprotein involved in complement
regulation. The expression of pilC1 is induced following
the contact of N. meningitidis with viable target cells.
Both pili and capsule are downregulated upon contact
with target cells. This downregulation seems to be
associated with intimate adhesion of N. meningitidis to
target cells™®,

The “adhesion process” can be defined in terms of
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the adhesion affinity of bacteria to epithelial surfaces, as
has been described in the Michaelis-Menten equations.
The maximum point of adhesion (and affinity) can
be determined graphically by the Lineawever-Burk
equations, using simple experimental models"”’. This
first phase would be a reversible process in which
Van der Waals and electrostatic forces are responsible
for a wide range of interactions, including chemical
bonding, dipolar interaction and hydrophobicity. Sur-
face molecules as N-acetylneuraminic acid may alter
the initial adhesion strength, reducing electrostatic
repulsive forces or increasing attractive ones'®. The
cell surfaces of both prokaryotic and eukaryotic cells
are negatively charged. Electrostatic repulsive forces
between the cell and the bacteria can be overcome
by long and short-range attractive forces, and so the
specific binding of fimbriae with cell surface receptors
must overcome the repulsive forces between the two
surfaces. According to Smyth et al”®, the reduction of
the surface bacteria potential by the intervention of
hydrophobic adhesins probably facilitates adhesion,
with the hydrophobic forces being a first step in the
interaction of the organism with mucosal surfaces.
Surface hydrophobicity is a non-specific adhesion
factor which is important to the adhesion and growth
of microorganisms on epithelial surfaces. The hydro-
phobic-hydrophilic environment of the bacterial surface
is modulated by hydrophobic or hydrophilic agents
(increasing or reducing hydrophobicity, respectively),
which may co-exist on the surface of the outer mem-
brane®™. Generally, the strains that formed biofilms
show high-level cell surface hydrophobicity. Many
studies have examined the contribution of surface
hydrophobicity to bacterial adhesion, with particular
attention to Salmonella™®'!, Escherichia coli (E. coli), N.
gonorrhoeae™***! and N. meningitidis™***.

The type IV pili of N. meningitidis are crucial determi-
nants of the adhesion of these pathogens to epithelial
and endothelial cells™™®. Under natural conditions, pili are
the only means by which encapsulated N. meningitidis
can adhere to human mucosal surfaces™”*,

SURFACE MODULATION AND
INTERACTION WITH THE HOST

When N. meningitidis adheres to epithelial cells, it
becomes resistant to the bactericidal effect of the
antimicrobial peptide LL-37, which is the first line of
defence of innate immunity. The decreased binding
of LL-37 to the adhered bacteria can result from
its degradation by proteases released at the site of
infection. Furthermore, N. meningitidis induces the
formation in the nasopharynx of cholesterol-rich
membrane microdomains, which are essential to the
antimicrobial resistance induced by bacterial adhesion'.

To avoid immune detection, the surface components
of N. meningitidis may be modified. The structural
and antigenic modification of surface molecules can
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involve changes in gene alleles. Studies have reported
the import of genetic material from other bacteria or
via intragenomic recombination™™. N. meningitidis may
be encapsulated or unencapsulated. N. meningitidis
isolated from blood or cerebrospinal fluid is invariably
encapsulated. The existence of the capsule enables it
to withstand the effects of antibodies and complements
and to resist serum opsonic activity. Some lipopoly-
saccharide structures help N. meningitidis to evade the
immune response, and are more frequently observed
in N. meningitidis isolated from blood than in healthy
nasopharyngeal carriers. Both the capsule and some
lipopolysaccharide immunotypes (Li, Ls and Lio) of
N. meningitidis may influence bacterial adhesion and
invasive capacity. It has been found the inhibitory role
of capsule in biofilm formation™. The capsule genes
are located in a single chromosomal locus (cps) divided
into three regions. The capsular polysaccharides B, C,
W-135 and Y contain sialic acid, which contributes to
make the lipopolysaccharides of the capsule less visible
to the immune system, since sialic acid is a common
component of the host cell surfaces. Moreover, the
serogroup B capsule contains a homopolymer that is
structurally identical to the neural adhesion molecule,
which is responsible for the poor immune response
generated by serogroup B in humans. However, the
genetic similarities of the loci of serogroups B, C, W and
Y (not A) favour the horizontal exchange of fragments
of the capsule between different serogroups'.

N. meningitidis expresses and secretes various
surface molecules that bind to epithelial molecules,
and some of these proteins include lactoferrin and
the proteins bound to the transferrin that enable the
meningococcus to acquire iron from the environment.
Iron is a crucial element for bacterial growth in the
surface colonisation stage and during the production
of disease!'**, although some adherent properties,
such as hydrophobicity and adherence to inert sur-
faces like nitrocellulose remain unchanged after
incubation in culture media supplemented with Fe!®!.,
Other authors have described nine porin complexes
formed by different combinations of the meningococcal
porin protein (Por) A, PorB and RmpM proteins™. N.
meningitidis expresses two types of outer membrane
proteins (Opa and Opc) which give an opaque appear-
ance to colonies in agar. Opa and Opc are of a similar
size (27-31 kDa). Most Opa molecules recognise one
or more members of the family of carcinoembryonic
antigen-related cell adhesion molecules (CEACAM). The
CEACAML1 receptor is found in epithelial and endothelial
cells, while other family members such as CEACAM3
and CEACAM6 are expressed in neutrophils. CEACAM
receptor density in the epithelial cells is modulated by
the secretion of inflammatory cytokines, such that a
high expression of CEACAM receptors takes place in
response to inflammation, which could influence the
development of meningococcal disease. Furthermore,
some Opa proteins can interact with the heparan
sulphate proteoglycan that is present in most epithelial
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Over the past 50 years, our understanding of the
importance of serogroup B (MenB) disease per se,
the social impact of fear caused by the devastating
effects of the disease. The difficulty of inducing an
effective immune response against the MenB capsular
polysaccharide has lead to the search in vaccines for
this serogroup based on outer membrane proteins
(OMP). Public health interventions in Cuba, Norway and
New Zealand have demonstrated that these protein-
based vaccines can prevent MenB disease.

By combining a pangenome analysis with an
extensive experimental validation to identify new
potential vaccine candidates, genes coding for antigens
likely to be exposed on the surface of the MenB
were selected after a multistep comparative analysis
of entire Neisseria genomes. Again, in the quest
for vaccine candidates are successfully identified a
significant number of new genes. Recent studies with
meningococcal membrane proteins have centered
on conserved antigens in order to obtain a universal
vaccine that confers protection against a broad range
of strains. There are several recent reports about the
use of conserved minor OMP from N. meningitidis as
immunogens™?,

The classical bioinformatic approaches, in combi-
nation with proteomic data, conventional protein
purification and immunological evaluation are powerful
tools for the identification of novel meningococcal
antigens and open reading frames and potential vaccine
components™!,

We now know that OMP based vaccines are most
effective when are used against epidemics due to a
homologous or clonal strain carrying the same PorA as
that present in the vaccine. When used against endemic
disease or outbreaks due to a number of different
strains (heterologous epidemiologic situations), the
level of effectiveness will generally be too low to rely
on the effects of a conventional OMP vaccine alone for
protection.

The general strategy in the Pajon et al*> study, was
to maximize the chance of identifying bacterial surface
components by selecting not only proteins predicted
by protein localization algorithms in outer membrane
components of gram-negative bacteria, but also those
predicte as periplasmic or inner membrane proteins.
However, we must stress that while the most attention
in the development of meningococcal vaccines has
been devoted to major OMPs. The impact of conserved
protein components in the induction of a significant
immune response, and their potential as adjuvants, it
must not be overlooked. The success in expressing all
cloned genes came from the use of a highly optimized
expression/purification platform designed precisely
for this scenario, but also from the stringent selection
procedure of potential vaccine candidates. Finally,
five proteins are capable of inducing a functional
antibody response vs N. meningitidis strain CU385:
NMB0606 a potential YajC orthologue, NMB0928 the
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neisserial NIpB (BamC), NMB0873 a LolB orthologue,
NMB1163 a protein belonging to a curli-like assembly
machinery, and NMB0938 (a neisserial specific antigen)
with evidence of positive selection appreciated for
NMB0928%,

The new set of vaccine candidates and the novel
proposed functions will open a new wave of research
in the search for the elusive neisserial vaccine. The
key limitation of conventional wild-type outer mem-
brane vesicle (wtOMV) vaccines is their lack of broad
protective activity against the large diversity of MenB
strains circulating globally. The experience with wtOMV
vaccines also provide important information for the
next generation of MenB vaccines designed to give
more comprehensive protection against multiple
strains.

BACTERIAL ADHESION AND OXIDATIVE
STRESS

It has been shown that the N. meningitidis loci involved
in defence against oxidative stress are also involved
in biofilm formation and contribute to the colonisation
of epithelial surfaces®®. Incubation of N. meningitidis
in vitro with antioxidant molecules increases their
adherence to inert surfaces and therefore the ability
to generate biofilm, and at the same time increases
their surface hydrophobicity'**?!!. Similar observations
regarding adherence to nitrocellulose have been
demonstrated in E. coli®”). These observations are
an example of how environmental conditions can
modulate in N. meningitidis the expression of molecules
to make it more virulent or more adherent. In vivo,
plasma antioxidant levels are lower in children who
are asymptomatic carriers of N. meningitidis™. We
have analysed the association between total antioxi-
dant capacity in plasma and the carrier state of N.
meningitidis. In the carrier state, the odds ratio for
this association (total antioxidant capacity in plasma
< 0.25) was 8.44 (95%CI: 1.5-48.9). These obser-
vations are in the line with Jamet et a/*®, who reported
that the activation in N. meningitidis of genes involved
in defence against oxidative stress (lower levels of
plasma antioxidants) favours the adhesion of the
bacteria and nasopharyngeal carrier status. Other
studies have shown that oxidative stress can be
induced experimentally with cysteine depletion, can
trigger growth arrest and release of outer membrane
vesicles (sOMV). Outer membrane vesicles contain
immunogenic proteins and contribute to in vivo survival
and virulence of bacterial pathogens™®.

BACTERIAL ADHESION AND VIRULENCE

Virulence, defined as the degree of aggressiveness of
a pathogen, is a highly variable condition. The degree
of virulence fluctuates according to the conditions
in which microorganisms and their genetic makeup
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are located. In general, a pathogen becomes less
virulent on passing from a natural environment to an
artificial culture medium; in these circumstances, it
is said to be attenuated, and the same effect can be
observed in unfavourable environmental conditions.
The virulence of a microorganism can be reduced,
either by the use of certain culture media, or by ex-
ploiting its successive passage through animals.
Numerous studies support this; thus, Horska et a/*”
have reported that three different bacterial strains of
Pseudomonas are capable of changing the surface
charge and their hydrophobicity. By contrast, an attenu-
ated microorganism can acquire greater virulence
by its prior passage through certain animal species;
specifically, pneumococcal virulence is enhanced by its
passage through mice®”. N. meningitidis requires iron,
and in the absence of iron alters its gene expression to
increase iron acquisition™>!. When N. meningitidis, has
grown in an iron-restricted environment, it synthesises
new outer membrane proteins, which are necessary
for its survival. Some of these proteins Tbp A and Tbp
B are examples of meningococcal surface antigens
regulated by iron, which are not expressed after culture
in common laboratory media®!. TbpA was found
to possess a similar architecture to the siderophore
and is highly immunogenic, allowing for prediction of
potentially important ligand-binding epitopes™,

The passage of microorganisms through the epithe-
lial layer is not a passive phenomenon (Figure 1).
Microorganisms, after overcoming the first hurdle,
consisting of the surface epithelium, are exposed to
various host defence mechanisms, of which the most
important is the inflammatory response. In the course
of this response, the blood vessels dilate, thereby
increasing their permeability and allowing various
serum factors (immunoglobulins and other proteins) to
come into contact with the infectious agent. Moreover,
the activation of fibrinogen to fibrin delays the diffusion
of the microorganisms.

In general, type-1 somatic fimbriae are encoded by
chromosomal genes and are found both in commensal
bacteria and in pathogenic strains of E. coli. The
adhesion factors that are most frequently associated
with pathogenicity are usually coded by plasmids®?,
although this may take place chromosomally. The
bacterial surface appendages related to association
functions are generally termed “fimbriae”, with the
term “pili” being reserved for cases in which their
presence is related to the exchange of genetic material
among microorganisms. The pili of N. meningitidis are
6 nm in diameter and extend several micrometres
into the surface of the bacterium. They are, therefore,
sexual or conjunctive fimbriae. The genes for the
bacterial adhesion factors that have been most tho-
roughly studied, such as K-88, K-99 and CFA/I, are
located in plasmids. Of these, the genes for factor K-88
are known to have a total length of 75-135 Kb, and are
frequently associated with genes for the fermentation
of raffinose. The gene for the CFA/I factor has a size
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Figure 1 Schematic representation of the interaction mechanisms of Neisseria meningitidis with cellular receptors. The first adherence phase would be a
reversible process in which Van der Waals and electrostatic forces are responsible for a wide range of interactions, including chemical bonding. Finally we added a
summary at the endding, dipolar interaction and hydrophobicity. Pili extending beyond the capsule are considered to mediate the primary interaction with epithelial
cells. Opa proteins may bind to carcinoembryonic antigen-related cell-adhesion molecule (CEACAMSs) and heparan sulphate proteoglycan (HSPGs), and Opc proteins
can interact with HSPGs and, via vitronectin and fibronectin, to their integrin receptors. Engagement of CEACAMs, integrins and HSPGs can result in meningococcal
internalization by epithelial cells. MSP: Meningococcal serine protease A; App: Adhesion and penetration protein; NadA: Neisserial adhesin; NhhA: Neisseria hia/hsf
homologue A.

of approximately 90 Kb, and it is bound to a gene with the surface, have also been associated with the
for a stable enterotoxin®. For adhesion factor K-88, adhesion of N. meningitidis to endothelial cells and the
three plasmids have been shown to be responsible for ~ development of fulminant meningococcal disease®®*%,
the three known antigenic variants: K-88ab, K-88ac The pili of E. coli, which have been studied in detail,
and K-88ad. Mooi et al®, designed experiments to  consist of protein subunits that are thought to play an
determine which genes of the plasmid chain were important role in the interaction with specific surface
responsible for the formation of the K-88 factor in each carbohydrates in eukaryotic cells, and some of them
of the variants. For this purpose, each of the three are K antigens. D-(+)-Mannose inhibits the in vitro
K-88 plasmids was digested with restriction enzymes, adhesion of bacteria with type-1 fimbriae on the surface
and the fragments obtained from each one were then of eukaryotic cells containing mannose residue!*!!,
cloned by inclusion in the PBR-322 vector. The bacterial This is an indiscriminate mechanism of adhesion,
clones carrying each of the K-88 antigens were then as oligosaccharide chains containing mannose are
identified. This procedure revealed that the expression very commonly present in cell surface oligoproteins,
of the K-88 factor depends of the orientation of the DNA including phagocytic cells. Preincubation of bacteria
chain responsible and on the variant in question. In the with inhibitor sugars does not affect the adhesiveness,
case of K-88ab, its insertion into the vector PBR-322 in while the pretreatment of cells with carbohydrates
a direction or another modifies the quantity of antigen effectively prevents adhesion. This indicates that the
expressed. The lipopolysaccharide of N. meningitidis cell surface structures recognise the radicals of fucose
is known as the major determinant of its virulence, and glucose in the bacterial lipopolysaccharides.
and the use of monoclonal antibodies, together with Some authors™“**! have analysed phenotypic
structural studies, have highlighted the heterogeneity changes in bacteria associated with epigenetic changes.
and complexity of meningococcal lipopolysaccharides, Aspects such as virulence, response to oxidative stress
which can be divided into 12 immunotypes™”. and the formation of biofilm have been observed among
Studies by McGee et a/®®, have underlined the  epigenetic modifications. Unfortunately, these processes
importance of gonococcal fimbriae in cell colonisation and their relationship with pathogenic changes in N.
and destruction in cultures of cells from the human meningitidis are as yet incompletely understood.
fallopian tube. These assays show that both fimbriate Despite the high prevalence of carriers of N. menin-
and non-fimbriate gonococci bind epithelial cells, gitidis, it only occasionally causes meningococcal
although in the former case cell destruction is produced disease in the context of endemic disease, in certain
more quickly, this process being mediated by one or geographic areas or in isolated epidemic outbreaks.
more toxic factors, such as surface lipopolysaccharides. Some studies have reported that oxidative stress in
Type 1V pili, which are protein structures associated the environment can modify the surface characteristics
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of N. meningitidis. Also the antigenic structure can be
modified by its importing genetic material from other
bacteria in its ecological niche, and some structures
of lipopolysaccharides, pili and capsule change
the immune response. This paper reviews current
knowledge on host-environment-bacteria mechanisms
and interactions, with the aim of contributing to our
understanding of the pathogenic mechanisms of N.
meningitidis.
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Abstract

AIM: To corroborate the capacity of Phyto V7, a complex
of phytochemicals, to improve the physical well-being of
human immunodeficiency virus-1 (HIV-1) infected and
acquired immune deficiency syndrome (AIDS) patients
not undergoing antiretroviral treatment.

METHODS: Two hundred and thirty nine HIV-1 sero-
positive male and female voluntary inmates were recruited
through the Uruguay National Program of AIDS. The study
participants received for 90 consecutive days every eight
hours two tablets (760 mg/each) of Phyto V7, containing
a mix of the following phytochemicals: flavonols (Kaemp-
ferol, Quercetin), flavones (Apigenin, Luteolin), hydroxy-
cinnamic acids (ferrulic acid), carotenoids (Lutein,
Lycopene, Beta carotene) and organosulfur compounds,
all from vegetal origin. The participants did not receive
any antiretroviral treatment during the study. At days 0,
30, 60 and 90 (% 2 d) the participants were evaluated for
body mass index (BMI), tolerance to Phyto V7 and Index
of Quality of Life based on the Karfnosky scale. ANOVA,
Tukey Post-test, »* test and Wilcoxon Signed Rank test
were used to analyze the effect of treatment.

RESULTS: One hundred and nighty nine study partici-
pants finished the study. Already after 30 d of Phyto
V7 consumption, the weight, BMI and Karnofsky score
statistically significantly improved (P < 0.001), and
continued to improve until the end of the study. The
mean weight gain per participant during the 90 d was
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of 1.21 kg (approximately 2% of body weight). The
overall increase in the mean Karnofsky score after 90 d
was 14.08%. The lower the BMI and Karnofsky score
of the participants were at the beginning of the study,
the more notorious was the improvement over time.
For example, the mean increment of Index of Quality
of Life, among the participants with an initial Karnofsky
score of 5 or below (7 = 33) from day 0 to day 90, was
of 35.67% (0.476 £ 0.044 vs 0.645 £ 0.09; P < 0.001).
The tolerability to Phyto V7 was very good and no
adverse reactions were recorded or reported.

CONCLUSION: Administration of the Phyto V7 can
be an important tool to improve the well-being of
HIV-1 seropositive individuals and AIDS patients, not
undergoing antiretroviral treatment.

Key words: Phytochemicals; Karnofsky score; Nutrition;
Human immunodeficiency virus-1; Acquired immune
deficiency syndrome

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Phyto V7 is a complex of phytochemicals and
micronutrients. Phyto V7 has been found to stimulate
the immune system and dramatically improve the
physical well-being of terminal acquired immune
deficiency syndrome (AIDS) patients. The current study
demonstrates the capacity of Phyto V7 to improve the
physical well-being of human immunodeficiency virus-1
(HIV-1) infected and AIDS patients not undergoing antire-
troviral treatment, as demonstrated in 199 individuals.
We conclude that administration of the food supplement
Phyto V7 can be an important tool to improve the well-
being of HIV-1 seropositive individuals and AIDS patients,
not undergoing antiretroviral treatment.

Wernik R, Priore JL, Goldman WF, Elias AC, Borkow G.
Improvement in human immunodeficiency virus-1/acquired
immune deficiency syndrome patients’ well-being following
administration of “Phyto V7”. World J Clin Infect Dis 2015; 5(2):
44-50 Available from: URL: http://www.wjgnet.com/2220-3176/
full/v5/i2/44.htm DOT: http://dx.doi.org/10.5495/wjcid.v5.i2.44

INTRODUCTION

The energy needed for physical activity and for
maintaining the body weight is higher in human
immunodeficiency virus-1 (HIV-1) infected individuals
than in non-HIV infected individuals™?!. Acquired
immune deficiency syndrome (AIDS) patients
spend approximately 20% to 30% more energy
than healthy individuals in order to maintain their
body weight, including when receiving highly active
antiretroviral treatment (HAART)®*. The World Health
Organization has recommended including micronutrient
supplementation as an integral part of all HIV treatment
programs!®. Micronutrient supplementation trials
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demonstrated a reduced mortality and improved clinical
outcomes in HIV-1 infected individuals, regardless of
their clinical stage and use of antiretrovirals®®®..

Phytochemicals, chemical compounds that occur
naturally in plants, in addition of serving as micronu-
trients, enhance nonspecific immunity®, down regulate
inflammatory diseases'!, possess radical scavenging
activities™, and inhibit disease progression'***), For
example, administration of phytochemicals reduced
hepatotoxic, lithic, and hepatitis related adverse
symptoms'*®. Some phytochemicals inhibit HIV-1
protease and integrase, and inhibit viral entry to target
cells!*>*?%, phyto V7 is a complex of phytochemicals,
which also contains micronutrients, registered as a
nutritional supplement in several countries. Adminis-
tration of Phyto V7 to chicks enhances their humoral
immune responses against Newcastle Disease Virus
following vaccination™!. Furthermore, its administration
to human papilloma virus (HPV) affected women
undergoing electrosurgical excision of cervical lesions
resulted in approximately two-fold higher elimination of
HPV than in the control group of women. In the group
of woman receiving Phyto V7 there was an increase
in the local cellular immune responses, as exemplified
by much higher elevated presence of NK cells and
cytotoxic T-cells (CD8") in the cervical smears 90 d after
the electrosurgical excisional procedure®. We have
also found an increase in CD4" T-cells in HIV-1 infected
individuals taking Phyto V7, without affecting their viral
loads titers (manuscript in press). Taken together, the
above findings indicate that Phyto V7 has immune-
stimulatory properties. Remarkably, administration of
Phyto V7 to 9 terminally ill AIDS patients resulted in a
dramatic improvement in their physical status™”.

Antiretroviral treatment, which can effectively
control viremia, requires high patient adherence for
life. Low patient adherence results in the appearance
of drug resistant viral isolates and necessitates
different treatment protocols and salvage therapy
options. Unfortunately, in many developing countries
HIV-1 infected individuals are not treated at all. Many
reasons account for that, such as inappropriate or non-
existent centralized government treatment programs
and elevated costs of antiretroviral treatments. One
of the treatment neglected populations, in many
developing countries, is prison inmates. The rates of
HIV-1 infection are very high in this population®*’,
Prison inmates are at higher risk of HIV-1 infection due
to increased intravenous drug use, unprotected sexual
activity, exposure to blood during fights, and tattooing.

In the current manuscript we report the very
significant improvement in the well-being of 199 HIV-1
infected prison inmates, who did not receive any
antiretroviral treatment while in prison, receiving only a
daily administration of Phyto V7.

MATERIALS AND METHODS

The methodological design of the study was analytical
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Table 1 Karnofsky score used

10 No complaints, no signs of disease

Capable of normal activity, few symptoms or signs of disease
Normal activity with some difficulty, some symptoms or signs
Caring for self, not capable of normal activity or work

Requiring some help, can take care of most personal requirements
Requires help often, requires frequent medical care

Disabled, requires special care and help

Severely disabled, hospital admission indicated but no risk of death

N QW &= U N O

Very ill, urgently requiring hospital admission, requires supportive
measures or treatment
1 Moribund, rapidly progressive fatal disease processes

Table 2 Frequency of increase in the weight of the study
participants over time

Weight 30d 60d 90d

n % n % n %
Decrease 27 13.6 19 9.5 12 6
Equal 65 32.7 36 18.1 24 12.1
Increase 107 53.8 144 724 163 81.9

and longitudinal, conducted by mid-2010 in Uruguay
through the patronage of Dr. Tabaré Vasquez, President
of Uruguay, by the General Direction of Prisons and
the Uruguay Association of Seropositives. The study
was conducted in accordance with the Declaration of
Helsinki, and the protocol was reviewed and approved
by the Ethical Medical Committee of the Ministry of
Health of Uruguay. HIV-1 seropositive male and female
inmates were recruited from the Libertad, La Tablada
and Cabildo prisons. All study participants gave their
informed consent prior to the commencement of the
study.

Phyto V7 was donated by the Israel Project Life
Foundation and Immune Nutrition Incorporated. Phyto
V7 was registered as a food supplement (Registration
Number 54221) at the Division of Health Products,
Department of Food. Each Phyto V7 tablet contained
760 mg of the following phytochemicals: flavonols
(Kaempferol, Quercetin), flavones (Apigenin, Luteolin),
hydroxy-cinnamic acids (ferrulic acid), carotenoids
(Lutein, Lycopene, Beta carotene) and organosulfur
compounds, all from vegetal origin.

During the study, each participant was given every
8 h two Phyto V7 tablets. At days 0, 30, 60 and 90 (£
2 d) the participants were evaluated for body mass
index (BMI), tolerance to Phyto V7 and well-being. The
well-being was estimated according to the modified
Karfnosky scale (Table 1). Each time the doctor in
charge filled the questionnaire while examining and
consulting each study participant, without seeing
the previous already filled questionnaires. No data
regarding the viral load or immune profile of the parti-
cipants could be gathered. The participants did not
receive any antiretroviral treatment during the study.

The differences between weight and BMI were
analyzed with Kruskal-Wallis One Way Analysis of
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Figure 1 Assessment of Phyto V7 tolerability. The assessment of tolerability
is based on the medical examination and the participant’s feedback and general
feeling.

Variance on Ranks (ANOVA) and Tukey Post test. The
proportions of levels of quality of life were analyzed
with the ;° test. An Index of Quality of Life was defined
by dividing the levels of the Karnofsky score by the
maximal level (10) and applied the Wilcoxon Signed
Rank Test to analyze the differences. The SigmaPlot 12
software was used to conduct the statistical analyses.

RESULTS

A total of 239 HIV-1 seropositive inmates were
recruited. Forty participants did not finish the study due
to various reasons, such as being transferred to other
facilities and being released from prison. Thus, the data
presented is of 199 participants.

As reported by the study participants, after taking
Phyto V7 for 30, 60 and 90 d, the tolerability to Phyto
V7 was very good (Figure 1). No adverse reactions
were recorded or reported.

As can be seen in Table 2, the proportion of indivi-
duals that participated in the study in whom there was
an increase in their weight was 53.8%, 72.4% and
81.9% after 30, 60 and 90 d, respectively. The increase
in weight was statistically significant (P < 0.001). After
90 ds there was a decrease in weight in only 6% of the
patients. The increase in the mean weight of the study
participants can be appreciated in Figure 2B. The mean
weight gain per participant during the 90 d was of 1.21
kg (approximately 2% of body weight).

In accordance with the increase in the weight,
also the BMI of the participants increased over time
(Figure 3A). The mean of BMI increased from 23.18
on day 0 to 23.64 on day 90, a 1.98% increase. When
analyzing the mean increase in the BMI of the group
of participants that had a BMI of below 21 at the
beginning of the study (n = 60), the increase in BMI is
even more impressive (Figure 3B) - the mean in BMI
among this group increased from 19.69 on day 0 to
20.24 on day 90, a 2.75% increase. Similarly, when
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Figure 2 Participant body weight. A: Box plots describing the delta change in
the weight of the study participants. The boxes represent the middle 50% of the
data values. The horizontal line across the box marks the median value. The
error bars show the 10" and 90" percentiles of the population. Individual data-
points falling beyond these boundaries are shown as dots; B: The mean weight
of the study participants.

looking into the 11 participants that had a BMI of below
19 at the beginning of the study (n = 11), the mean
BMI increased from 18.02 on day 0 to 18.62 on day
90, a 3.04% increase.

The overall quality of life of the participants in-
creased over time, as determined by the Karnofsky
scale determinations, and as exemplified for the Index
of Quality of Life in Figure 4A. The Index of Quality
of Life was already statistically significantly higher at
day 30 compared to day 0 (mean of 0.657 vs 0.632;
P < 0.001). The Index of Quality of Life continued to
increase with Phyto V7 consumption, from a mean
of 0.657 to 0.7 and 0.721 at days 30, 60 and 90,
respectively (P < 0.001 between each data point). The
overall increase in the mean Karnofsky score after 90 d
was 14.08%.

When analyzing the changes in the Index of Quality
of Life among the participants that at day 0 had a
Karnofsky score of 5 or below (n = 33), the changes
in the score from day 0 to day 90 are even more
impressive, i.e., 35.67%, from 0.476 £ 0.044 to 0.645
+ 0.09 (P < 0.001; Figure 4B). The clear increase in
the proportions of the Karnofsky score over time is
depicted in Figure 4C. For example, the level score 8
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Figure 3 Body mass index of study participants. Box plots describing (A) the
delta change in body mass index (BMI) of all the study participants over time and (B)
the BMI of the participants who had a BMI of less than 21 at the onset of the study.

increased from day O to day 90 by approximately 5
fold, from 7.5% to 36.7% for all study participants. In
contrast, the level score 5 decreased from day 0 to day
90 from 13.1% to 1.5%.

At day 90, approximately 73% of the study
participant’s felt that consumption of Phyto V7 was
beneficial to them, while approximately 25% felt the
same. This is in accordance with an increase in weight
in 81.9% of the study participants. Two percent of the
patients felt that their situation worsened during the 90
d study.

DISCUSSION

Since the institution of HAART, the number of individuals
becoming ill with AIDS has declined significantly and
the prognosis of AIDS patients has improved notably.
However, low compliance, viral cross-resistance, and
significant side effects caused by HAART, serve as
reason to postpone HAART. In developing countries,
wide implementation of HAART may be even more
problematic due to high costs, infrastructure problems
and high prevalence of other ailments such as anemia
and co-infections>", Thus, new, non-expensive, safe,
easy to take alternative or complementary remedies,
that can improve the patient’s well-being, are very
attractive for the treatment of individuals that fail
HAART or antiretroviral naive patients that can not get
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Figure 4 Quality of life of study participants based on the Karnofsky
score. A: The mean and standard deviation of the Index of Quality of Life score
of all study participants and of (B) participants who had a Karnofsky score of 5
or less at the onset of the study; C: The proportions of Karnofsky score at days 0,
30, 60 and 90. The P values of Wilcoxon Signed Rank Tests between each day
are shown.

antiretroviral therapy.

Recently we published the results of a study that
was conducted with 9 terminally ill AIDS patients living
in a hospice®”., All patients had very high HIV-1 viral
loads and 8 out of the 9 patients were scored as C3
according to the United States Centers for Disease
Control status index. Seven out of the 9 patients were
antiretroviral naive patients. During the study they did
not receive antiretroviral treatment but only received
the food supplement Phyto V7. While most of the
patients at the commencement of the study could not
eat, stand, dress or shower by themselves, after 3 mo
of Phyto V7 supplementation all patients could eat, sit
down, shower, stand up and dress without help. The
well-being of the patients improved dramatically, both
physically and mentally. The success of this trial was
the incentive to conduct the current study.

As with the terminally ill AIDS patients, the adminis-
tration of Phyto V7 to HIV-1 infected, asymptomatic and
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symptomatic individuals in the current study, resulted
in a very significant improvement in the individuals’
well-being. The weight, BMI and Karnofsky score of
the study participants increased notably, especially in
those who had a low BMI and low Karnofsky score at
the onset of the study. Increase in appetite, weight,
and individuals mood, has a positive outcome in the
individual well-being. Notably 83% of the participants
adhered until the end of the trial and took Phyto V7,
indicating the high likelihood that they will continue
using Phyto V7 also finalizing the study. Part of the
positive effect of Phyto V7 can also be explained as
phytochemicals having radical scavenging activities™?,
stimulating nonspecific immunity™®, and down regu-
lating inflammatory responses!''. Indeed, Phyto V7 has
been shown to enhance humoral and cellular immune
responses™®*®!, It is not clear from this study if crucial
parameters relevant to the progression to AIDS were
affected, such as the CD4"* T-cell counts and viremia.
However, in a another study (manuscript in press) the
administration of Phyto V7 resulted in the upregulation
of CD4" T-cell counts without affecting viral loads,
indicating that Phyto V7 has an immuno-stimulating
effect and no direct antiviral effect.

Administration of a food supplement, such as
the Phyto V7, is extremely inexpensive as compared
to HAART. Phyto V7 is from a natural source and as
opposed to antiretrovirals, does not affect directly HIV-1.
Thus its uptake with low adherence would not result
in appearance of drug resistant viruses. Obviously, in
order to increase its efficacy, high compliance is desired.
Administration of Phyto V7 may potentially postpone
the need to treat HIV-1 infected individuals with HAART,
postponing the potential complications associated with
this treatment. It may well be that Phyto V7 can be
given in conjunction with HAART resulting in better
prognosis. These assumptions need to be examined in
placebo controlled studies.
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Background
The immune system of human immunodeficiency virus-1 (HIV-1) infected
individuals decays with the progression of time until they develop immu-
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nodeficiency. HIV-1 infected individuals also have increased energy needs than
non-HIV infected individuals and many suffer from significant weight loss and
wasting. Micronutrient supplementation is thus recommended as an integral
part of all HIV treatment programs.

Research frontiers

Micronutrient supplementation improves the physical condition of HIV-1 infected
individuals and acquired immune deficiency syndrome (AIDS) patients regardless
of their clinical status and antiretroviral treatment, as was demonstrated in
several studies. The administration of micronutrients that also enhance the
immune system may be significantly advantageous to the HIV-1 infected
individuals.

Innovations and breakthroughs

The food supplement Phyto V7 is a complex of phytochemicals and
micronutrients. Phyto V7 has been found to stimulate cellular and antibody
immune responses against viruses both in humans and in chicks. Importantly,
administration of Phyto V7 to 9 terminal AIDS patients resulted in dramatic
improvement in their physical well-being. The current study corroborated the
significant positive effect on Phyto V7 on the physical well-being of HIV-1
infected individuals. This was demonstrated by the significant increase in
the body weight and physical well-being a very large group of HIV-1 infected
individuals not undergoing antiviral treatment that only received a daily dose of
Phyto V7 for a period of 90 consecutive days.

Applications

Administration of the Phyto V7 can be an important tool to improve the well-
being of HIV-1 seropositive individuals and AIDS patients, not undergoing
antiretroviral treatment. It may well be that administration of Phyto V7 together
with antiviral treatment is highly advantageous. Further studies should test this
hypothesis.

Terminology

Phytochemicals are chemical compounds that occur naturally in plants. These
chemicals, in addition of serving as micronutrients, have been found to enhance
nonspecific immunity, down regulate inflammatory diseases, and inhibit disease
progression. The Karfnosky score is a well-accepted scale used to assess the
quality of life of patients. It was used by the examining physicians to address
the well-being of the study participants during the study.

Peer-review

This is an interesting work with promising results in which Phyto V7, a
phytocomponent mix, quickly and effectively improves the weight and makes
most of the HIV patients treated to feel better. For these kinds of patients it is
good to be able to help them and this treatment might prepare them for a future
more aggressive antiviral therapy.
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Abstract

Tick-borne diseases (TBDs) are a major public health
concern that has increased in the past three decades.
Nevertheless, emerging or reemerging TBDs may be
still misdiagnosed. Molecular biology techniques for
the screening of ticks, use of “Omics” approaches and
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the incorporation of analytical methods such as mass
spectrometry or nuclear magnetic resonance, to the
study of ticks and their associated pathogens or potential
pathogens are promising tools for a more accurate
differential diagnosis of TBDs. However, this huge
amount of data needs to be carefully interpreted before
being incorporated to the routine of clinical practice.
In the meantime, a clinical approach and high level of
suspicion keep being essential for the diagnosis and
proper handling of TBDs.

Key words: Ticks; Tick-borne diseases; Tick-borne
pathogens; Molecular biology tools; DNA-arrays; “Omics”
approaches; Analytical tools; Mass spectrometry;
Nuclear magnetic resonance

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tick-borne diseases (TBDs) are a major public
health concern that has increased in the past three
decades. Molecular biology techniques for the screening
of ticks, use of “Omics” approaches and the incorporation
of analytical methods to the study of ticks and their
associated microorganisms are promising tools for a more
accurate differential diagnosis of TBDs. Nevertheless,
a clinical approach and high level of suspicion remain
essential for the diagnosis and proper handling of TBDs
before the incorporation of these innovative technologies
to the routine in clinical practice.

Portillo A, Oteo JA. New tools, new tick-borne diseases? World
J Clin Infect Dis 2015; 5(3): 51-54 Available from: URL: http://
www.wjgnet.com/2220-3176/full/v5/i3/51.htm DOI: http://
dx.doi.org/10.5495/wjcid.v5.i3.51

TEXT

Tick-borne diseases (TBDs) are a major public health
concern that has increased in the past three decades.
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Thus, for instance, in 1988 only Mediterranean spotted
fever caused by Rickettsia conorii, and babesiosis
caused by Babesia spp., were recognized as TBDs in
Spain (southern Europe). Nowadays the list of known
TBDs has grown thanks to clinical observation together
with the use and development of new microbiological
techniques. To date, patients diagnosed of Lyme
borreliosis, Spotted Fever due to Rickettsia spp. (R.
conorii, Rickettsia monacensis, Rickettsia sibirica mongo-
litimonae and Rickettsia massiliae), Dermacentor-
borne necrosis, erythema and lymphadenopathy/Tick-
borne lymphadenopathy (DEBONEL/TIBOLA) caused by
Rickettsia slovaca, Rickettsia rioja and Rickettsia raoultii,
besides human anaplasmosis, human babesiosis and
tick paralysis have been reported in our country™™. The
discovery of new TBDs and the identification of TBDs in
new geographical regions have also occurred in other
parts of the world. Rickettsioses caused by Rickettsia
parkeri or by R. massiliae or the Bourbon virus disease
caused by Bourbon virus, a new virus thought to be
transmitted by ticks, serve as examples*®. Not only we
have involved microorganisms in different syndromes
and diseases but also, using new techniques, we
have discovered “new microorganisms” that are good
candidates to be considered pathogens for humans and
animals”**!, Nevertheless, we assume that other TBDs
in our environment may have been misdiagnosed due
to the lack of clinical suspicion or diagnostic tools, or
because to date they have been absent.

In the last years, the identification of tick-asso-
ciated pathogens has been frequently based on
polymerase chain reaction screening, sequencing and
subsequent nucleotide sequence analyses. Supported
on the aphorism "“If you do not look for it, you do not
find it”, our team has been able to detect tick-borne
bacteria and viruses, such as Candidatus Neoehrlichia
mikurensis and crimean-congo hemorrhagic fever
virus, for the first time in ticks from Spain!****). As it
has occurred with other human pathogens previously
described in arthropods worldwide, these evidences of
the presence of microorganisms are useful tools to be
aware of the risk of exposure to certain infections in an
area. Clinicians must include unexpected TBDs in the
differential diagnosis of patients with epidemiological
background and unspecific clinical manifestations,
especially if they are elderly people with underlying
diseases. In these cases, failure of diagnosis may lead
to a fatal outcome™®.

Microbial culture is the gold-standard diagnostic
method in microbiology. However, bacteria transmitted by
ticks are fastidious and difficult to grow in axenic media,
and many of them are obligate intracellular bacteria. Cell-
culture procedures are time-consuming and isolation of
microorganisms is not always successful*”’,

Serologic methods, especially immunofluorescence
assays, support the diagnosis of TBDs but sera samples
of patients in acute and convalescent phases of the
disease are needed and cross-reactions are a common
problem. Hence and up to date, serologic assays are
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accepted as valid to confirm a rickettsial syndrome but
not an infection caused by a certain Rickettsia spp.””.

More recent, and still non-commercial for diagnosis,
are sandwich immunoassays for the quantification of IgE
specific antibodies that have enabled to associate tick
bites and food allergy. Patients frequently bitten by ticks
have shown an increased level of IgE antibodies to the
oligosaccharide galactose-a-1,3-galactose (alpha-gal)
that seems related to delayed red meat anaphylaxis'*®.
In our area (northern Spain), where ticks are endemic,
a study performed with risk population by our group
revealed nearly 30% sensitization to alpha-gal™.

In the post-genomic era, DNA microarrays-based
technologies have enabled simultaneous identification of
several tick-borne pathogens in ticks”. Nevertheless,
the application of DNA arrays to the diagnoses of TBDs
using human samples is still in progress™”. Based on
complete genome sequences, these methods have been
also used for the global analysis of gene expression
patterns (transcriptome) in R. conorit***® and Borrelia
burgdorferi®”. DNA microarrays can be useful for the
identification of markers to provide a guide on the
etiology and virulence or to monitor the course or
treatment of a TBD.

Recently, the analysis of the tick microbiome (bacterial
communities associated with ticks) is possible using
next generation sequencing (NGS) methods based on
16S rRNA sequencing'®*®’. It has been evidenced that
interactions among microbes within the tick vector
can at least modulate pathogen transmission, vector
competence and tick reproductive fitness'”’ %, Also in
this context, the study of relationships between tick-
transmitted pathogens and their environment (a term
coined as pathobiome) is increasing the knowledge on
TBDs from a new multidisciplinary point of view.

Other novel “*Omics” technologies such as proteomics,
metabolomics, immunomics, and vaccinomics provide
a huge amount of data with relative low cost and
effort’®**?, These innovative approaches will contribute to
predict emerging TBDs in a near future that has already
started.

Moreover, in the last few years matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
has become a powerful tool for the rapid one-shot
identification of ticks and cultured tick-borne bacteria
such as Borrelia spp. and Rickettsia spp.*>*.,

Other techniques, such as nuclear magnetic reso-
nance spectroscopic methods applied to the study of
the metabolism of tick-borne bacteria such as Rickettsia
species also provide a challenging approach in this
research field™®.

Despite the development of molecular and analytical
tools, there are still patients bitten by ticks with unspecific
clinical manifestations of unknown etiology. Nowadays,
NGS methods combined with bioinformatics are providing
an inventory of predicted and/or unexpected pathogenic
bacteria harbored by ticks. These findings will enable to
include novel potential pathogens, in addition to known
species, in the differential diagnosis of TBDs. At the same
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time that these tools are incorporated into the routine,
a clinical approach and high level of suspicion remain
necessary for diagnosis and proper handling of TBDs.
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Abstract

Fungal infection is common in critically ill patients.
However, this infection is difficult to diagnose, and a
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large proportion of patients receive empirical antifungal
treatment without further confirmation of invasive
fungal disease. Whilst prompt appropriate antifungal
treatment is associated with better outcome in patients
with confirmed infections, this treatment has several
drawbacks. In addition, no clear beneficial effect of
empirical antifungal treatment was found in patients
without confirmed infection. Reducing antifungal treat-
ment in the intensive care unit (ICU) is feasible, and
would allow avoiding drawbacks of this treatment
without negative impact on outcome. Antifungal ste-
wardship, preemptive antifungal treatment, based
on colonization index and fungal biomarkers; and de-
escalation of antifungal treatment based on microbiology
results and fungal biomarkers could be suggested to
reduce antifungal use in the ICU, and are currently under
investigation.

Key words: Antifungals; Biomarkers; Colonization;
Infection; Preemptive treatment

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Prompt appropriate antifungal treatment is
associated with better outcome in patients with confirmed
infections, this treatment has several drawbacks.
Reducing antifungal treatment in the intensive care unit
(ICU) is feasible, and would allow avoiding drawbacks
of this treatment without negative impact on outcome.
Antifungal stewardship, preemptive antifungal treatment,
based on colonization index and fungal biomarkers;
and de-escalation of antifungal treatment based on
microbiology results and fungal biomarkers could be
suggested to reduce antifungal use in the ICU, and are
currently under investigation.
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INTRODUCTION
[1]

Fungal infection is common in critically ill patients™.
Based on the results of the large EPIC II international
study, candida spp. represented 17% of all microor-
ganisms isolated in the cohort of 7087 critically ill
patients with confirmed infection”, The subgroup
analysis of patients with bloodstream infection (BSI)
related to candida reported that intensive care unit
(ICU) mortality was extremely high (43%), compared
with that of BSI related to Gram-negative (29%), or
to Gram-positive (25%) microorganisms®. Further, a
recent epidemiological study, performed in Paris area,
showed worrisome trends in the incidence of BSI related
to candida, and mortality associated with this infection
during the last decade™. Antifungal treatment could
be classified into prophylactic, empirical, pre-emptive,
and targeted. Prophylactic treatment is usually given to
at high-risk patients without clinical signs of infection.
Empirical treatment is prescribed to patients with clinical
signs of infection. Antifungal treatment is considered
as preemptive, in presence of clinical signs, risk factors
for invasive fungal disease, and fungal colonization or
high levels of fungal biomarkers. Targeted treatment is
defined as a treatment given to patients with documented
infection.

Pros and cons of empirical antifungal treatment

In patients with septic shock related to invasive fungal
disease, prompt adequate antifungal treatment is the
main prognosis factor. In a cohort of 223 patients with
septic shock and Candida BSI, Kollef and colleagues
identified delayed antifungal treatment, and inadequate
source control as the two major independent risk factors
for mortality™!. Other risk factors included metastatic
cancer, severe heart failure, red-blood cell transfusion,
APACHE 1II score, and serum albumin level.

Diagnosis of invasive fungal disease is still challenging
in critically ill patients, because of the low sensitivity of
clinical signs and blood cultures, and the difficulties in
performing biopsies or other invasive procedure in these
patients. Therefore, empirical antifungal treatment is
frequently prescribed in the ICU. A recent one-day cross-
sectional cohort study was performed in 169 ICUs™.
Antifungal treatment was given to 154 patients of the
2047 included patients, including two thirds of patients
who received antifungal without any proven invasive
fungal disease. Another retrospective study, performed
during a 1-year-period, reported a higher rate of
empirical antifungal treatment (28% of the 560 included
patients)””). Chemotherapy, and infection at admission
were associated with prolonged empirical antifungal
treatment. A recent multicenter study reported that
100 (6.7%) of the 1491 included ICU patients received
empirical antifungal treatment. No significant difference
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was found in mortality rate between patients who recei-
ved empirical antifungal treatment, and those who did
not receive antifungals®®.

Drawbacks of empirical antifungal treatment include
antifungal resistance, side effects, drug interaction, and
cost (Figure 1). Whilst fungal resistance is less frequent
than bacterial resistance, recent reports suggest an
increase in resistance rate among Candida spp™.. Further,
antifungal resistance was also reported to be associated
with worse outcome in patients with BSI related to
Candida glabrata™.

Strategies to reduce antifungal use

Several strategies could be suggested to improve
antifungal treatment in critically ill patients, and reduce
unnecessary treatment.

At the start of antifungal treatment

Antifungal stewardship could be suggested in patients
at higher risk for invasive fungal disease. A recent study
performed in hematology department of our hospital
during a 10-year-period reported that a decrease of
40% in antifungal consumption was possible using local
guidelines, including decision algorithms and preprinted
prescriptions allowing only-guideline recommended drugs
for a given indication™". These local guidelines were
based on national and international recommendations
on antifungal treatment. The incidence of invasive fungal
disease, and mortality rate remained stable during the
study period.

A preemptive antifungal treatment could also be
suggested to reduce antifungal treatment. Such a
strategy could be based on clinical rules, colonization
index, and/or fungal biomarkers. Whilst the negative
predictive value of clinical rules, and colonization index
is very good (72-100), the positive predictive value is
low (6%-67%), suggesting that a large proportion of
patients receiving empirical or preemptive treatment
will be free of invasive fungal disease!*?. A multicenter
randomized controlled double-blind study is currently
ongoing in France to determine the impact of mycafu-
ngin in multi-colonized candida patients with nosocomial
sepsis. Its results will be very helpful to determine the
impact of such a strategy in critically ill patients™,

Initial empirical antifungal treatment should be
based on local epidemiology and sensitivity patterns,
in order to avoid using large-spectrum antifungals in
settings where the incidence of resistant fungi is low.

De-escalation of antifungal treatment

B-D-glucan is a most studied biomarker for invasive
fungal disease. As for clinical rule and colonization
index, its negative predictive value is very good
(77%-98%), but its positive predictive value is low
(59%-72%), suggesting that a treatment strategy
based on this biomarker would also result in unnecessary
use of antifungals™®. A recent study suggested that
combined use of g-D 1, 3-glucan, mannan, mannan-
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Figure 1 Pros and cons of empirical antifungal treatment.

antibody was helpful in improving the predictive value
of candidemia™. Another recent prospective study
performed in 56 patients with candidemia and 200
controls, reported that a combination of g-D-glucan,
and mannan had a very good sensitivity (89%),
and specificity (85%)™*!. Ostrosky-Zeichner et a/®
performed a randomized controlled double-blind placebo-
controlled study to determine the impact caspofungin
prophylaxis followed by preemptive treatment on the
incidence of invasive fungal disease. Whilst prophylaxis
treatment had no impact on the incidence of invasive
candidiasis, preemptive treatment based on B-D-glucan
results was associated with significantly decreased
incidence of invasive candidiasis. However, the impact of
preemptive treatment on invasive candidiasis incidence
was a secondary objective.

Another strategy to reduce antifungal treatment
in critically ill patients is to deescalate antifungal treat-
ment, as soon as results of blood cultures and bio-
markers are available. In fact, based on the excellent
negative predictive value of the combination of B-D-
glucan, mannan, and antimannan, empirical antifungal
treatment could be safely stopped in patients with
negative blood cultures and negative fungal biomarker
results. Our group is conducting a randomized controlled
unblind study to determine the impact of a strategy
based on fungal biomarker results on the early stop
of antifungal treatment in critically ill patients™”. We
plan to include 110 patients in this feasibility study, and
to evaluate the safety of such a strategy, including its
impact on mortality and recurrence of fungal infection
(Figure 2). However, fungal biomarkers are not available
in all ICUs, and the cost/effectiveness of such a strategy
should be evaluated.

Reduction of duration of antifungal treatment

To our knowledge, no study has specifically evaluated
the best duration of antifungal treatment in critically
ill patients with confirmed fungal infections. However,
recent guidelines clearly recommend different durations,
based on the site of infection. Therefore, one potential
strategy to reduce duration of targeted treatment in
these patients is to follow the guidelines, and to evaluate
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D1
start AFT after
blood cultures

Control group

Continue AFT for 14d

D1
start AFT after blood
cultures and biomarkers

D5
repeat biomarkers

Continue or stop AFT,
based on biomarkers
results

Figure 2 Use of biomarkers to deescalate antifungal treatment. AFT:
Antifungal treatment; D: Day.

adherence to local guidelines repeatedly.

CONCLUSION

Antifungal treatment is frequently used in critically ill
patients. Prompt adequate antifungal treatment is
required in patients with septic shock related to candida
infection. However, the beneficial effects of empirical
antifungal treatment in patients with suspected invasive
fungal infection have not been demonstrated. In addi-
tion, fungal resistance, drug interaction, side effects,
and cost should be taken into account when starting
such a treatment in ICU patients. Further studies
should determine the impact of targeted strategies,
and de-escalation of empirical treatment on outcome of
critically ill patients.
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Abstract

Hepatocellular carcinoma (HCC) is the third most
frequent oncological cause of death worldwide, prin-
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cipally a consequence of hepatitis C virus (HCV) in-
fection and its prognosis is mostly poor. For early
identification and surveillance of HCV patients with
liver disease progression, the availability of suitable
diagnostic and prognostic biomarkers is still an unmet
clinical need. Alfa-fetoprotein together with imaging
techniques is commonly used, however its specificity
and sensitivity are not satisfactory. Several clinical and
serological data have been proposed to define the
risk of disease progression in HCV infected patients
and new biomarkers have been proposed, including
post-transcriptionally modified molecules and genetic
biomarkers. The present editorial article attempts to
summarize the current knowledge on the new promising
tools for effective early diagnosis of HCV-related liver
disease progression and for the surveillance of HCC.

Key words: Hepatitis C virus infection; Biomarkers;
Liver disease progression; Hepatocellular carcinoma

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) infection is a major
cause of cirrhosis and hepatocellular carcinoma (HCC),
leading to liver failure and/or liver transplantation. The
current knowledge on the new promising biomarkers,
able to predict the progression of HCV-related liver
disease and HCC, has been the focus of this editorial.

Biasiolo A, Martini A, Pontisso P. New biomarkers for clinical
management of hepatitis C virus infected patients. World J Clin
Infect Dis 2015; 5(4): 59-66 Available from: URL: http://www.
wjgnet.com/2220-3176/full/v5/i4/59.htm DOI: http://dx.doi.
org/10.5495/wjcid.v5.14.59

INTRODUCTION
To date, the natural history of hepatitis C virus (HCV)
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infection is still difficult to define because of the insidious
onset of the disease and the absence or paucity of
symptoms during the generally prolonged (20-40 years)
chronic phase of the illness. Moreover, the methodologic
differences used to study the clinical course of disease
(prospective-retrospective cohort, community-based
or cross-sectional studies), in addition to the different
selected study populations (patients referring to
specialist liver clinics or tertiary care centers, blood
donors) or different phases of the disease, determine
heterogeneous results in terms of rates of disease
progression™®.. The ideal study to define the natural
history of HCV infection would be to closely monitor
a representative group of patients from the onset of
the acute infection, refrain from treating their liver
disease, and then monitor their untreated course to
a liver disease end point and/or death, whether from
liver disease or from other causes. Since such kind of
study cannot be performed, reliance must be placed on
surrogate markers of disease progression.

The long-term sequelae of HCV infection, include
the transition from not perceivable acute to chronic
hepatitis up to cirrhosis, which may progress to end-
stage liver disease and/or to hepatocellular carcinoma
(HCCQ), frequently leading to liver transplantation or
deathV'"). The recent Global Burden of Disease project
estimated that in 2010, among 170 million people with
chronic HCV, more than 30 million suffer from cirrhosis
and the incidence of HCC is about 1-2 million new
cases/year. The actual estimated incidence has been
markedly decreased, and this is mainly attributable to
the employment of a safe transfusion screening policy,
which has markedly decreased the number of new
infection. Several reports have identified that among
persons with chronic hepatitis C (CHC), cirrhosis has
developed in 20% and HCC in 1%-5%, approximately
20 years after disease onset. These data indicate
that not all persons with CHC will develop cirrhosis or
complications of the disease. The detection of specific
markers, able to predict the progression of the disease,
has been therefore the focus of this editorial.

HCV INFECTION MARKERS AND RISK OF
LIVER DISEASE PROGRESSION

A long-lasting elevated necroinflammatory activity
seems to play a crucial role in the progression of the
liver disease, as supported by data from patients with
persistently normal transaminase levels!"**¥, The
biochemistry profile is indeed only partially indicative
to predict the disease’s progression and the clinical
outcome might be modified by different variables and
many factors, either virus-related, host-related and
environmental associated.

The role of viral-dependent factors as viral load and
genotype is still debated and controversial. Several
studies have evaluated the relationship between serum
concentration of HCV-RNA and liver disease severity
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with conflicting results. While some reports have
demonstrated a positive correlation between HCV-RNA
load and histopathological abnormalities™**”, others
have found no association with hepatic inflammationt®!
or liver fibrosis!**”, These studies were conducted as
cross-sectional design, resulting in limitations of casual
temporality or including a particular type of person [i.e.,
drug users coinfected with human immunodeficiency
virus (HIV)], thus the generalization of the obtained
results to the population in the community was limited®!!,

Regardless from the evidence that genotype 1b was
reported to be more associated with the development
of HCC than genotype 2! and with a poor outcome
of disease® ", no data are available, so far, for other
HCV genotypes. It should be noted that most of the
studies were cross-sectional or included patients enrolled
in clinical trials®>*?. In a prospective study, Martinot-
Peignoux et al*, followed 163 patients with liver cirrhosis
for seventeen years and reported that HCV genoptype
1b was a major risk factor for HCC development. This
genotype was confirmed to have three times higher risk
of liver tumor development, compared with patients
infected with other genotypes®®, Within the community
based study REVEAL-HCV study cohort, that recruited
1095 subjects seropositive for antibodies against HCV
followed for fifteen years, the multivariate analysis
selected serum HCV-RNA, alanine aminotransferase (ALT)
levels and HCV genotype as independent risk predictors
of HCC. These seromarkers have been proposed as
pretreatment markers in clinical decision to classify high-
risk patients who need particular clinical care®”.

The presence of other viral coinfections (i.e., HIV,
HBV) speeds up the clinical course of the disease with a
negative impact on the natural history of HCVP**4, The
progression to cirrhosis is higher in HCV-HIV coinfected
patients™* and is associated to other complications,
such as hematologic disorders®*, kidney disease’®®,
cardiovascular disease™” and neurologic abnormalities’™.
In addition, the coinfection with HBV determines a more
severe liver injury in terms of progression of fibrosis, liver
cirrhosis and hepatic decompensation™**%,

Among the host-related factors, age at infection,
male gender and heavy alcohol intake seem to influence
the outcome of CHC*"*, Freeman et a/*¥, using an
ecologic analysis to estimate relative risk of cirrhosis
progression across four study methodologies, have
found an association between male sex (RR = 1.08) with
heavy alcohol consumption (RR = 1.61) and elevated
serum ALT levels (RR = 1.23) with higher histological
activity index.

In the last few years, another important aspect,
represented by the presence of comorbidities, was
shown to impact on the evolution of chronic HCV
infection. Hepatic steatosis, obesity and insulin resis-
tance must be considered important determinants of
liver disease progression, although the relationship
between these metabolic factors and clinical outcomes is
still complicated. In a long-term peginterferon treatment
(HALT-C study) the modifiable risk factors for liver
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Figure 1 Current and newly proposed biomarkers of liver disease progres-
sion and hepatocellular carcinoma development. AFP: a-fetoprotein;
AFP-L3: Lens culinaris agglutinin A (LCA) - reactive fraction of a-AFP; DCP:
Des-y-carboxyprothrombin; h-TERTmRNA: Human telomerase reverse
trascriptase mRNA; WFA + M2BP: Wisteria floribunda agglutinin-positive
human Mac-2-binding protein; SCCA-IgM: Squamous cell carcinoma antigen-
immunoglobulin M; HCC: Hepatocellular carcinoma.

disease progression were studied, and insulin resistance
was found strongly associated with clinical outcomes™’.
Similar results were found in a large scale community-
based study in which an association between diabetes
and HCC was observed™®. However, the association
between HCV infection and the development of diabetes
remains controversial“’*,

Major advances in genetics during the last decade
allow the identification of specific markers associated
with viral response and consequently with HCV infec-
tion outcomes. Among them, IL28B gene variants
(rs12979860 and rs8099917) have been strongly
associated with favourable response to standard antiviral
treatment in patients with CHC****. These treatment
response findings were confirmed by many studies in
different populations such as HCV-1 patients™>” and
reproduced in several meta-analyses”®®, Therefore,
both host and virus factors are important determinants
of liver diseases outcome.

NEW BIOMARKERS OF LIVER DISEASE
PROGRESSION AND HCC DEVELOPMENT

The most relevant consequence of HCV infection is
HCC development™!. This primary liver tumor is the
third leading cause of cancer deaths worldwide, with an
incidence in United States more than doubled in the past
25 years'®. Screening strategies for detection of early
HCC have relied primarily on radiologic imaging™*®*
and serum biomarkers'®. Over the past two decades,
considerable number of studies have been published
in order to identify suitable biomarkers, however the
results are frequently contradictory. For this reason,
tumor marker levels are not included in the screening
recommendations of international guidelines®*”. In
this setting, a-fetoprotein (AFP) is the most commonly
used biomarker, but its sensitivity and specificity in
detecting HCC is poor. AFP levels are often increased in
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patients with cirrhosis without HCC®®*®*! and the positive
rate of AFP in HCC is about 60%, making it a diagnostic
limitation.

Other tumor biomarkers have been proposed to
complement or replace AFP in HCC detection. In
clinical practice, Lens culinaris agglutinin A - reactive
fraction of a-AFP (a-AFP-L3), a glycoform of AFP7%7!,
and des-y-carboxyprothrombin (DCP), an abnormal
prothrombin molecule generated by the absence of
vitamin K responsible of an insufficient post-traslational
carboxylation of the prothrombin precursor in malignant
cells”*”! have been used. These biomarkers represent
independent tumor proteins and, as reported in several
studies, they may be complementary in the detection of
HCCY*7®, Few prospective studies have been addressed
to evaluate the usefulness of these new biomarkers in
terms of prognosis. Sterling et al’”’, in an ancillary study
of the prospective HALT-C trial including 855 patients,
demonstrated that mild-moderate elevation of total AFP
and DCP, but not AFP-L3 occurs in patients with CHC
and advanced fibrosis in absence of HCC. However,
marked increase of these biomarkers were uncommon
in subjects without HCC, although several factors other
than HCC, such as gender, age, race and the presence
of more advanced liver disease, could be responsible
for these increased values. Since sensitivity, specificity
and predictive values of these biomarkers were low, the
authors concluded that they are poor predictors of HCC
development. More recently, the usefulness of these
three biomarkers as diagnostic tool for HCC"® and as
predictors of outcome in patients with HCC has been
reviewed. The combination of these biomarkers resulted
to provide a good predictive ability of survival after
diagnosis and when considered at time of diagnosis,
together with serum albumin and birilubin levels, they
could be used for HCC staging and to predict HCC
prognosist’®.

Among the new class of genetic biomarkers, refle-
cting the presence of circulating HCC cells, serum
h-TERT mRNA detection showed higher sensitivity and
specificity compared with AFP-mRNA in HCC patients
(90% and 85% vs 69% and 50%, respectively) and
a close correlation with tumor size and number also in
early tumor stage™. Circulating h-TERT mRNA was
indeed detectable in small size tumors, indicating that
h-TERT mRNA was up-regulated during rapid proli-
feration of the tumor, at the early phase of oncogenesis-
dedifferentiation.

In the last 10 years a large number of new mole-
cules potentially clinically useful as markers of liver
disease progression in HCV infected patients has been
identified (Figure 1). One of them is Wisteria floribunda
agglutinin-positive human Mac-2-binding protein (WFA
+ -M2BP), a liver fibrosis glycobiomarker with a unique
fibrosis-related glyco-alteration. Using fully automated
immunoassay Yamasaki et af®!l, tested serum samples
of 707 patients infected with HCV and found increased
serum WFA + -M2BP levels in parallel with the
progression of liver fibrosis stage. In each distinctive
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stage of fibrosis, the risk of HCC development was
increased, according to elevation of WFA + -M2BP.
The diagnostic performance of this protein, based on
the AUROC values, was superior to that of AFP for
predicting the development of HCC at 3, 5, and 7 years.
The WFA + -M2BP values are proposed as noninvasive
predictors of HCC development and could be considered
a surrogate marker of liver fibrosis to be added to
FibroScan tecnique.

Several studies have demonstrated in recent years
that tumor released antigens can react with natural IgM
class of immunoglobulins and form circulating immune
complexes in different human tumors. The circulating
immune complex composed of squamous cell carcinoma
antigen (SCCA) linked with IgM (SCCA-IgM) has been
recently discovered as a promising tool to identify
patients with progressive liver disease in HCV infected
patients. SCCA-IgM complexes were undetectable in
the sera of healthy subjects, but the detection rates
and the levels consistently increased with liver disease
progression®®, In another study, SCCA-IgM complexes
were detectable in 33% of the patients with chronic
hepatitis® and in this study a significant increase over
time of the immune complex levels was observed in
patients with significant increase of liver fibrosis within
a time frame of four years, but not in those without
histologic progression, suggesting that monitoring the
immune complex over time allowed to identify patients
at higher risk of cirrhosis progression. In agreement
with these findings, significant decrease of the immune
complex was observed in sera of patients with HCV
infection and persistent virologic response to antiviral
therapy™®®°l. The positivity of SCCA-IgM has been found
correlated with histologic non-alcoholic steatohepatitis
(NASH) in patients with CHC'®, It is worth to note that
NASH has been recognized as risk factor of liver disease
worsening and of HCC development™’. On the basis
of these considerations, it is likely that patients with
HCV infection and SCCA-IgM positivity present a more
fibrogenic and tumorigenic liver condition that should be
accurately monitored and therapeutically managed, if
possible.

In line with these results, the behaviour profile
of SCCA-IgM was different in patient with early HCV-
related cirrhosis with or without HCC progression. In a
longitudinal, retrospective study a progressive increase
of this immune complex was described in the majority
of the patients with histological diagnosis of cirrhosis
C who developed HCC after at least one year from the
end of the study, while the levels of this biomarker
remained unchanged or decreased in the majority of
the patients without evidence of HCC development
during the same time interval. Conversely, the increase
of AFP, which was chosen as reference biomarker, was
not significantly different between the two groups.
The diagnostic accuracy, measured as AUROC values,
was higher for SCCA-IgM than for AFP and the former
biomarker performed better to identify cirrhotic patients
at higher risk of HCC development®®. This behaviour
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was observed at least one year before clinical diagnosis
of HCC, suggesting that this preclinical phase might
become a suitable window to specifically address new
potentially effective therapies. A multicenter study,
performed in HCV infected patients with overt cirrhosis,
started from an opposite approach and demonstrated
that the SCCA-IgM value < 200 AU/mL accurately
identifies patients with low risk of HCC development
in the subsequent year (sensitivity 75%, specificity
62%). On the basis of the obtained results the authors
concluded that this biomarker might be utilized to tailor
surveillance timing'®?.

CONCLUSION

Identifying new factors that could influence clinical
outcome of HCV infection is important in order to
counsel individuals regarding prognosis and to facilitate
decisions related to clinical management. This point is
crucial mostly in the current scenarios of new antiviral
treatments that include various direct acting antiviral
drugs®*®Y, Given the high cost of treatment and the
increased possibility of adverse events, identification
of factors predicting sustained virological response to
individualize HCV therapy in clinical decision-making is
urgent. While prioritizing treatment to patients who are
at risk of future problems seems the optimal solution to
deliver most benefits at the lowest costs, the problem
still lies in the identification of those patients who should
be included in the target population®. In this context,
the above new biomarkers might become useful tools,
as part of personalized medicine, for the surveillance
of HCV infected patients with chronic hepatitis and/or
cirrhosis, in order to better define follow up timing and
suitable therapeutic management of the patients at
higher risk of liver disease worsening.
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Abstract
Rabies is a disease caused following infection of the brain
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by the rabies virus (RABV). The principle mechanism of
transmission is through a bite wound. The virus infects
peripheral nerves and moves to the central nervous
system (CNS). There appears to be little involvement
of other organ systems and little detectable immune
stimulation prior to infection of the CNS. This failure of
the mammalian immune system to respond to rabies
virus infection leads, in the overwhelming majority
of cases, to death of the host. To some extent, this
failure is likely due to the exclusive replication of
RABV in neurons and the limited ability to generate,
sufficiently rapidly, an anti-viral antibody response /n
situ. This is reflected in the ability of post-exposure
vaccination, when given early after infection, to prevent
disease. The lack of immune stimulation during RABV
infection preceding neural invasion is the Achilles heel
of the immune response. Whilst many viruses infect
the brain, causing encephalitis and neuronal deficit,
none are as consistently fatal to the host as RABV.
This is in part due to prior replication of many viruses
in peripheral, non-neural tissue by other viruses that
allows timely activation of the immune response before
the host is overwhelmed. Our current understanding
of the correlates of protection for rabies suggests that
it is the action of neutralising antibodies that prevent
infection and control spread of RABV. Furthermore, it
tells us that the induction of immunity can protect and
understanding how and why this happens is critical to
controlling infection. However, the paradigm of antibody
development suggests that antigen presentation
overwhelmingly occurs in lymphoid tissue (germinal and
non-germinal centres) and these are external to the
CNS. In addition, the blood-brain-barrier may provide a
block to the delivery of immune effectors (antibodies/
plasma B-cells) entering where they are needed.
Alternatively, there may be insufficient antigen exposure
after natural infection to mount an effective response
or the virus actively suppresses immune function.
To improve our ability to treat this fatal infection it
is imperative to understand how immunity to RABV
develops and functions so that parameters of protection

November 25, 2015 | Volume 5 | Issue4 |



Johnson N et a/. Immunity to rabies virus infection

are better defined.
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Core tip: Rabies is a devastating disease in develop-
ing countries with a very high case-fatality rate. The
delayed immune response to infection with rabies virus
could be a defining factor in poor prognosis following
infection. Understanding the reasons for this muted
response and identifying ways to manipulate immune
effectors may lead to new therapeutic approaches to
the treatment of rabies. This article reviews the reasons
for the apparent failure of the immune response and
identifies areas for therapeutic development.

Johnson N, Cunningham AF. Interplay between rabies virus
and the mammalian immune system. World J Clin Infect
Dis 2015; 5(4): 67-76 Available from: URL: http://www.
wjgnet.com/2220-3176/full/v5/i4/67.htm DOI: http://dx.doi.
org/10.5495/wjcid.v5.14.67

INTRODUCTION

Rabies virus infection

Rabies has been with humanity since antiquity'” and
is caused by viruses of the Lyssavirus genus within the
family Rhabdoviridae. This genus includes the rabies
virus (RABV) and a number of related viruses that
consist of an enveloped virus particle with a negative-
stranded RNA genome approximately 11000 base pairs
in length. The genome of the virus is remarkably simple,
coding for only 5 proteins in the order nucleoprotein
(N), phosphoprotein (P), matrix (M), glycoprotein (G)
and polymerase (L)™. All viruses within the genus have
this basic genomic structure (Figure 1). Each protein
is multifunctional and expression of these five proteins
from the virus genome is sufficient to enable efficient
replication of virus in susceptible cells.

The lyssaviruses are hypothesized to have evolved
in bats, with RABV being present in many species of
new world bats™., However, at some point, the virus
made the jump from the order Chiroptera to Carnivora
and became established in new reservoir species, and
the translocation of the virus to regions where it is now
endemic, mainly Africa and Asia™. The principal reservoir
is the domestic dog. Indeed, virtually all human infections
are due to dog bites”. Bat bites are also a source of
infection but are responsible for a small number of cases.
This means that control of rabies is technically simple,
control dog rabies. This unfortunately is not the case in
parts of the world where public health is under-resourced
and uncoordinated. However, due to the relatively long
incubation period between exposure to virus following a
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bite, and development of dlinical disease, which is often
measured in months, post-exposure vaccination, as
pioneered over one hundred years ago by Louis Pasteur,
is effective. Therefore, no one needs to die of rabies
and yet they continue to do so in their thousands every
year’®. Only mammals appear to be infected naturally.
This includes livestock that cause further threat to public
health and economic liabilities for developing countries'.

Once RABV infects peripheral nerves it proceeds
rapidly by axonal transport to the spinal cord and then
onwards to the brain. This is where virus replication
accelerates, symptoms of infection develop and the host
is almost certain to die. A number of survivors have
been documented but in most cases there was evidence
of prior immunization™, Survivors have also suffered
persistent severe neurological sequelae following acute
disease.

The reasons for the high mortality observed follow-
ing RABV infection are unclear and almost unique for
an infectious disease of mammals. It is still uncertain
whether there is any replication before RABV infects
the nervous system. There is some evidence for low-
level replication in muscles, and the nerve-muscle
junction is one possible route of entry to the peripheral
nervous system™. There is also evidence that cells of
the monocyte/macrophage lineage can be infected".
However, post-mortem investigation of the tissue
distribution of RABV inevitably finds the virus exclusively
associated with nervous tissue. This may have serious
implications for generating protective immunity to
RABYV infection if replication only occurs in the central
nervous system (CNS), with negligible extracellular
antigen availability, there may be insufficient antigen
to initiate T and B cell responses. If virus replication
and amplification occurs exclusively in the CNS, the
consequences for the host are profound.

Immune responses to RABV vaccination

What can we learn from the effectiveness of vaccination
in controlling RABV infection? The earliest vaccines were
crude nervous tissue preparations with virus inactivated
by desiccation or subsequently, by chemical means.
Current human vaccines are cell-culture expressed virus
that is inactivated with beta-propiolactone (extensively
reviewed by Wu et al''!). The development of cell-
culture vaccines was a critical step in eliminating myelin,
present in all neuronal tissue, from human vaccines
and reducing the risk of adverse autoimmune reactions
from vaccination. A range of vaccination protocols are
effective, with induction of neutralizing antibodies (VNASs)
being considered the correlate of immunity whether
the vaccine is given pre- or post-exposure®*3, In both
cases, the mechanism of protection is the prevention of
virus infecting neuronal cells by neutralising antibodies
directed against the principal virus antigen, the
glycoprotein. A number of studies have investigated
the longevity of the VNA response following anti-
rabies vaccination. This appears to be highly variable
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Figure 1 Schematic of the rabies virus genome. Coding regions are shown as cylinders and intergenic regions are shown as single lines. The genome consists of
the nucleoprotein (N), phosphoprotein (P), matrix (M), glycoprotein (G) and RNA dependent RNA polymerase (L). Attenuation of RABV has been achieved through the
addition of point mutations within the G protein, specifically at amino acid position 333 in the SAG2 vaccine strain. Virus attenuation has also been achieved through
inclusion of multiple copies of the G protein or by addition of mammalian immunity genes[‘“]. RABV: Rabies virus.

and with clear inter-individual dependence. However,
serum levels of VNA generally decline over time and a
booster vaccination is recommended to raise the level
of VNA!"*®!, perhaps because of its effectiveness over
many decades, there has been little incentive to study
the immune stimulation that follows inoculation with
inactivated virus. A single study has demonstrated peak
levels of blood IgG plasma cells 10 d following primary
vaccination with inactivated RABV vaccinet”. This
appears earlier and to higher levels in those individuals
who have previously been vaccinated, consistent with a
classical T-dependent recall response. However, the long
term fate of these plasma cells is not known. Some form
of T-cell stimulation would be expected after vaccination
although this has not been investigated. Natural killer
cell responses have been reported*® although their
long-term persistence or role in preventing infection is
unclear.

More recent work has focused on the immune
response to the next generation of rabies vaccines.
These are based on live-attenuated viruses that either
lack one of the virus proteins or have an immune
response gene inserted into the genome region between
the glycoprotein and polymerase coding sequences
(Figure 1). These studies are discussed later in this
review.

Immunity in the central nervous system

Until recently the CNS was considered an immune-
privileged site within the body"™®, This was primarily
due to the absence of immune cells in the normal brain
and the presence of the blood-brain-barrier (BBB). The
BBB is an impediment to free movement of molecules,
proteins and cells between the blood supply to the brain
and spinal cord, and the structures of the CNS®. A key
feature is the endothelial layer on the luminal side of
the vasculature. This expresses low levels of adhesion
molecules and there are tight junctions that form
between endothelial cells to exclude movement of cells
across the vessel wall. However, immune privilege does
not mean an absence of immune surveillance. There
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appears to be little antigen presentation within the CNS
itself and this appears to be limited to the microglial
cell component that can present antigen following
stimulation®*. In addition, there is lymphatic drainage
from the brain®? that enables movement of soluble
antigens to the deep cervical lymph nodes®®”’. Activated
CD4" T cells also appear to move between the brain and
cervical lymph nodes®. Despite this limited immune
footprint in the brain during the steady-state, diseases
such as multiple sclerosis show that immune cells can,
and do, invade the brain under certain circumstances.

The alternative focus in recent years has been the
stimulation and action of the innate immune response
within the infected brain. RABV, principally through a
range of functions of the phosphoprotein, can prevent
type 1 interferon activation'®?”, a property shared by
all members of the genus*™. More recent work has
suggested that the nucleoprotein also inhibits type 1
interferons and that this function has been mapped
to a specific region of the protein®?". However, the
mechanism through which this defined region of the
nucleoprotein inhibits immune responses has not been
identified. Interferon inhibition appears to be an early
effect as numerous studies have shown substantial
innate immune stimulation within the brain of an
infected host during the clinical phase of infection.
Stimulation of interferons®™, toll-like receptors®**! and
chemokines®*! have all been reported but these may
equally cause tissue damage in addition to restricting
virus replication™”,

A key model for understanding the immune response
to infection with RABV has been infection of mice with
attenuated RABVs. Early studies used the attenuated
strain CVS-F3 that has an arginine-to-glutamine
substitution at position 333 within the glycoprotein
gene®®. Peripheral inoculation of mice with a virulent
RABV leads to neuroinvasion and death within 10-20 d.
Infection with CVS-F3 leads to transient weight loss and
neuroinvasion. However, the virus is rapidly cleared and
the mice survive. Mice that are unable to respond to
interferon or produce T cells also survive infection with

[28]
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CVS-F3. However, mice unable to generate antibody
develop disease in a similar manner to infection with
virulent virus, confirming the central role of antibody
in controlling RABV infection®®®. Direct comparison of
infection with isolates derived from a silver-haired bat,
a representative virulent virus, and an attenuated virus
(CVS B2C) demonstrate clear differences in the immune
response to both viruses®, In the former, immune
responses are muted and the outcome of infection is
poor, whereas replication of the attenuated strain is
extensive but controlled by the immune response. This
may be important as the widespread nature of the
attenuated virus infection may mean increased antigen
availability resulting in an enhanced immune response
to the virus.

Further studies have used attenuated viruses that
have been derived through the ability to mutate the
virus genome and rescue recombinant RABV!*®’. Such
viruses could form the basis of future vaccines for rabies
(reviewed by Hicks et a/*!) and one variant has been
trialled as an oral vaccine for wildlife’*?. The method
of attenuation falls into two categories. The first are
those constructs that have a gene deletion, usually the
phosphoprotein®®! or matrix**. The second are those
that have an immunity gene, for example a chemokine
such as CCL3™, inserted into an intergenic region. The
investigation of immune responses to these viruses
has resulted in important advances in understanding
immune stimulation in response to infection™*. Single-
dose vaccination with a matrix-deficient recombinant
RABV induces germinal centre-independent B-cell
development and antibody secretion more rapidly than
a preparation of inactivated RABV™*Y,

BARRIERS TO THE IMMUNE RESPONSE
TO RABV IN THE CNS

A number of barriers need to be overcome in order
for the immune response to react effectively to RABV
infection in the CNS. This is summarised in Figure 2 and
can be grouped into three categories.

Detection

The first is timely detection of infection. All evidence
suggests that the first significant replication of RABV
occurs in the CNS. Mammalian cells detect infection with
negative stranded viruses through detection of non-self-
pattern, structures associated with the virus or virus
intermediates generated during the replicative process.
This is mediated by proteins including retinoic acid-
inducible gene I (RIG- I )-like receptors or melanoma
differentiation associated gene 5 proteins!’’. In the case
of RABV, RIG- | detects the 5'-triphosphate RNA and
leads to activation of interferon and interferon-inducible
genes™®. However, as discussed above, negative-
stranded virus actively suppresses this response at the
cellular level*”, and rabies is no exception. This early
suppression of the interferon response could lead to a
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failure to fully orchestrate the immune response required
to limit virus spread. In comparison with attenuated
strains, the early chemokine response to virulent RABV
appears suppressed, possibly as a result of inhibition
of transcriptional activators™. This delay could have
profound consequences for the host.

Temporal

A known, critical barrier to an effective response is time.
This takes two forms: The time from virus detection to
the influx of immune effectors into the CNS that can
control infection and second, the time from infection
to the generation of a high quality antibody response.
Pathogens can induce characteristic responses, whereby
they vary in the kinetics of induction of antibody
responses and the squelae of their induction, such as
the persistence of memory for example Salmonella
infections and helminth infections in mice®®. Typically,
after primary viral infections, immunoglobulin M (IgM)
appears in the first days post-infection, followed by
a gradual rise in IgG titres in subsequent weeks and
months®, This parallels the long-term dominance
of antibody derived plasma cells selected through
the germinal centre, compared to the extrafollicular
response alone®™?. A key consideration is that antibody
responses typically develop in secondary lymphoid
tissues and although some long-term plasma cells can
reside in sites such as the spleen, they more typically
localise to the bone marrow. From these sites antibody
can be readily released into the blood, but this does
not necessarily mean the antibody can cross into
the cerebrospinal fluid (CSF) or brain parenchyma
as antibody is blocked by an intact BBB. Therefore
measurement of serum antibody titres may not reflect
titres in the CSF and furthermore it is unclear whether
the IgG isotypes present in serum correlate with those
in CSF. Close examination of the antibody response
to neurotropic viruses reveals layers of complexity
when making direct comparisons between serological
and intrathecal responses™. Virus-specific antibody
secreting cell (ASC) numbers can peak in peripheral
lymphoid tissue prior to their accumulation in the CNS
and following inoculation with high doses of RABV, a
neutralising antibody response can be detected within
4-5 d (APHA, unpublished data). However, this is
unrepresentative of a normal infection where virus
appears to enter the CNS by stealth before replication
and detection can occur. Such a dichotomy of responses
to the same antigen raises a question as to whether this
reflects impairment in the development of antibodies
to viral antigens. Engagement of the B cell receptor is
the initiating event for an antibody response and this
requires exposed antigen. If the virus is restricted to an
intracellular location during the early stages of infection
then antigen presentation will be delayed. There is
a clear precedent for a lack of antigen availability
resulting in a failure to generate a productive antibody
response. This is the observation that many non-
vaccinated individuals infected with Corynebacterium
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Figure 2 Model showing the movement of rabies virus antigen from the central nervous system to lymphoid tissue and then immune effectors (chemokines,
antibodies and plasma cells) return to the central nervous system. Inset 1 shows a section of RABV infected brain stained with anti-nucleoprotein antibodies.
Brown staining shows accumulation of nucleoprotein within neuronal cells. Inset 2 shows a murine spleen section stained with anti-CD3 for T cells (blue staining) and
anti-IgD for naive B cells (brown staining). The location of a GC is indicated. The arrows indicate the movement of antigen to lymphoid tissue and immune effectors
returning to the CNS. The exact route of these is uncertain in the context of RABV infection. Letters signify areas for future research: A: Identification of therapeutics
that restrict the replication and spread of RABV between neurons. Critically, such antiviral strategies must work within the CNS and without toxicity; B: Investigate the
mechanisms by which RABV antigens reach antigen presenting cells either in situ or through exit of the CNS. Therapies that accelerate this process should assist the
development of immune responses to infection; C: Development of methods that improves access of antivirals and immunes effectors (cytokines, antibodies and cells)
into the CNS. RABV: Rabies virus; CNS: Central nervous system; GC: Germinal centre.

diphtheriae, the causative agent of diphtheria, fail to the level of toxin required to induce disease is so low
generate protection against reinfection. This is because as to not consistently induce an antibody response. In
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Table 1 United Kingdom cases of rabies 2001-2012

Yr Virus Source  Country of origin Findings of tests to detect neutralizing antibody in cerebrospinal fluid Ref.
2001 RABV Dog Nigeria Not tested [75]
2001 RABV Dog Philippines None detected on hospital admission [76]
2002 EBLV-2' Bat Britain None detected in any sample submitted [77]
2005 RABV Dog India Not tested [78]
2008 RABV Dog South Africa None detected on hospital admission. Evidence for low levels after 5 d of hospitalization [73]
2012 RABV Dog India None detected in any sample submitted [79]

'European bat lyssavirus 2. RABV: Rabies virus.

this instance, the extracellular toxin is produced by an
extracellular organism and acts through binding of the
host cell surface and yet even under such circumstances
it is still not sufficient to elicit protective B cell responses.
The limited antibody response observed early after
RABV contrast with events at later times after infection.
Then, a combination of increased antigen availability
due to a higher viral load, host cell death and pathology
resulting in BBB perturbation can result in measurable
antibody responses. This is observed in the late stages
of infection in experimental models where evidence for
lymphocyte infiltration and antibody in the CSF is clear.
The proportion of infiltrating cells that are B-cells is low,
often approximately 1% of labelled lymphocytes™, and
these may have effector functions other than antibody
secretion. It is not clear where at these later time points
B cells and antibody is derived from and this may be
important in understanding how best to accelerate the
induction of protective responses after infection with
RABV.

Physical

Finally there is the barrier presented by the BBB itself.
The BBB is the interface between the CNS and the
blood supply. It is composed of both physical and
physiological barriers that control entry of cells, proteins
and large molecular weight molecules into the CNS
(described in more detail below). Studies by Hooper et
al* identified opening of the BBB as a critical factor
in enabling access of ASCs that might contribute to
control of RABV infection. They further deduced that
opening of the BBB could lead to successful resolution
of infection with a virulent RABV"*, This provides a
new avenue in therapy for RABV for both immune
and antiviral compounds that could lead to successful
treatment for infection.

INTERVENTION IN HUMAN RABIES

Treatment of human rabies is confounded by a range of
factors. Firstly, the majority of cases occur in developing
countries that have a poor health infrastructure, low
ratios of doctors to the population, little access to
pharmacological agents or the ability to deliver intensive
medical care®™®. This means that prevention of rabies
in reservoir populations, particularly the domestic dog, is
both a cost-efficient and effective approach to reducing
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human rabies®™", A second problem, even encountered
in developed countries, is that once a case of rabies
has been confirmed, the patient is in an advanced
stage of disease. If contact with a rabid animal is not
recognised or appropriate post-exposure prophylaxis is
not sought, the first indications of neurological disease
are usually a sign that the virus has reached the brain.
This makes treatment of rabies extremely challenging
and identifying potential therapies impossible. Although
the Milwaukee protocol or therapeutic coma™® has
been hailed as a possible breakthrough, its successes
have been sporadic and has been criticised as it lacks
a firm mechanistic basis®®. Here again, the lack of an
experimental model prevents progress in treatment
development. Notwithstanding these problems, based
on what is known it is possible to speculate on what a
potential treatment regimen might include. It will not be
simple or based on a single drug.

The role of anti-rabies antibodies in cerebrospinal fluid
The above points highlight the complexity of unders-
tanding and interpreting the immune response to rabies
as there are multiple variables such as the involvement
of multiple anatomical sites and differing levels of viral
burden at distinct times during infection. One potential
measure of immune response within the CNS is the
presence of antibody in CSF. Here the picture is mixed.
Some authors report that the presence of immune
complexes in the CSF is a valid ante-mortem diagnostic
marker of infection®®’. The experience of patients
admitted in the United Kingdom with rabies, whilst
modest, suggests that CSF antibody is detected at a
relatively late stage in the course of infection (Table 1)
and all of these patients died as a result of infection.
One striking feature of the first survivor to receive
therapeutic coma as a treatment for rabies infection
was the high levels of neutralising antibody, both IgM
and IgG, in both serum and CSF*”’,

More recent evidence from animal models of infection
suggest that the early appearance of antibody in the
CSF is a good indicator of survival®®? although these
experiments are problematic as intermediate events
such as neuroinvasion are not tightly controlled nor is
the point at which antibody is detected in the CSF. Also
the source of this antibody is not known. Is it produced
in situ or in the periphery and if this is the case, is it
accessing the parenchyma of the CNS where it is needed
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to neutralise virus or is it restricted to the CSF? However,
the presumption is that controlled opening of the BBB
combined with an early antibody response are critical
steps required to control infection with RABV. When this
does not happen, as in the case of the vast majority of
infections, the outcome is death of the host.

Perturbations of the BBB and access of immune
mediators and antiviral drugs to the site of infection
The BBB forms the interface between the circulation
and the brain parenchyma and is critical to maintaining
stable homeostatic control within the CNS. It is formed
by endothelial cells on the vasculature of the brain,
which are in turn surrounded by astrocyte end-feet®®?,
Neuronal cells are also an integral component of the
structure. Tight junctions form between endothelial
cells that exclude large molecular weight molecules,
proteins and cells. In addition, transporter proteins
actively reduce molecule concentrations in the brain
interstitial spaces. Attempts to overcome the BBB have
been extensively studied for the delivery of anti-tumour
therapies'®*®), A range of methods have been developed
to open tight junctions ranging from drug mediated
effectors to osmotic disruption®. Many of these
approaches have been used in human medicine and so
could be adapted to therapy of acute viral infection.

An antiviral that would stop virus replication and
spread within the CNS is the Holy Grail for the effective
treatment of clinical rabies. Numerous candidates have
been proposed as potential anti-rabies therapeutics
(extensively reviewed by Dacheux et af®”?). In virtually
all cases, promising results in tissue culture systems are
not matched by findings in animal models. Partly, this
may be due to the difficulties of accessing the CNS and
would be alleviated by administration in a coordinated
way with BBB opening compounds. However, successful
demonstration of this within an appropriate model is
challenging.

Immune stimulation

As discussed above, the adaptive immune response
to infection appears delayed. Stimulation of immune
responses may assist the patient, particularly in clearing
the virus from the CNS where antibodies are a key
component®, Here, live attenuated vaccines may have
a role to play in the stimulation of antibody responses.
A matrix gene-deleted RABV construct inoculated
into mice efficiently stimulated antibody production
within 7 d™®, If this can be accelerated further it may
support the patient’s ongoing adaptive responses.
The major difficulty in achieving this is that RABV-
specific B cells, as found for other antigens, will only
be present in naive subjects at a low frequency. This
suggests that to achieve an accelerated enhancement
of antibody levels a range of methods might be needed
including vaccination, passive transfer of antibody or by
immunizing with high copy number protective epitopes
to engage as many specific B cells as rapidly as possible.
An additional unknown is the contribution CD8 T cells
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make to protection. With the prolonged nature of the
infection and its near 100% fatality rate it suggests that
they contribute little, and of course adaptive immunity
can always exacerbate infection. It is possible that CD8 T
cells cannot access the brain parenchyma because of the
BBB, which is a key stumbling block to all interventions.
Both T and B cells destined for entry into the CNS need
to express a range of surface molecules that allow
adhesion to the brain vascular endothelium and promote
transit across the physical structures of the BBB®"%, It
is also clear that CD8 T cell responses generated after
vaccination in the absence of B cells are not protective in
experimental models of infection™®, However, T cells are
the major lymphocyte population forming perivascular
cuffs and accessing the brain parenchyma during the
late stages of infection with RABV™?, The role of these
cells, either positive or negative, in response to infection
should be defined.

Neuroprotection

When patients come to the attention of clinicians, the
disease is already well advanced in the CNS. Some
neuronal deficit would be expected even if treat-
ment was applied early and was effective. One of the
unexpected benefits of the therapeutic coma approach
has been an increase in understanding of the metabolic
effects of rabies virus infection on the human brain""..
Using this knowledge it may be possible to develop
neurosupportive therapeutic strategies to assist in
recovery from infection. Here again, recombinant rabies
viruses could play a role in delivering neurotrophins,
proteins that act as survival and growth factors for
nerves, into the CNSV,

A major practical consideration is how to monitor
patient progress through the treatment period. In past
studies where therapeutic coma has been used there
have been few indicators of patient progress. Serum
levels of neutralising antibodies have been used although
this can be a slow, crude measure of the patient’s
response to infection”®. Potentially, development of
virus-specific antibody in the CSF may provide a more
appropriate measure although this would be a harder
sample to take at regular intervals. Such a measure
might also be an indicator of when treatment has failed.

CONCLUSION

Neutralising antibodies are the main correlate of protec-
tion for vaccination against rabies® and it is likely that
they could play a role in limiting the spread of RABV
within the CNS. The absence of antibody in patient
serum or CSF coincident with disease onset suggests
that there is a delay in development of B cell responses
as a result of poor antigen availability. This in turn
implies that RABV replicates exclusively in the CNS and
that seropositive animals without disease occur either
because there has been exposure to antigen in the
absence of replication, for example aerosol exposure in
bats, or RABV replication in the periphery that has
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stimulated antibody and then controlled infection. In the
latter case such individuals, either animal or human,
do not come to the attention of veterinarians or public
health professionals. Even when immune effectors
are stimulated, limited accessibility of antibody and
lymphocytes to the CNS appears to nullify the ability
of the adaptive immune response to control rabies.
Further investigation is needed to identify ways of
accelerating patient immune response and enabling its
entry into the CNS. This first requires a suitable model.
Most studies use rodents, particularly mice, as they are
convenient, but infection with RABV in this model can
be unpredictable, result in a short incubation period
(< 5 d) and follow a rapid disease course (1-2 d).
Rodents are also unsuitable for use in assessing human
therapies. Alternative models for rabies pathogenesis
and vaccine response include ferrets® and non-human
primates®®?, These are also problematic for similar
reasons to those seen in rodents and are considerably
more costly. Until a suitable model can be resolved,
progress in understanding the complex processes asso-
ciated with disease pathogenesis and immune response
will be slow.

It is well over one hundred years since Louis Pasteur
pioneered therapeutic vaccination for rabies. Despite
this success, or possibly because of it, it is still not clear
why rabies is overwhelmingly fatal to all mammals and
continues to affect thousands of people every year®.
To date no antiviral or therapeutic approach has been
identified that improves outcome™®. This suggests that
a range of measures will be needed to treat infected
patients and that a single mode of intervention will be
insufficient. Advances in the development of research
tools to investigate the disease process such as
recombinant rabies viruses and other viruses expressing
RABV proteins™* should identify ways to rationally target
inhibition of virus replication, stimulate the immune
response and provide supportive treatment that will
enhance delivery of such inhibitors.
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Abstract

Tuberculosis (TB) remains one of the leading
infectious diseases causing significant morbidity
and mortality worldwide. Although, pulmonary TB
is the most common presentation and is the main
transmissible form of the disease, extrapulmonary TB
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also significantly contributes to the burden of disease
and can cause severe complications and disabilities.
At present, the most serious issue with TB control
programme is emergence of multi and extensively drug
resistant Mycobacterium tuberculosis strain world-
wide. As the number of drug resistant pulmonary TB
is increasing around the world, the number of drug
resistant TB with extrapulmonary manifestations are
also on rise. However, there is surprisingly scant
information in medical literatures on prevalence and
impact of extrapulmonary drug-resistant TB. Here,
we appraise the recent epidemiological studies that
underpin the status and impact of drug resistance in TB
cases with extrapulmonary manifestations.

Key words: Extrapulmonary tuberculosis; Tuberculosis;
Epidemiology; Mycobacterium tuberculosis; Drug
resistance

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The emergence of highly drug resistant
(DR) Mycobacterium tuberculosis and human immu-
nodeficiency virus epidemic has paved the way for
resurgence of tuberculosis (TB). Extrapulmonary
tuberculosis (EPTB), accounts for a significant pro-
portion of all notified TB cases, is a persistent global
health issue. Although DR-EPTB is uncommon, but
the increasing rate of DR-pulmonary TB around the
world has heightened our concern for DR-EPTB too.
Unfortunately, systematic surveillance data on DR-EPTB
is lacking, however, sporadic information from different
countries has begun to accumulate. Here, we aim
to provide current understanding on epidemiological
scenario of DR-EPTB and also to address some of the
key challenges associated with diagnosis, control and
management of DR-EPTB.

Singh PK, Jain A. Epidemiological perspective of drug
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resistant extrapulmonary tuberculosis. World J Clin Infect
Dis 2015; 5(4): 77-85 Available from: URL: http://www.
wjgnet.com/2220-3176/full/v5/i4/77.htm DOI: http://dx.doi.
org/10.5495/wjcid.v5.i4.77

INTRODUCTION

Despite the availability of effective treatment for many
decades, tuberculosis (TB) remains an enormous global
health problem, responsible for about 1.5 million deaths
annually!), Mycobacterium tuberculosis (MTB), the
causative agent, usually affects the lungs [pulmonary
TB (PTB)], however it may spread through lymphatic
or hematogenous dissemination to virtually any organs
and tissues of body resulting in the development
of extrapulmonary TB (EPTB). In last few decades,
extensive information has been gathered describing the
clinical pictures of different common and rare forms of
EPTB. The distribution of various types of EPTB may vary
among different populations and countries. However, the
most common sites of EPTB includes peripheral lymph
nodes, pleura, genitourinary sites, bones and joints,
abdomen (peritoneum and gastrointestinal tract), and
the central nervous system'**), A detailed discussion on
clinical aspect of each form of EPTB is beyond the scope
of this review but can be found elsewhere!®,

The existence of EPTB is centuries old however the
prime attention of global TB control programme has
been principally focused on contagious pulmonary TB.
Indeed, EPTB is milder and less contagious as compared
to PTB it cannot be overlooked as it constitutes about
20% of all form of TB among immuno-competent
adults®®’. Moreover, EPTB result in significant morbidity
and mortality dependent on the organs affected (like
central nervous system) and also due to various
difficulties encountered in achieving a timely and
definite diagnosis'*’. EPTB became more common world-
wide since the advent of human immunodeficiency
virus (HIV) infection. Consequently, a significantly
high predisposition to the development of EPTB can
be found in patients with concurrent acquired immune
deficiency syndrome and TB™. Younger age is another
potential risk factor for developing EPTB and even some
aggressive form of TB like tubercular meningitis or
miliary TB are commonly reported in children®™®. Such
mounting significance of EPTB is suggestive to consider
EPTB as much a public health priority as pulmonary TB
(Table 1).

At present, the global emergence of multi-drug
resistant (MDR) and even extensively drug resistant
(XDR) TB is a great challenge to success of global TB
control efforts. MDR-TB is usually caused by spontaneous
genetic mutation in MTB that confers resistance to the
two main first line antimicrobials rifampicin (RIF) and
isoniazid (INH). Mutation in a hotspot region (81-bp) of
rpoB gene (encoding beta-subunit of DNA dependent
RNA polymerase) is responsible for rifampicin resistance
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Table 1 Drug resistant-extrapulmonary tuberculosis: Reasons
to worry

Drug resistance (including MDR) in cases of EPTB is increasing and
now it cannot be considered as rare

Accurate and timely diagnosis and drug susceptibility testing are very
difficult and may result into high morbidity and mortality

DR-EPTB is often difficult to treat due to poor penetration of some key
anti-tubercular drugs into extra-pulmonary sites (especially in CSF)
HIV and young age are independent key risk factors

Although not contagious but it may co-exist with highly contagious
pulmonary manifestation

MDR: Multi-drug resistant; DR-EPTB: Drug resistant-extrapulmonary
tuberculosis; CSF: Cerebrospinal fluid; HIV: Human immunodeficiency
virus.

while INH resistance is largely conferred by mutations in
katG gene and inhA gene'”’. When MDR MTB develops
additional resistance to a fluroquinolone and a second
line injectable drug (i.e., amikacin, kanamycin or
capreomycin), it is termed as XDR. Although, drug
resistance in PTB has been extensively studied on
various aspects, status of drug resistant (DR) EPTB is
not clear. While some presentations of EPTB may be life
threatening, the involvement of drug resistant MTB strain
may amplify the risk of morality. Thus, in the present era
of HIV pandemic coupled with global emergence of MDR
and XDR MTB, DR-EPTB represents as a real and new
significant challenge to public health that is yet to receive
serious attention. In this review, we aim to provide an
epidemiological overview of drug resistant EPTB and to
discuss some of key challenges associated with diagnosis
and control of disease.

EPIDEMIOLOGICAL SCENARIO

As many population based TB surveys of different
countries are more confined to smear positive PTB
especially in adult populations, the knowledge of the
global epidemiology of EPTB is rather limited. Despite
this, surveys from different parts of world have
accumulated that demonstrate substantial increase
of global burden of EPTB in both developed and
developing countries, particularly in regions where
the prevalence of HIV infection is high. In the areas
where adequate diagnostic and reporting systems are
available, EPTB accounts for 20%-25% of reported
cases'™, Recent estimate of WHO showed that among
5.4 million new TB cases, 0.8 million had EPTB of which
a significant proportion (about 70%) were localized
into Southeast and African regions!*. In developed
countries, 10%-15% of TB cases have extra-pulmonary
involvement, but this rate is much higher in patients
belonging to high TB burden countries®®. India ranks
first in having maximum number (about 0.35 million)
of EPTB among new cases*’. The successful TB control
program in many developed countries resulted into a
declining trend of incidence of pulmonary TB; however
the rate of EPTB has remained constant or increased
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undertaken in many resource-limited countries, thus
no authentic estimates on prevalence of drug resistant
EPTB could be made available. However, sporadic
information mostly derived either from retrospective
cohort studies or TB surveillance data is now available
from different parts of world and is summarized in Table
2. As per data accrued thus from different countries, the
prevalence of MDR may lie between 1%-69% of total of
EPTB cases; whereas, the proportion of resistant cases
to any one anti-tuberculosis drug is about 10%-75%
(Table 2). The wide variation in proportion of drug
resistant EPTB among different studies is probably
due to variation in study settings, burden of MDR-TB
and quality of medical services in particular region,
demographic characteristic and HIV status of patients,
types of EPTB cases investigated, sample size and its
selection criteria etc.. The comprehensive public health
surveillance data of United States showed that about
only 1% of total EPTB cases studied during 1993-2006
were MDR-EPTB™. On the other hand, some studies
were published from high TB burden countries with
much higher rate of DR-EPTB (Table 2). However in
most of these studies data were collected from a cohort
in a specific programmatic setting, mostly tertiary
health care facility/hospitals that serves underprivileged
population. In addition to this, the prevalence estimates
in most of the tabulated studies collected from only a
subset cases i.e., culture confirmed EPTB cases. Looking
at these potential limitations the prevalence figures
may not be truly representative to that particular region
or country; nonetheless, these studies are definitely
concerning. Further, it is worth-while to note that the
deadly combination of drug resistance among cases
of tubercular meningitis (TBM) has been reported
increasingly in many countries (Table 2). Recently,
the rare possibility for the presence of XDR strain in
extraplumonary site has also been documented in
India™.

Although, the behavior of the mycobacterium does
not differ from site to site, drug resistance including
MDR-TB is less common in cases of EPTB as compared
to PTB. Studies from different countries have compared
the drug resistance profiles between MTB isolates
recovered from pulmonary and extra-pulmonary sites
and showed negative association of EPTB with anti-
TB drug resistance!***”, This is due to the fact that the
selective multiplication of resistant mutants of MTB in
caseous focal lesions of extrapulmonary sites is much
less than in cavitary lesions of pulmonary sites. The
development of DR-EPTB is mainly acquired through
previous improper anti-tuberculosis regimen, poor
patient compliance, a prolonged diagnosis of drug
resistance and the spreading of drug-resistant strains.
Drug resistance in EPTB is more common in previously
treated patients™®. Recently, a high level drug resistance
among treatment failure PTB (48.1%) and EPTB cases
(52.7%) from north India was reported™®. Similarly, in
another study, about 73% patients with drug resistant
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TBM had a history of prior exposure to anti-tuberculosis
drugs®”.

The heterogeneous nature of extrapulmonary
samples is another factor that not only contributes the
variability in sensitivity values of various diagnostics
but may also contribute to variation in drug resistance
profile. In a study conducted in Taiwan, drug resistance
profile of MTB isolates in specimens derived from
various extrapulmonary sites was compared. In this
study, isoniazid-resistant (or resistant to any first
line drugs) MTB was more common in genitourinary
and pleural sites followed by skin and soft tissue,
peritoneum and lymphnode!'”!. Cerebrospinal fluid, a
preferred sample for diagnosis of TBM was not included
in this study but drug resistance among TBM cases
have been reported relatively high in different countries.
Different Indian studies investigated the cerebrospinal
fluid (CSF) collected from the cases of TBM and a high
prevalence of drug resistant strain (MDR: about 2%;
Resistance to any one first line drugs: 18%-33%) were
found. Previous studies from different parts of the world
showed a predominant resistance to INH in EPTB cases
especially in TBM™#21 Among the first line drugs,
INH is the only bactericidal agent that easily crosses
the blood-brain barrier and is known to penetrate
freely into the CSF. Therefore, INH resistance is a
potential threat to the successful treatment and causes
significant mortality in EPTB especially when meningeal
involvement is present'**>,

EPTB is more common in HIV infected individuals
and it may be undiagnosed until advance stages of the
disease™®®. In addition to this, recently it is found that
HIV status may also influence the incidence of drug
resistance among cases of EPTB especially in TBM.
Studies from Vietnam demonstrated that a significantly
higher proportion (> 50%) of CSF mycobacterial isolates
from TBM patients were resistant to one or more
first-line anti-tuberculous drugs®”’®. In contrast, no
significant association between HIV infection and drug
resistance among TBM cases were seen in some other
studies™"*¥,

Recent studies suggest that different lineages
of MTB may have different clinical manifestation.
Indo-Oceanic and East-African Indian lineages were
associated with exclusively extrapulmonary tuberculosis
disease™®!, Interestingly, a strong association between
“Beijing genotype” lineage, drug resistance, and
HIV infection in a cohort of TBM patients has been
shown™®l, Similarly, a Russian study also observed
prominent association of Beijing genotype with
multi-drug resistance (out of 80 Beijing genotype
isolates, 90.5% were multi-drug resistant) in cases of
tuberculous spondylitis®”., However, it seems that such
association may be influenced by variable distributions
of MTB lineages in different parts of world. Despite
this possibility, the Beijing family of MTB is considered
highly virulent and associated with drug resistance in
several settings®™"*2.
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CHALLENGES IN DIAGNOSIS,
TREATMENT AND MANAGEMENT

Respiratory tract infections caused by pathogens other
than Mycobacteria is often implicated by physician. But
the treatment failure and recurrence or persistence of
symptoms led to suspicion and investigation of PTB.
Despite this initial delay, the definite diagnosis and
effective treatment management of PTB is feasible.
Unlike PTB, the diagnosis of EPTB is a major challenge
for clinician. As the clinical manifestation of EPTB is
highly heterogeneous, many of patients are examined
by different specialists with little awareness in TB
diagnosis thus may cause significant delay in including
the EPTB into differential diagnosis panel. Data from
many countries shows that 20%-50% cases of EPTB are
diagnosed post-mortem™; which not only highlights
our limited ability to diagnose the EPTB but also
provide a possible reason for lower incidence of EPTB
in many countries. Lack of strong laboratory backup at
peripheral health facility level in many high TB burden
countries also contribute significantly for excess delay
and difficulty to establish EPTB.

It is believed that a small amount of tubercle bacilli
even sensitive to anti-tubercular drugs often cause
great damage in some aggressive form of TB like TBM.
Therefore, diagnostic delay in EPTB poses great risk of
mortality. Previous studies demonstrated, a delay of
3 d between TBM presentation and initiation of anti-
tuberculous therapy among pediatric as well as adult
cases is associated with increased risk of death®**"),
Further, drug resistance may severely complicate the
situation because a twofold increase in mortality was
observed recently among the isoniazid drug resistant
TBM cases®®®. The various hurdles making the diagnosis
of DR-EPTB an issue are highlighted in Table 3.

Although, EPTB is not considered as contagious but
concomitant contagious PTB may spread the infection
to others. European TB surveillance report®” showed
that about 1/4™ of all EPTB cases had also pulmonary
involvement. Thus the presence of EPTB does not
exclude the pulmonary involvement, even though such
cases are nevertheless classified as contagious PTB'™.
Recent studies have found that even with a normal chest
radiograph, the concomitant pulmonary involvement
may be present in considerable proportion (up to 18%)
of patients™**?, However still in routine practice, the
existence of PTB in cases of EPTB is not generally ruled
out.

For a definite diagnosis of EPTB, WHO recommends
that it should be on the basis of culture-positive speci-
men and/or positive histology and/or strong clinical
evidence consistent with active EPTB™. A cautious inves-
tigation of clinical, radiological and histopathological
representations in different form of EPTB may provide
some clues to achieve the diagnosis even than seeking
the laboratory based diagnosis is important to establish
the disease. Although laboratory testing for EPTB follows
the same principles as for PTB, but it is very difficult and
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negative test result does not rule out the EPTB.

The multiplication of tubercle bacilli is generally
hindered within the caseous foci lesion/tissues of ex-
trapulomnary sites due to low availability of oxygen
as well as acidic pH, and the presence of toxic fatty
acids'*®!, Therefore under these stress condition,
EPTB is generally found in pauci-bacillary that may
be skipped to be detected by conventional diagnostic
tests. Direct visualization of acid-fast bacteria is still the
first and most preferred microbiological test but it is far
from being sensitive to diagnose EPTB™!.. At present,
microbiological confirmation (either by solid or liquid
culture method) of MTB in samples from the affected
sites of EPTB is considered as gold standard which also
gives the opportunity to identify the Mycobacterium
species and to perform phenotypic drug-susceptibility
tests as well as genotyping for molecular epidemiology
studies. However, the main drawback of culture is long
turn-around time and compromised sensitivity due to
lower and non-uniform distribution of bacillary load at
extrapulmonary sites as well as compromised quality
and quantity of specimen. It has been demonstrated
that concentration of large volumes of sampled fluid (CSF,
ascites, etc.) and repeated analyses can increase the
diagnostic yield™”. However, it is often too difficult to get
additional and adequate amount of samples from the
patients.

As discussed above, delay in diagnosis may not be
acceptable in the management of aggressive TB cases
like TBM or HIV-associated EPTB, a rapid and sensitive
diagnosis and DST method is always pre-requisite. In
the same regard, several nucleic-acid amplification
tests (NAAT) are now available that can detect MTB
and can also determine the drug resistance to some
key drugs. Of the various NAAT, Xpert MTB/RIF seems
most promising as it is fully automated cartridge-based
real-time PCR based test that efficiently detects both
TB and resistance to rifampicin in less than 2 h. WHO
reviewed a set of studies and concluded into an excellent
sensitivity and specificity of Xpert MTB/RIF from pooled
data on samples collected from various extrapulmonary
sites (CSFs, gastric fluids and biopsies)™*®. Unfortunately,
this system does not determine the isoniazid resistance
which is known to be significantly associated with morta-
lity among TBM cases. The cost of the test, dependency
on electric supply, the cartridge supply and storage
conditions and the difficulty to carry and implement
the system in limited resource settings are some other
challenges. Nevertheless, Xpert MTB/RIF assay coupled
with its speed, simplicity and less biohazard problems
could play an important routine role in diagnosis of
EPTB.

Like diagnosis, the treatment and management
of EPTB is also full of challenges and recently a meta-
analysis showed that treatment outcomes were poor
in patients with DR-TB™, This is especially due to poor
drug penetration to the affected tissue and the lack of
accessibility of tissue/sample for assessing the treatment
response by serial cultures. Further, any degree of drug

November 25, 2015 | Volume 5 | Issue4 |



Singh PK et a/. Drug resistant extrapulmonary tuberculosis

Table 3 Key issues in diagnosis of drug resistant-extrapulmonary tuberculosis

Issues in laboratory diagnosis
In general, the sensitivity of laboratory tests is often compromised
Due to pauci-bacillary nature of EPTB
Due to difficulty in obtaining an adequate sample
Risk associated with the sampling procedure (e.g., lumbar puncture, biopsy of deep lymph nodes, etc.)
Lack of accessibility of serial samples for monitoring the treatment response
Un-availability of reliable host biomarkers that can be analyzed in easily attainable specimens
Xpert-MTB-RIF test seems promising diagnostic tool but the negative test result does not rule out EPTB and it can only determine the resistance to
rifampicin (not other crucial drugs)
Issues at programmatic/administrative level
Lack of focused programme (like pulmonary TB) in many high TB burden countries
Lack of reliable estimates on impact and magnitude of DR-EPTB
Although seeking microbiological, histopathological diagnosis and drug susceptibility testing is crucial, it is however not in routine practice (in many
high TB burden countries)
Rapid molecular based diagnostic (Xpert-MTB-RIF) is still away from its accessibility at peripheral health care centers in many resource limited
countries
Wide variation in diagnostic and treatment practices among health service providers (as reported in private sectors of India) that often do not comply
with national or international standards

DR-EPTB: Drug resistant-extrapulmonary tuberculosis; MTB: Mycobacterium tuberculosis; RIF: Rifampicin; TB: Tuberculosis; EPTB: Extrapulmonary
tuberculosis.

resistance hinders the treatment and may results into rising problem in most of the countries where ever it
poor outcomes especially in severe form of disease. has been investigated. Since survey study on similar line
The problem gets compounded among HIV infected begun to accumulate only recently, a continued effort in
individual as it has been shown that MDR-TB at future will be of exquisite importance to achieve reliable
treatment initiation, positive HIV status among EPTB estimates of the incidence in different parts of world.
cases are significantly associated with mortality™**. Such information will be imperative in establishment
WHO recommended the treatment of MDR-EPTB with of strategic frameworks for intensified cases finding,
the same strategy involving the same regimen and effective treatment management and also to garner the
duration as pulmonary MDR-TB. However in severe resources necessary for the prevention of associated
complication, individualized chemotherapy and some high morbidity and mortality. Further, there is an urgent

other means like surgery, adjunctive corticosteroids, need for increasing awareness of the clinician to rising
immune-modulators may result into good treatment incidence drug resistant EPTB and to consider the drug
outcomes™®*”), Owing to increasing incidence of drug resistance testing before start of therapy for better

resistance and severity of some kinds of EPTB, there is treatment outcomes. We hope this preliminary review
an urgent need for effective short-term regimens with will encourage the future systematic studies to precisely
newer drugs having better penetration at various sitesin ~ define the epidemiological picture of drug-resistance
body. EPTB.
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Abstract

AIM: To study the presence of various nucleic acids
targets of Staphylococcus aureus (S. aureus) during
bacterial growth and antibiotic induced killing in relation
to viability.

METHODS: S. gureus was cultured to log phase and
spiked in Todd Hewitt (TH) broth and whole blood of
healthy human volunteers. Viability of S. aureus after
flucloxacillin treatment (0, 1, 3 and 6 d) was assessed
by culture on bloodagar plates. DNA and RNA were
isolated from 200 pL. cDNA synthesis was performed
by using random primers. The presence of S. aureus
DNA, rRNA, and mRNA were determined by real-time
polymerase chain reaction of the 16S rDNA and fuf
gene (elongation factor Tu).

RESULTS: S. gureus spiked in TH broth without
antibiotics grew from day 0-6 and DNA (fuf and 16S),
and 16S rRNA remained detectable during this whole
period. During flucloxacillin treatment S. aureus lost
viability from day 3 onwards, while the 16S rRNA-gene
and its RNA transcripts remained detectable. DNA and
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rRNA can be detected in flucloxacillin treated S. aureus
cultures that do not further contain culturable bacteria.
However, fuf mRNA became undetectable from day 3
onwards. 7uf mRNA can only be detected from samples
with culturable bacteria. When spiking S. aureus in
whole blood instead of broth no bacterial growth was
seen, neither in the absence nor in the presence of
flucloxacillin. Accordingly, no increase in DNA and
RNA levels of both 16S rDNA and the fuf gene were
detected.

CONCLUSION: 7uf mRNA expression is associated
with culturable S. aureus and might be used to monitor
antibiotic effects.

Key words: Bloodstream infection; Staphylococcus
aureus; Viability; mRNA; Polymerase chain reaction;
Sepsis; Molecular diagnostics; Blood

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report our first results from a proof-of-
principle study where we show that fzf mRNA expression
seems to correlate with active Staphylococcus aureus
(S. aureus) infection. The commonly used target, 16S
rRNA, seems unsuitable for viability measurements as it
can be detected from samples containing unculturable
bacteria. This study indicates that ff mRNA expression
is associated with viable S. aureus, as determined by
culture.

Loonen AJM, Wolffs PFG, de Bresser M, Habraken M,
Bruggeman CA, Hermans MHA, van den Brule AJC. Tuf mRNA
rather than 16S rRNA is associated with culturable Staphylococcus
aureus. World J Clin Infect Dis 2015; 5(4): 86-93 Available from:
URL: http://www.wjgnet.com/2220-3176/full/v5/i4/86.htm DOI:
http://dx.doi.org/10.5495/wjcid.v5.i4.86

INTRODUCTION

Bacteremia is defined as the presence of viable bacteria
in the bloodstream™. The current gold standard method
for the detection of microorganisms in the bloodstream
is blood culture and subsequent identification of the
bacteria by conventional (sometimes automated)
biochemical techniques or MALDI-TOF MS®*. An
important advantage of this method is that only viable
microorganisms are detected. A major disadvantage of
the method is that the time-to-results is long (24-72
h) due to the involvement of culturing steps. Because
fast and accurate diagnosis is of crucial importance for
patients suffering from bloodstream infection (BSI),
molecular (real-time) polymerase chain reaction (PCR)
applications are increasingly being applied to decrease
time to pathogen identification, thereby improving
patient outcome®®, However, all commercially available
sepsis tests [SeptiFAST (Roche), SepsiTest (Molzym),
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and MagicPlex Sepsis Test (Seegene)] are based on DNA
detection. DNA is a stable molecule and the presence of
DNA of a certain pathogen does not provide information
about the viability status of that pathogen as the DNA
can originate from either living or dead pathogens®®*?.
In contrast to DNA, bacterial messenger RNA molecules
have a half-live of only minutes™. For that reason,
several studies have evaluated the detection of mRNA
as a marker for the presence of actively growing
bacteria®*'**¥1, Some of these studies have focused
on detection of viable pathogens from food and
environmental samplest*, while other studies focused
on human disease and viability of pathogens from spiked
culture broths (i.e., Borrelia burgdorferi, Escherichia
coli, Salmonella typhi, Shigella sonnei, Mycobacterium
smegmatis)'****'7*°1 Few studies used clinical specimens
(Mycobacterium tuberculosis from sputum samples,
Aspergillus spp. from blood samples, Chlamydia
trachomatis from cervical smears and urine)">*>*¢, If
RNA markers can be used to assess pathogen viability
for BSI, the application of PCR based methods on RNA
(cDNA) would be of great significance.

BSI can be caused by numerous pathogens®”. In
this study, the most commonly detected Gram-positive
bacterium; Staphylococcus aureus (S. aureus) was
chosen for reconstruction experiments. To investigate
which nucleic acid molecule most favourably correlates
to the viability status of S. aureus, DNA and rRNA of 16S
rRNA gene, and DNA and mRNA levels of the tuf gene
(elongation factor Tu) were measured in response to
antibiotic therapy. Both the 16S rRNA and tuf gene are
household genes with relatively high expression levels
and therefore indicative of protein expression and thus
most likely bacterial viability!*". The aim of this work was
to find a suitable marker for S. aureus viability to be able
to improve BSI diagnostics.

MATERIALS AND METHODS

Bacterial strain and growth conditions

S. aureus (ATCC 25923) was used for reconstruction
(spiking) experiments. Todd Hewitt (TH) broth was
inoculated with S. aureus and cultured overnight at
35 °C. Subsequently, a 1:100 dilution was made in fresh
TH broth (5 mL) for additional culturing to exponential
phase (optical density 0.2 at 600 nm; approximately 1
x 107 cells/mL).

Spiking of S. aureus in TH broth and whole blood

See Figure 1 for an overview of the experimental setup.
S. aureus bacteria grown in exponential phase were
diluted in either TH broth or pooled (of similar blood
type, i.e., O+), 1 d old, residual whole blood from
healthy volunteers. The 100 and 10 colony forming units
(CFU)/mL dilutions were made in 2 tubes with an end
volume of 10 mL TH broth or whole blood, respectively.
To one tube an overdose of flucloxacillin (floxapen 5 ug/
mL, 1 mL, Actavis, Baarn, the Netherlands) was added
(to kill the bacteria) and to the other 1 mL physiological
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Table 1 Primers and probes used in this study

Gene Forward primer 5'-3' Reverse primer 5'-3' Probe 5'-3' Ref.
tuf tectggttcaattacaccacatactg ggaaatagaattgtggacgatagtttga FAM-tgataatacrtawacttctgc-BHQ1 [24]
16S acggtcttgctgtcactta tacacatatgttcttccctaataa VIC-gtaacggcttaccaaggc-BHQ1 [22]

10 CFU/mL S. aureus in
remnant whole blood

100 CFU/mL S, aureus in TH broth

Incubation at room temperature
with or without flucloxacillin

Sampleonday0, 1, 3, 6

RNA isolation DNA isolation Determine
CFU/mL
cDNA synthesis Real-time PCR S. aureus:

tuf gene or 16S gene

Figure 1 Overview of the experimental setup. CFU: Colony forming unit;
S. aureus: Staphylococcus aureus; TH: Todd Hewitt; PCR: Polymerase chain
reaction.

salt solution, this was used as a control. Both tubes
were placed on a shaker at room temperature. On
days 0, 1, 3, and 6, 200 uL samples were taken from
both tubes (flucloxacillin treated and untreated) for
DNA and RNA isolation. Additionally, 100 uL was taken
to determine CFU/mL on blood agar plates (Tryptone
Soya Agar with sheep blood, Oxoid Deutschland GmbH,
Wesel, Germany). Bacterial death was defined as the
inability of producing colonies on bloodagar.

DNA and RNA isolation

The obtained 200 uL samples (TH broth and whole
blood) were centrifuged at 14000 rpm for 2 min. The
supernatant was removed and the pellet was washed
once with 200 pL ultra-pure water and centrifuged for 2
min at 14000 rpm. The obtained pellet was resuspended
in 20 uL lysozym (12.5%) and 75 uL lysostaphin (100
ug/mL) and incubated for 30 min at 37 ‘C while shaking
(1000 rpm). RLT buffer with p-mercaptoethanol (1:100)
(Qiagen RNA blood mini kit) was added and the samples
were stored at -80 °C until all time points were collected.
The EasyMAG (BioMérieux, Marcy L'Etoile, France) was
used for DNA isolation by using the specific B protocol.
RNA was isolated by using the RNA blood mini kit
(Qiagen), according to manufacturer’s instructions.
DNAse treatment was performed as described in the
manual provided (Qiagen RNA blood mini kit) using
columns to degrade the DNA in the samples.
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cDNA synthesis with random primers

Reverse transcription was performed on RNA samples
using the SuperScript™ 1[I First-Strand Synthesis
System for real-time-PCR (Invitrogen, Carlsbad, CA,
United States, according to manufacturer’s protocol).
Each sample was split in two for the plus and minus
reverse transcriptase reaction to check DNA degradation
(DNAse treatment on column).

Real-time PCR for tuf and 16S rRNA

Table 1 for an overview of the used primers and probes
(tuf and 16S rDNA). The 16S rDNA primers, specific for
most clinically relevant staphylococci, were described by
Matsuda et al*?. However, the 16S rDNA forward primer
was slightly modified to adapt to proper annealing
temperature. An XS- probe (Biolegio, Nijmegen, The
Netherlands) for Staphylococcus spp. detection based
on 16S was specifically designed. The PCR mix used has
been described previously™™, Additionally, tuf or 16S
primers (900 nmol/L), tuf or 16S probe (200 nmol/L),
and 5 pL sample were added to obtain an final volume
of 20 uL. A positive and negative control (nuclease free
water) were added in each PCR run. The tuf PCR and
program used were described previously™, Both PCRs
were run in white plates on the LightCycler 480 II
(Roche Diagnostics).

RESULTS

Detection of S. aureus DNA, rRNA, and mRNA after
antibiotic treatment from TH broth
In absence of flucloxacillin the S. aureus bacteria con-
tinued to grow. At day O, on average 330 + 28 (average
+ SD) CFU/mL were detected on bloodagar plates (Table
2). At days 1, 3, and 6 the CFU/mL increased to > 1000
CFU/mL. In contrast, bacterial growth was arrested in
flucloxacillin (antibiotic) treated samples and no colonies
were detected on bloodagar at days 3 and 6.

Simultaneously, samples were taken for DNA
and RNA isolation. In the absence of flucloxacillin, Ct
values of both 16S (DNA and rRNA) and tuf (DNA and
mMRNA) decreased in time (Figure 2). In the presence
of flucloxacillin, DNA of the 16S rDNA gene and the tuf
gene were detected until day 6, while bloodagar plates
indicated absence of culturable S. aureus on day 3. 16S
rRNA also remained detectable up to 6 d of treatment.
However, tuf mRNA could not be detected on days 3
and 6. The data indicate that S. aureus DNA and rRNA
can still persist in the absence of viable bacteria as
demonstrated using culture.

The Ct values obtained on day zero are similar for
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—4— DNA 165 floxapem —4— DNAtuf floxapem
—l— DNA 16S untreated —ll— DNA fuf untreated

40 - A\ rRNA 16S floxapem 40 - —A\— mRNA {uf floxapem

35 - —J— rRNA 16S untreated 351 —Jl— mRNA {uf untreated

30 - 30 -
3 51 R
g g
5 20+ 8 20F

15 15 -

10 10

5 5
0 1 3 6 0 1 3 6
t/d t/d

flucloxacillin Yes No Yes No Yes No Yes No
(floxapen) DNA 16S DNA 16S rRNA 16S rRNA 16S DNA 7uf DNA 7uf mRNA 7uf mRNA 7uf
Days Average | SD | Average | SD |Average| SD |Average| SD | Average| SD | Average| SD |Average| SD | Average | SD
0 30.09 | 0.34| 30.57 [1.65]| 30.64 | 449 | 29.09 | 3.87 | 32.01 [ 042 | 3241 [ 098 | 33.41 |3.66| 3495 | 548
1 28.61 | 040 | 2146 [0.65| 29.73 | 0.30 | 23.84 | 1.72 | 30.80 | 0.59 | 23.39 [ 0.99 | 37.02 |0 2942 | 1.71
3 29.62 | 0.62 | 16.95 [0.04| 30.00 | 0.71 | 20.17 [ 093 | 31.72 | 0.46 | 18.95 | 0.29 24.77 | 2.95
6 27.72 | 1.11 9.62 |0.16 | 30.49 | 2.08 [ 10.00 | 0.00 [ 29.83 | 1.38 | 11.31 | 0.46 14.35 [ 0.06

Figure 2 Staphylococcus aureus polymerase chain reaction results with and without flucloxacillin treatment in Todd Hewitt broth. S. aureus bacteria
(100 CFU/mL) continue to grow in absence of flucloxacillin and as a result DNA and RNA levels of both tuf and 16S increase in time (Ct values decrease). When
flucloxacillin is added 16S DNA, 16S rRNA, and tuf DNA levels remain relatively stable in time. Whereas fuf DNA is still detectable, tuf mRNA is not detectable on day

3 and 6 after flucloxacillin treatment. The experiment was performed twice. Ct values are depicted. CFU: Colony forming unit; S. aureus: Staphylococcus aureus.

Table 2 Plate counts of Staphylococcus aureus samples with

or without flucloxacillin treatment from Todd Hewitt broth

(Figure 3) show that in both presence and absence
of flucloxacillin bacterial numbers decrease. DNA and
RNA measurements of 16S and tuf also showed growth

Flucloxacillin Yes No arrest, both in presence and absence of flucloxacillin,
Average ) Average SD as no decrease in Ct values was observed in time (0-6
Days 0 290 14 330 28 d) (Figure 3), this in contrast to the results obtained by
1 3 7 lidiitgy LD using spiked TH broth in absence of flucloxacillin (Figure
3 0 0 Inf%n%ty ND 2)
6 0 0 Infinity ND

Numbers represent colony forming units/mL. Infinity: Uncountable plate
due to large amount of colonies; ND: Not determined.

both 16S DNA and rRNA with(out) flucloxacillin. This is
not true for tuf DNA and mRNA. Ct values obtained for
tuf mRNA are on average 2 Ct higher as compared to
tuf DNA (day 0).

These results demonstrate that tuf mRNA is the
nucleic acid target that could only be detected from
samples which contain culturable bacteria. DNA and
rRNA targets could be detected in flucloxacillin treated
S. aureus cultures that do not further contain culturable
bacteria. This experiment was performed twice on
independent days, and showed similar results.

S. aureus viability measurements from spiked whole
blood

In order to mimic a bloodstream infection, whole blood
samples instead of TH broth were spiked with log phase
S. aureus and growth was measured both in presence
and absence of flucloxacillin. Furthermore, a more
clinical significant initial bacterial load was used of 10
CFU/mL (instead of 100 CFU/mL). The plate counts
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The Ct values obtained by detecting 16S DNA
and rRNA are lower as compared to the Ct values for
tuf DNA and mRNA. A difference of at least 6 Ct was
observed when comparing 16S rRNA levels to tuf mRNA
levels. When comparing Ct values for DNA detection of
both genes the differences were less pronounced, but
still significant (approximately 3 Ct). A clear difference
was observed between the spiked TH broth samples
(Figure 2) and the spiked whole blood samples at day
zero (Figure 3). Ct values for 16S DNA and rRNA were
comparable in TH broth (day 0), but not in whole blood.
For tuf DNA and mRNA this phenomenon was also
observed, in whole blood the Ct values for tuf mRNA
were lower than for tuf DNA (day 0). Furthermore,
there seemed to be a trend towards higher Ct values
from day 0-6, independent of flucloxacillin, for both 16S
rRNA and tuf mRNA in whole blood. This confirms the
culture results obtained from whole blood.

In addition, it was investigated whether fresh (max
1 h) and residual (1 d old) whole blood differed in their
performances as medium for bacterial culture. TH broth
was used as a control: In the absence of flucloxacillin
large amounts of colonies were detected up to 6 d of
culture, while in the presence of flucloxacillin colonies
were detected on days 0 and 1, and no colonies were
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—4— DNA 165 floxapem —4)— DNA tuf floxapem
—l— DNA 16S untreated —l— DNA {uf untreated
40.00 A rRNA 165 floxapem 40.00 —A— mRNA tuf floxapem
—— rRNA 16S untreated —M— mRNA {uf untreated
o =0T :>%>t’
3 g -
S 30.00 g 30.00 -
S 5
25.00 25.00 -
20.00
0 1 3 6 20.00 0 1 3 6
t/d t/d
flucloxacillin Yes No Yes No Yes No Yes No Yes No
(floxapen) DNA 16S | DNA 16S rRNA 16S rRNA 16S DNA 7uf DNA 7uf | mRNA 7uf | mRNA 7uf | plate counts
Days
0 33.43 33.67 25.17 24.62 36.09 35.27 31.95 32.12 12 6
1 32.15 32.35 25.55 26.15 33.82 34.57 32.89 33.60 5 7
3 32.10 32.06 26.69 25.86 34.30 33.55 34.29 35.04 7 2
6 31.56 32.54 31.13 30.28 33.72 35.16 1 0

Figure 3 Staphylococcus aureus polymerase chain reaction results with and without flucloxacillin treatment in whole blood. Both 16S and tuf DNA levels
remain relatively stable in time in presence and absence of flucloxacillin. 16S rRNA and tuf mRNA show an increase in Ct values (reduction in RNA level). Tuf mRNA

was not detectable on day 6. Ct values and CFU/mL (plate counts) are depicted.

Table 3 Plate counts of Staphylococcus aureus with or

without flucloxacillin treatment from Todd Hewitt broth,
fresh whole blood (1 h) and remnant whole blood (1 d)

TH broth  Fresh whole blood Remnant whole blood
Flucloxacillin ~ Yes No Yes No Yes No
Days 0 20 22 10 4 3 6
1 14 Infinity 2 3 1 1
3 0 Infinity 1 0 3
6 0 Infinity 1 0 0 0

Numbers represent colony forming units/mL. Infinity: Uncountable plate
due to large amount of colonies; TH: Todd Hewitt.

detected on bloodagar plates on days 3 and 6 (Table
3). Plate counts from spiked blood samples did not
resemble those obtained from spiked TH broth samples.
The initial plate count on day 0, while initiated from the
same log phase culture, was half or less when compared
to the count on day 0 for TH broth samples. However,
no significant differences were observed between fresh
and residual blood samples both in presence or absence
of flucloxacillin.

DISCUSSION

For patient survival it is important to provide fast and
accurate identification of BSI causing pathogens. Only
viable microorganisms can be cultured, and fastidious
or damaged organisms can be present in whole
blood but often remain culture negative. Molecular
diagnostics might provide solutions for these problems,
as pathogens in antibiotic treated patients who remain
culture negative (due to presence of antibiotics in the
bloodstream) can be identified by PCR™®*®!, As BSI
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is defined as the presence of viable pathogens in the
bloodstream, it might be important for a molecular
assay to allow pathogen viability measurements from
whole blood.

The results that were obtained after spiking S.
aureus in TH broth, with and without flucloxacillin,
indicated that tuf mRNA might be a more promising
marker to measure viability than DNA and rRNA. Tuf
mRNA levels correlated with the culture results from
both TH broth and whole blood, whereas 16S DNA, 16S
rRNA and tuf DNA levels did not. These data confirm
results from previous studies'®'**>*%,

The S. aureus bacteria used in this study seemed
to die in whole blood (growth reduction on agar plates
in absence of flucloxacillin) or enter a state in which
they are viable but non-culturable (VBNC)®"**°, Bacteria
enter the VBNC state in response to stress, such as
starvation, incubation outside the growth temperature
range, or oxygen concentration®”’, In this study, several
stressful conditions might have been present. S. aureus
was cultured in whole blood in which white cells might
inhibit bacterial growth®. Additionally, incubation took
place at room temperature (RT) for 6 d, and waste
products were not removed from the culture tube. In
future studies, it might be useful to remove the white
blood cells from whole blood before spiking (buffy coat),
and incubate the samples at 35 C instead of RT to
create better growth conditions. Furthermore, different
S. aureus strains need to be tested to confirm our
results.

In this study, bacteria were considered dead when
they were unable to produce colonies on bloodagar.
However, as mentioned before, bacteria can enter a
VBNC under stressful conditions'”’*", Bacteria that are
not culturable can potentially still be viable and infective.
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A limitation of this study is that bacterial viability was
only measured by colony formation on bloodagar plates.
In future studies additional methods to assess bacterial
viability might be included, for instance the Live/Dead
BacLight Bacterial Viability Kit (Invitrogen). This kit
provides two nucleic acid stains [green-fluorescent
SYTO 9 dye and red-fluorescent propidium iodide (PI)]
to be able distinguish live bacteria (intact membranes)
from dead bacteria (compromised membranes). PI
is a cell membrane impermeable dye and can only
enter compromised pathogens. Another option to
differentiate live from dead pathogens is exposure to
the dye propidium monoazide (PMA) followed by real-
time PCR. PMA cannot penetrate viable cells with intact
cytoplasmic membranes®™!. The PMA dye can enter
dead pathogens and bind DNA, thereby inhibiting PCR
amplification.

The Ct values obtained for S. aureus spiked in
TH broth are different from those in the whole blood.
Because a lower amount of S. aureus bacteria (10
CFU/mL) was spiked in whole blood, as compared to
TH broth (100 CFU/mL), one would expect the Ct value
to be 3,3 (1 log) higher in whole blood samples. This
difference of approximately 3 Ct was seen in whole
blood as compared to TH broth for DNA (both 16S and
tuf). However, the Ct values obtained for tuf mRNA and
16S rRNA (t = 0) were higher in TH broth as compared
to whole blood (approximately 2 and 5 Ct, respectively).
Both RNA targets (tuf and 16S) seem to be expressed
at a higher level in whole blood. This unexpected
phenomenon might be a result of the difference in
environment (blood vs broth). This confirms findings
reported by Cenciarini et a*¥ who showed that it
is difficult to compare RNA viability markers for one
pathogen kept in different conditions.

In this study, detection of mRNA and rRNA was
performed by using reverse-transcription real-time
PCR. Birch et al*" investigated the use of PCR, real-
time-PCR and nucleic acid sequence based amplification
(NASBA) for assessment of bacterial viability. They
found that NASBA offered the highest sensitivity of the
three methods tested. However, presence of residual
fliC DNA and mRNA could be detected by NASBA 30
h post-death (culture negative). Other studies have
shown that RNA detection by NASBA could be used
to monitor infections after antibiotic treatment**?.,
These contradictory findings again demonstrate that
it is important to thoroughly investigate which RNA
target is suitable for viability measurement of a certain
pathogen.

In this study, results were obtained from as little as
200 pL whole blood. Larger volumes of blood are needed
to be able to detect clinical relevant bacterial loads".
As bacterial enrichment is a prerequisite to be able to
detect bacteria from whole blood, RNA isolation methods
should include such an approach. Both Polaris (Biocartis,
Mechelen, Belgium) and MolYsis (Molzym GmbH,
Bremen, Germany) have developed suitable techniques
for pathogen DNA enrichment from large volumes of
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blood™, However, these enrichment strategies are not
suitable for RNA isolation. A small pilot study indicated
that the first steps, of both the MolYsis and the Polaris
pathogen enrichment methods, in which human cells
and DNA were removed, did not kill the pathogens
present in the whole blood samples as shown by positive
cultures (data not shown).

In conclusion, this study clearly demonstrated that
detection of S. aureus tuf mRNA, in contrast to DNA
and rRNA, correlates to bacterial viability status as
determined by culture. Therefore, tuf mMRNA might be
a promising marker to measure active S. aureus blood-
stream infection. After development of RNA isolation
procedures from large volumes of whole blood, future
clinical studies are needed to validate the preliminary
findings obtained in this study.
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