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produced in both cell types following stimulation with C. difficile or
S. typhimurium flagellin, but not with vehicle, in the presence of the
control antibody (Fig. 4C, D). In contrast, CCL20 production by C. difficile
or S. typhimurium flagellin was significantly inhibited in cells treated
with the anti-TLR5 neutralizing antibody. These results demonstrated
that C. difficile flagellin also induced CCL20 production that is mediated
by TLRS.

C. difficile flagellin-induced production of IL-8 and CCL20 is mediated by
p38

We next investigated the role of MAPK activation in C. difficile
flagellin-induced production of IL-8 and CCL20. MAPKs are known
to be activated by activation of TLR5 and to be important for media-
tion of their downstream signaling. Western blotting of Caco-2 cells
indicated that p38 was phosphorylated after stimulation with C difficile
flagellin (Fig. 5A). In contrast, no detectable ERK phosphorylation was
observed after C. difficile flagellin stimulation (Fig. 5B). The phosphory-
lation of p38 that was observed following stimulation of Caco-2 cells
with either S. typhimurium or C. difficile flagellin was inhibited in cells
treated with anti-TLR5 neutralizing antibody (Fig. 5C). These results in-
dicated that stimulation with C difficile or S. typhimurium flagellin leads
to p38 phosphorylation via TLR5. We next examined whether p38 is in-
volved in C. difficile flagellin-induced chemokine production. C. difficile
flagellin stimulation of IL-8 (Fig. 5D) and CCL20 (Fig. 5E) production
by Caco-2 cells was decreased by inhibition of p38 activation using the
p38 inhibitor SB203580. These results indicated that p38 is partially in-
volved in the production of IL-8 and CCL20 that is induced by C difficile
flagellin and is mediated by TLR5.
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C. difficile toxin B promoted flagellin-induced production of IL-8 and
CCL20 in proportion to the levels of TLR5 expression

We next investigated the potential role of C. difficile toxin B in flagel-
lin induction of IL-8 and CCL20 production. We first determined if toxin
B affects the epithelial barrier of the Caco-2 cell model epithelial system,
which might regulate access of flagellin to TLR5 on the basolateral side
of the cells. The time course of TEER was therefore examined in Caco-2
cells that were cultured as a tight, confluent monolayer and were stim-
ulated with the C difficile toxin B, C. difficile flagellin and vehicle for the
indicated times over 24 h. TEER levels decreased rapidly after addition
of toxin B (Fig. 6A), indicating that toxin B did disrupt the epithelial bar-
rier of this model epithelial system. However, TEER levels did not
change after addition of flagellin and vehicle. We next assayed the effect
of toxin B on IL-8 and CCL20 production by Caco-2 cells stimulated with
vehicle control, C. difficile toxin B, C. difficile flagellin, or C. difficile toxin B
plus C. difficile flagellin. Cells treated with toxin B or flagellin produced a
higher level of the chemokines IL-8 and CCL20 than control cells. Inter-
estingly, stimulation with toxin B and subsequently with flagellin in-
duced significantly higher levels of 1L-8 and CCL20 compared with
individual stimulation (Fig. 6B, C). Stimulation with toxin B and subse-
quently with flagellin induced high levels of IL-8 and CCL20 (4.73 and
3.75 folds, respectively) compared with flagellin stimulation.

Discussion
Little is known about the role of the C. difficile flagellin especially

in the occurrence of CDAD. In this study, we therefore examined
mechanisms by which C. difficile flagellin is involved in the activation
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Fig. 5. C. difficile flagellin-induced production of IL-8 and CCL20 is partially mediated by p38. (A, B) Caco-2 cells were stimulated with 1.0 mg/ml of C. difficile flagellin for the indi-
cated times, following which phosphorylation of p38 (p-p38) (A) and ERK (p-ERK) (B) was examined by Western blot analysis. The corresponding non-phosphorylated protein
levels were also assayed. (C) Anti-TLR5 antibody (lanes D and E) or a control antibody (lanes A-C) was added into the culture medium of Caco-2 cells for 1 h. The cells were
then stimulated with vehicle (lane A), 100 ng/ml of the positive control S. typhimurium flagellin (lanes B and D) or 1.0 mg/ml of C. difficile flagellin (lanes C and E) for 1 h. Phos-
phorylation of p38 was examined as in (A). (D, E) Caco-2 cells were pretreated with or without the p38 inhibitor SB203580 (10 puM) for 2 h. The cells were then stimulated with or
without 1.0 mg/ml of C. difficile flagellin for 16 h. The concentration of IL-8 (D), or CCL20 (E) was then measured using an ELISA.
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Fig. 6. C. difficile toxin B promoted flagellin-induced CCL20 production by increasing TLR5 expression. (A) Caco-2 cells were cultured as a confluent monolayer and stimulated with
0.25 pg/ml of C. difficile toxin B, 1.0 mg/ml of C. difficile flagellin and vehicle. Transepithelial electrical resistance (TEER) was measured at the indicated times. (B, C) Caco-2 cells
were treated with vehicle or with 0.25 pg/ml of C difficile toxin B for 1 h, and were then stimulated with vehicle or with 1.0 mg/ml of C. difficile flagellin for 16 h. The level of

IL-8 (B) or CCL20 (C) production was measured using an ELISA.

of intestinal epithelial cells. We demonstrated for the first time that
extracted C. difficile flagellin stimulated intestinal epithelial cells via
TLR5 (Figs. 2-4). We also demonstrated that stimulation by C. difficile
flagellin induced activation of NF-kappaB and p38 and the production
of IL-8 and CCL20 similar to stimulation of cells by flagellin of other
bacteria (Hayashi et al., 2001; Tallant et al.,, 2004; Yu et al., 2003).
The production of these chemokines was mediated by p38 activation
(Fig. 5), which is known to play an important role in TLR5 signaling.
Our results indicated that C difficile flagellin plays an important role
in the pathogenesis of CDAD, similar to the role of S. typhimurium fla-
gellin in S. typhimurium infection (Fournier et al., 2009).

Only a few reports have been published regarding the biological role
of C. difficile flagellin (Delmee et al., 1990; Tasteyre et al.,, 2000), and a
method for the extraction of C. difficile flagellin has not been fully
established. Although a single 39 kDa band was observed by Coomassie
Brilliant Blue staining following flagellin extraction (Fig. 1), we cannot
exclude the possibility that the C. difficile flagellin used in this report
might include other components of the bacterial body and that the
cells might be activated through these contaminating components.
Nevertheless, we showed that inflammatory cytokine production that
was induced by our flagellin preparation was inhibited to basal levels
in cells treated with anti-TLR5 antibody (Figs. 3, 4). These results indi-
cated that the extracted C. difficile flagellin stimulated intestinal epithe-
lial cells via TLRS.

In this report, cells were stimulated with 1 mg/ml of C. difficile flagel-
lin. In our hand, 100 pg/ml and more of C. difficile flagellin were needed
to induce chemokine production (Figs. 3, 4). It remains to be determined
why high amount of C difficile flagellin was needed for activation of in-
testinal epithelial cells. No reports have been published that describe
concentration of C. difficile flagellin for cell activation. C. difficile does
not usually have high virulence, and some of C. difficile are needed to in-
crease much more in numbers to lead intestinal inflammation (van der
Waaij, 1989). Although small amount of C. difficile always exist in the

intestine, C. difficile does not usually develop diarrhea. C. difficile infection
does not occur until C. difficile increases in number by antibiotic treat-
ment. This might explain why higher amount of C. difficile flagellin was
needed to stimulate intestinal epithelial cells.

Flagellin was known to be a ligand of TLR5 expressed in the intes-
tinal tract. We thought that flagellin might play a role in occurrence of
CDAD, probably collaborated with toxins. We therefore examined the
effect of C. difficile flagellin on intestinal epithelial cells in the pres-
ence of C. difficile toxin B which was essential, and a key virulence de-
terminant, for CDAD (Lyras et al., 2009). Previous reports showed that
the Caco-2 model epithelial system used in our experiments closely
resembles the membrane barrier of the large intestinal epithelium in
vivo (Madara et al,, 1988; Pontier et al., 2001). By analysis of TEER levels,
we demonstrated that toxin B grossly disrupts tight junctions of the
Caco-2 intestinal epithelial cell monolayer. This result suggested the
possibility that toxin B disruption of tight junctions of intestinal epithe-
lia might allow flagellin to reach the basolateral side of the epithelia,
where it can stimulate the intestinal epithelial cells via TLR5. Almost
all of the cell surface TLR5 is known to be distributed on the basolateral
side of human colon epithelial cells, with only a few TLR5 distributed on
the apical side (Gewirtz et al., 2001; Rhee et al., 2005). Consistent with
our theory, stimulation of Caco-2 cells with toxin B and subsequently
with flagellin induced significantly greater IL-8 and CCL20 production
than stimulation with either toxin B or flagellin alone (Fig. 6B, C).
These results demonstrated that collaboration of C. difficile flagellin
with toxin B leads to enhanced production of inflammatory cytokines
and therefore might lead to more intense inflammation at sites of
infection.

Kuehne et al. (2011) demonstrated that C. difficile strains express-
ing either toxin A or toxin B alone are virulent. We purchased toxin A
(List Biological Laboratories, Inc., Campbell, CA) and examined the
function of toxin A in collaboration with C. difficile flagellin. However,
toxin A did not promote cytokine productions induced by flagellin
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(data not shown). These results might suggest that our results should
adopt CDAD caused by toxin A negative/toxin B positive C. difficile
only which is now spreading in clinical settings (Drudy et al., 2007).
Jarchum et al. (2011) recently showed by using a murine model
that TLR5 stimulation protects mice from acute C. difficile colitis. In
this study flagellin derived from S. typhimurium, not C. difficile flagel-
lin, was administered one day before C. difficile infection, and exam-
ined how Salmonella flagellin had effect on C. difficile infection. This
study is important when we consider the pathogenesis of C. difficile in
the presence of many strains of bacteria in the intestinal tract, while
our study is focus on the mechanism by which C. difficile toxin damage
intestinal epithelial cells in collaboration with C. difficile flagellin.

Conclusion

In this study, we showed that C. difficile flagellin might have some
roles in the pathogenesis of CDAD. However, further studies with the
whole bacterium will be needed to reveal the role of flagellin in C. difficile
infection.
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Changes in the Mean Platelet Volume Levels
after Bloodstream Infection Have Prognostic Value

Takatoshi Kitazawa', Yusuke Yoshino', Keita Tatsuno', Yasuo Ota® and Hiroshi Yotsuyanagi'

Abstract

Objective Thrombocytopenia is frequently observed during bloodstream infection (BSI); however, little is
known about the trends in platelet size during BSI. The aim of this study was to investigate trends in platelet
indices during BSI and to determine the relationship between the mean platelet volume (MPV) levels and the
prognosis of BSI patients.

Methods We conducted a four-year retrospective study to assess the trends in the platelet indices and the
clinical features of BSI. We enrolled 350 patients with positive blood cultures and measured the platelet indi-
ces during five periods: 30 to seven days before onset (1st period); within one day of onset (2nd period);
three to five days after onset (3rd period); seven to 10 days after onset (4th period); and 14 to 19 days after
onset (5th period). The end point was defined as 30-day mortality.

Results Among the BSI patients, the average platelet count decreased during BSI (29.4 “10°/L to 24.0 "10%
L, p<0.001), while the average MPV level increased (7.33 fL to 7.89 fL, p<0.001). The degree of MPV ele-
vation in the nonsurvivors (n=25) was lower than that observed in the survivors (n=325) between the 1st and
2nd periods (0.00 fL vs. 0.35 fL, p=0.006), whereas between the 2nd and 3rd periods, the degree of MPV
elevation in the nonsurvivors was higher than that observed in the survivors (0.74 fL vs. 0.19 fL, p=0.03).
MPV elevation after BSI was identified to be a negative prognostic factor for BSI (odds ratio: 1.82; 95%
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confidence interval: 1.00-3.32; p=0.027).

Conclusion Changes in the MPV levels after BSI may therefore be a useful prognostic marker for BSI.

Key words: mean platelet volume, bloodstream infection, prognosis

(Intern Med 52: 1487-1493, 2013)
(DOI: 10.2169/internalmedicine.52.9555)

Introduction

Bloodstream infection (BSI) is a systemic infection that
can lead to sepsis and high morbidity and mortality. The in-
cidence of BSI increased from 147 to 168 per 100,000 peo-
ple (average annual increase, 4.4%) in a population-based
surveillance conducted in Finland from 2004 to 2007 (1).
The mortality of nosocomial BSI caused by major pathogens
is 24.5% in Japanese university hospitals (2). BSI often in-
volves numerous organs and systems, including the hema-
topoietic system. Thrombocytopenia is frequently observed
in BSI patients, particularly in severe cases (3-5). In con-
trast, thrombocytosis can occur after recovery from BSI (6).

However, dysfunction of platelets in patients with BSI can
only be determined by assessing the platelet count (7). The
mechanism and degree of platelet dysfunction during BSI
remain unclear.

Platelet indices, based on the platelet size, have been
available to clinicians since the early 1970s (8). Among
platelet indices, the mean platelet volume (MPV) and plate-
let distribution width (PDW), which approximate the coeffi-
cient of variation of the platelet population, are reportedly
associated with the platelet function (9). Several studies
have found that MPV plays a role in the diagnosis and man-
agement of patients with cardiovascular diseases, such as
myocardial infarction and diabetes mellitus (10-12). Few
studies have investigated the relationship between MPV and
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sepsis outcomes (13-16), and such studies have only been
performed in small populations or with unclear timing of
MPV measurement. Therefore, little is known about the
trends in the platelet indices during BSI and the relationship
between changes in the platelet indices and the outcome of
BSL

The aim of this study was to elucidate trends in platelet
indices during BSI and to assess the relationships between
these indices and the prognosis.

ous variables were compared using Student’s #-test or the
Mann-Whitney U test. Pearson product moment correlation
coefficients were determined in order to evaluate possible
relationships among the platelet indices. A multivariate
analysis was performed using a binary logistic regression
analysis that allowed for adjustment of confounding factors.
All p values were two-sided, and p<0.05 was considered to
be significant. All analyses were performed using the SPSS
software package for Windows (Ver.10.1).

Materials and Methods

Results

Patients

The subjects comprised all BSI patients 220 years of age
admitted to the University of Tokyo Hospital (a tertiary
teaching hospital with 1,150 beds) between April 2003 and
March 2007. BSI was defined as positive blood cultures and
clinical manifestations of infection (e.g., fever, chills and/or
hypotension). The onset of BSI was defined as the time
when positive blood cultures were collected. Patients who
experienced more than one episode of BSI caused by the
same pathogen within 30 days of the previous episode were
regarded as having one episode of infection. The platelet in-
dices were measured during each of the following five peri-
ods: between 30 and seven days before the onset of BSI (st
period); between zero and one day after the onset of BSI
(2nd period); between three and five days after the onset of
BSI (3rd period); between seven and 10 days after the onset
of BSI (4th period); and between 14 and 19 days after the
onset of BSI (5th period). Patients lacking platelet index
data for the initial three periods were excluded. Patients
with preexisting hematological diseases, chronic viral hepati-
tis, disseminated intravascular coagulation based on the cri-
teria of the Japanese Ministry of Health and Welfare (17),
myocardial infarction or diabetes mellitus were also ex-
cluded in order to prevent measurement inconsistencies. This
study was approved by the relevant institutional review
boards. Written informed consent was waived in this study
due to the retrospective nature of the investigation.

Data collection

The platelet indices were determined in 2-mL blood sam-
ples in dipotassium ethylenediaminetetraacetic acid (EDTA)
tubes using a hematology analyzer (XE-5000; Sysmex Cor-
poration, Kobe, Japan). For the blood cultures, the speci-
mens were inoculated into BacT/ALERT FA (bioMerieux),
and the positivity of the blood cultures was assessed using
the BacT/ALERT 3D system. To collect demographic and
clinical information, medical records were reviewed retro-
spectively.

Statistical analysis

The relationships between categorical variables were ana-
lyzed using Pearson’s chi-squared test. Fisher’s exact test
was used when the expected count was less than 5. Continu-

Demographic data of the patients with BSI

Of the 2,309 patients with positive blood cultures during
the four years of surveillance, 350 met the inclusion criteria
in that their platelet indices were measured in all of the
three initial periods (Table 1). Among these 350 patients,
185 were men (53%) and 165 were women (47%). The av-
erage age of the patients was 67.2+15.6 years (range, 21-94
years). With respect to preexisting conditions, 137 (39%)
patients had malignancies other than hematology and were
treated without chemotherapy. Only in 104 patients were
primary infections other than catheter-related BSI identified
(30%).

Trends in the platelet indices during BSI

Trends in the platelet indices during BSI were examined.
The platelet counts, MPV levels, plateleterit levels and plate-
let PDW during BSI are shown in Table 2. The average
platelet count decreased in the 1st and 2nd periods, then
gradually increased thereafter to the baseline level. The av-
erage MPV level increased from the Ist period to the 3rd
period and was negatively correlated with the platelet count
("=-0.327, -0.377, -0.446, -0.487, -0.460; p<0.001). These
results indicate that the platelet indices change synchro-
nously, then gradually normalize after infection.

Changes in the platelet indices in the survivors and
nonsurvivors during BSI

Among the 350 patients with BSI, 25 patients (7.2%)
died within 30 days of BSI onset. The nonsurvivors had a
mean survival time of 17.5 days (range 5-30 days). The
demographic characteristics of the survivors and nonsurvi-
vors are shown in Table 1. The average age of the nonsurvi-
vors was higher than that of the survivors, although the dif-
ference was not significant. The rates of preexisting diseases
were similar between the two groups. The rates of fungal
and polymicrobial BSI in the nonsurvivors were higher than
those observed in the survivors, and the ratio of BSI patho-
gens between the two groups was significantly different (p<
0.01).

The platelet indices in the measured periods were com-
pared between the nonsurvivors and survivors (Fig. 1). In
the 1st and 2nd periods, the average platelet count was simi-
lar between the two groups (Fig. 1A). In the 3rd period or
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Table 1. Demographic Data of Patients with BSI and 30-day Mortality

Number (%) of  Number (%) of Number (%) of

total patients non-survivors survivors

Factors {n=350) (n =25} (n=315) D

Age (years; mean + SD) 672156 723£113 66.8 + 15.7 0.15%

Male 185 (53) 17 (68) 168 (52) 0.12°

Pre-existing diseases 0.66°
Malignancy 142 (41 12 (48) 130 (40)
Autoimmune diseases 30 (9) 1 @ 29 (9
Cardiovascular diseases 62 (18) 3 (12) 59 (18)

Others 116 (33) 9 (36) 107 (33)

Pathogen <0.01°
Gram-positive bacteria 166 (47) 11 (44) 155 (48)
Gram-negative bacteria 138 (3% 5 (20) 133 (41
Fungi 25 (7 6 (24) 19 (6)
Polymicrobials 22 (6) 3 (12 18 (6)

Primary site infection 0.17°
Catheter related infection, Unknown 246 (70) 16 (64) 230 (71
Intraabdominal infection 59 (17 4 (16) 55 (17)

Urinary tract infection 24 (D) 2 (8 22 (T
Pneumonia 6 (2) 2 (8 4 (D
Skin, soft tissue infection, osteomyelitis 15 4 [ C)) 4 @)

Data are shown as numbers and proportions compared to total number of patients in
each group. BSI: bloodstream infection. * Mann-Whitney U test. ® Fisher’s exact test.
¢ Pearson's chi-squared test.

Table 2. Platelet Indices during BSI

Period (time from onset of BSI, days) Platelet count (*10°/L) Mean platelet volume (fL)

P<T) 29.4+13.1 7.33+0.91
27(0-1) 23.4411.7° 7.65+1.06°
34 (3-5) 240+13.3 7.89+1.21°
4™ (7-10) 308+ 15.8° 7.69£1.19°
5% (14-19) 311+ 15.1 754+1.04°

Data are shown as mean and standard deviation. Periods represent each period in which
platelet indices were measured, and days from onset of BSI are given in parentheses.
*Significantly different from data in previous period by Student’s t-test (p < 0.001). BSI:
bloodstream infection.

147

later, the average platelet count in the nonsurvivors did not
increase, whereas the average platelet count in the survivors
gradually increased (5th period; 23.3 "10°/L vs. 31.5 "10°/L,
p=0.04). The average MPV level was similar between the
nonsurvivors and survivors in the 1st period, (7.42 fL vs.
7.33 {L, p=0.64) (Fig. 1B). In the 2nd period, the average
MPYV level in the nonsurvivors was lower than that observed
in the survivors, although the difference was not significant
(7.42 fL vs. 7.67 1L, p=0.26). In contrast, in the 3rd period
or later, the average MPV level in the nonsurvivors was
slightly higher than that observed in the survivors (4th pe-
riod; 8.36 L vs. 7.64 fL, p=0.08). These results indicate
that nonsurvivors exhibit different trends in platelet indices
than survivors, although the values of the indices did not
differ significantly between the two groups.

Changes in the platelet counts and MPV levels during the
three periods are shown in Fig. 2. The changes in the plate-
let counts in the nonsurvivors differed significantly from

those observed in the survivors in the Ist and 2nd periods
only (-3.56 “10°/L vs. 1.08 10°/L, p=0.02) (Fig. 2A). The
increases in the MPV levels were significantly lower in the
nonsurvivors than in the survivors from the 1st period to the
2nd period, (0.00 fL. vs. 0.34 fL, p=0.006) (Fig. 2B). In
contrast, from the Znd period to the 4th period, the increases
in the MPV levels were significantly higher in the nonsurvi-
vors than in the survivors (2nd period to 3rd period: 0.74 fL.
vs. 0.19 fL, p=0.03; 3rd period to 4th period: 0.29 fL vs.
-0.20 fL, p=0.01). The changes in the platelet counts in the
nonsurvivors were negatively correlated with the changes in
the MPV levels in all but the final interval (r*=-523, -0.721,
-587 -0.104; p=0.007, p<0.001, p=0.004, p=0.72), and the
changes in the platelet counts in the survivors were also
negatively correlated with the changes in the MPV levels in
all four intervals (=-0.411, -0.579, -0.440, -0.308; p<
0.001). These results indicate that, although the changes in
the platelet counts and MPV levels occurred synchronously
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in both groups, changes in the MPV levels are an early dis-
criminative parameter of the BSI prognosis.

Elevation of the MPYV levels after BSI as a prognostic
marker of BSI

A logistic regression analysis identified the following
variables as being independently associated with mortality in
BSI: age, Gram-positive bacilli pathogens and elevation of
the MPV levels following BSI onset (Table 3). Independent
covariates that were predictive of survival after BSI included
the following: Gram-negative bacilli and elevation of the
MPYV levels at BSI onset. With respect to the changes in the
levels of MPV, a receiver operator characteristic (ROC)
analysis showed that the area under the ROC curve (AUC)
was 0.80 (p=0.04) (Fig. 3). These results suggest that
changes in the MPV levels after BSI onset are a prognostic
marker in patients with BSIL.

Discussion

Changes in platelet indices, such as the MPV levels, have
been reported in the acute phase of cardiovascular diseases,
including unstable angina and acute myocardial infarc-
tion (18). Thrombocytopenia is frequently observed follow-
ing the onset of sepsis. In our study, we confirmed that, in
addition to decreases in the platelet counts, the MPV levels
also changed after the onset of BSI (Table 2). The average
MPV level increased from onset to three to five days after
onset, while the average platelet count changed inversely.
With regard to the changes in the MPV levels at the onset
of sepsis, only one illustrative case of MPV elevation was
observed in a previous study (16). Other studies investigat-

ing the MPV levels during sepsis did not demonstrate
changes in the MPV levels at onset (13-15); therefore, the
causes of MPV elevation at BSI onset have not been thor-
oughly studied.

Larger platelets are known to be more active than smaller
platelets and exhibit increased hemostatic capacity in a num-
ber of in vitro functional assays (9). In a study of septic ani-
mals, coagulation was activated in association with elevated
MPV (19). Another study of an animal model in which en-
dotoxin was administered reported that MPV increased at
0.5 hours and remained increased for 24 hours, while the
platelet count and plateletcrit level changed inversely (11).
Plasma obtained from septic patients sensitizes normal plate-
lets to hyperaggregate and adhere to cultured endothe-
lium (20). Based on the results of these studies and our
findings, we suggest that a decrease in the platelet count af-
ter BSI implies that platelet consumption exceeds platelet
production and that an increase in the MPV level after BSI
implies an increase in the rate of platelet production due to
overconsumption induced by inflammation. The trends in
the platelet indices during BSI may therefore reflect the
platelet function.

In this study, the nonsurvivors exhibited different trends
in platelet indices, particularly with regard to the MPV lev-
els, compared with the survivors (Fig. 1). Becchi reported
that, in their study, the average MPV level in nonsurvivors
increased, while that of the survivors decreased after sep-
sis (13), and van der Lelie reported that, in their study,
among all of the patients who died of infection in the first
week, the MPV level increased on the day of their
death (16). These results are consistent with our findings. In
our study, among the nonsurvivors, the trends in the MPV
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Figure 2. Differences in the changes in the platelet counts
and MPV levels between the survivors and nonsurvivors dur-
ing BSI depicted as box-plots. (A) Platelet counts, (B) MPV
levels. *: significant difference between the survivors and non-
survivors (p<0.01), #: significant difference between the survi-
vors and nonsurvivers (p=0.03), i: significant difference be-
tween the survivors and nonsurvivors (p=0.02), BSI:
bloodstream infection, MPV: mean platelet volume

levels from the onset of BSI included two phases: in the 1st
phase, no elevation was seen at BSI onset, while in the 2nd
phase, the MPV levels increased after onset. Platelet forma-
tion from megakaryocytes is an important determinant of the
platelet size (21), although to the best of our knowledge, no
studies have investigated changes in platelet formation in pa-
tients with severe sepsis. The release of platelet granules,
another factor influencing the platelet size, was found to be
elevated in severely septic patients with multiple organ fail-
ure (22), although that study included cardiovascular pa-
tients. We assume that changes in the MPV levels may be
attributed to a combination of several factors, including de-
creases in platelet formation by megakaryocytes, platelet
consumption in peripheral tissue and degranulation in larger
platelets, and that the impact of inflammation on MPV ele-
vation after BSI in nonsurvivors is stronger than that ob-
served in survivors. To elucidate the mechanisms underlying

the changes in the MPV levels observed in nonsurvivors, an
analysis of platelet morphology and the megakaryocyte
function in severely septic patients is required.

Based on our findings that the changes in the MPV levels
during BSI in nonsurvivors are different from those ob-
served in survivors, we hypothesized that MPV changes dur-
ing BSI are predictive of the prognosis. A multivariate
analysis identified MPV elevation at onset to be a protective
prognostic factor, while MPV elevation after BSI onset was
identified to be a prognostic factor (Table 3). We found that
patients whose MPV level was elevated after the onset of
BSI exhibited a 1.8-fold increase in death probability. Bec-
chi reported that a logistic regression analysis showed a
three-fold increase in death probability among patients with
an MPV level <9.7 fLL at the time of recruitment (13). To
our knowledge, there are no studies investigating changes in
platelet indices during BSI as a prognostic marker. Among
values or changes in platelet indices during BSI, we believe
that changes in the MPV levels are suitable for evaluating
the prognosis, as the value of each platelet index changed
within a short period in this study, while the platelet counts
in the two groups exhibited similar trends in the early pe-
riod after onset. Mortality is generally related to the number
of acutely damaged organs (23). It is difficult to predict the
prognosis of patients with sepsis using only a single indica-
tor. The severity of illness when combined with several indi-
ces of the organ function is strongly associated with the
prognosis of septic patients (24). The acute physiology and
chronic health evaluation (APACHE) II, a universal scoring
system, uses the platelet count as a platelet function in-
dex (25). In studies of myocardial infarction, however, the
MPV level has been reported to be superior to the platelet
count in predicting the prognosis (10, 26). Therefore, we be-
lieve that further prospective studies should be conducted
using the MPV levels to evaluate the BSI clinical status.

Our study is associated with several limitations. The retro-
spective design of this study may have led to data loss. In
order to assess the trends in the platelet indices from the
pre-BSI period, patients whose platelet indices were not
measured before BSI onset were excluded; thus, many pa-
tients with community-acquired BSI were not included as
study subjects. Furthermore, patients with preexisting hema-
tological diseases, who are frequently affected by noso-
comial BSI, were also excluded due to abnormalities at
baseline. To evaluate the platelet function in such patients,
other assays of the platelet function in addition to measure-
ments of the platelet size are required. For the blood sam-
pling, we used tubes containing EDTA as an anticoagulant,
which may have induced platelet swelling. The MPV levels
measured in EDTA-preserved samples are reportedly higher
than those measured in citrate-preserved samples, and MPV
is known to increase on addition of EDTA to citrated sam-
ples at six hours after an analysis (27, 28). Most samples in
our hospital were measured within one hour; thus, the influ-
ence of EDTA as an anticoagulant in our analysis is negligi-
ble.

1491



150

Intern Med 52: 1487-1493, 2013 DOI: 10.2169/internalmedicine.52.9555

Table 3. Independent Predictors of 30-day Mortality of BSI

Factor Odds ratio 95% CI p’
Age 1.03 1.00-1.07  0.041
Pathogens
Gram-positive bacteria 1.00 0.014
Gram-negative bacteria 0.12 0.01-0.34  0.006
Elevation in MPV levels in each intervals
1% t0 2 (<=7 to 0-1) 0.50 0.23-1.09  0.037
2" 10 3 (0-1 to 3-5) 1.82 1.00-3.32  0.027
3% 10 4% (3-5 to 7-10) 1.84 1.07-3.15  0.002

Elevation in MPV levels in each interval represents elevation in MPV levels
from the previous period to the subsequent period, and days from the onset
of BSI are given in parentheses. “Statistically significant on multivariate
logistic regression. CI: confidence interval, MPV: mean platelet volume,

BSI: bloodstream infection
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Figure 3. Receiver operating characteristic (ROC) curves
for prognosis prediction based on changes in the MPV levels
after the onset of BSI.

In conclusion, the platelet indices changed after the onset
of BSI in this study. The degree of elevation of the MPV
levels at onset was lower in the nonsurvivors than in the
survivors; however, after elevation of MPV, the MPV levels
remained higher in the nonsurvivors than in the survivors.
Elevation of the MPV level after BSI onset was identified to
be a prognostic factor for BSI. At present, in the manage-
ment of sepsis, the administration of recombinant human ac-
tivated protein C or platelet transfusion is indicated accord-
ing to the severity of illness or the degree of thrombocy-
topenia, respectively (29). Monitoring the MPV levels as
part of evaluating the hematopoietic and thrombotic status
may provide more useful information for assessing the effi-
cacy of antithrombotic treatment as well as therapies for
regulating platelet consumption and activation.
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ABSTRACT

Objective: The incidence of Clostridium difficile-as-
sociated diarrhea (CDAD) has increased in many de-
veloped countries. In addition to previous use of an-
timicrobials, use of proton pump inhibitors (PPIs) is
thought to increase the incidence of CDAD. However,
most previous studies that showed a positive rela-
tionship between PPI use and CDAD were conducted
retrospectively in Western countries. We investigated
whether the use of PPIs increases the incidence of
CDAD in Japan. Methods: The study was carried out
with all the patients admitted to the department of
internal medicine of Teikyo University Hospital from
April 2009 to June 2009. Clinical data were obtained
from medical records. CDAD was defined as detec-
tion of CD toxin from stool samples in diarrheal pa-
tients. PPI users were defined as patients that were
prescribed with PPI for more than 30 days at the de-
tection of CD toxin. The results of Clostridium difficile
(CD) toxin were collected until April 2011. Results: A
total of 793 patients were included, and PPIs were
prescribed to 489 patients (59.8%). The average age
of PPI users was higher than that of PPI nonusers
(68.9 vs. 63.1 years). Among the 489 PPI users, 19
patients developed CDAD, while 4 developed CDAD
among the 304 PPI nonusers. The relative risk of PPI
use on the incidence of CDAD was 3.20 in univariate
analysis (95% confidence interval, 1.10 to 9.32, p =
0.04), although the hazard ratio in multivariate analy-
sis was 1.23 (95% confidence interval, 0.35 to 3.83, p
= (.82). Conclusions: There was no association be-
tween CDAD occurrence and PPI use in patients in
Japan.

Keywords: Clostridium difficile-Associated Diarrhea;
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Proton Pump Inhibitors; Risk Factor

1. INTRODUCTION

Clostridium difficile is a gram-positive anaerobe that
causes a spectrum of diseases from asymptomatic car-
riage to mild diarrhea to severe pseudomembranous co-
litis. There has been a dramatic increase in the incidence
of C. difficile-associated diarthea (CDAD) in many de-
veloped countries. Development of CDAD in hospital-
ized patients is associated with length of hospital stay,
resulting in higher health care costs [1]. The dominant
risk factor is antibiotic use [2,3], but other postulated risk
factors include advanced age, severe underlying illnesses
[4], hospitalization [2], non-surgical gastrointestinal pro-
cedures [5], antineoplastic chemotherapy and immuno-
suppressant agents. In addition to these risk factors, long-
term use of proton pump inhibitors (PPIs) has been sug-
gested to be a risk factor for CDAD [6-10]. However,
most previous epidemiological studies that showed a
positive relationship between PPI use and CDAD were
conducted retrospectively in Western countries. In this
study, we investigated whether use of PPIs increases the
incidence of CDAD at a single institution in Japan.

2. METHODS
2.1. Study Population

We enrolled all of the patients admitted to the Depart-
ment of Internal Medicine of Teikyo University Hospital
(teaching hospital, 1154 beds) in Japan from April 2009
to June 2009, and observed these patients from April
2009 to April 2011. This study design had hospital ethics
committee approval; informed consent was waived.

2.2. Case Definition

PPI users were defined as patients prescribed PPls for
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more than 30 days. CDAD was defined as detection of
CD toxin from stool samples in diarrheal patients. Usage
of immunosuppressants was defined as use of more than
20 mg of prednisolone for more than 30 days. Long
hospital stay was defined as a case of total hospitali-
zation for more than 30 days. Comorbid diseases were
defined as: renal failure, estimated glomerular filtration
rate (eGFR) <30 ml/min; diabetes mellitus, fasting blood
sugar levels of 126 mg/dl, or HbAlc >6.1%, or past
treatment history; solid tumors, radiologically or pathol-
ogically verified masses; hematological malignancy, pa-
thologically verified leukemia or lymphoma.

2.3. Evaluation of Clinical Background Data

Clinical data were obtained from medical records, and
the results of C. difficile toxin analysis were collected
until April 2011. Clinical courses of the patients were
retrospectively reviewed to determine the following de-
mographic characteristics: age; gender; comorbid dis-
eases; usage of drugs; hospital stay and occurrence of
CDAD.

2.4. Statistical Analysis

The student’s t-test for continuous variables and chi-
squared test were used when appropriate to compare
proportions. For multivariate analysis, the logistic re-
gression analysis was used. All p values were two-sided
and were considered to be statistically significant when p
<0.05.

3. RESULTS
3.1. Clinical Factors in PPI Users and Nonusers

A total of 793 patients were included in this study.
PPIs were prescribed to 489 patients (61.6%) (Table 1).
The average age of PPI users was higher than that of
PPI nonusers (68.9 + 13.8 vs. 63.1 £ 17.8 years, p <
0.01), and the proportion of male patients among PPI
users was also higher than that among PPI nonusers
(male/female ratio, 2.26 vs. 1.36, p = 0.04). Among the
487 PPI users, 19 patients developed CDAD, while 4
developed CDAD among the 304 PPI nonusers. The
relative risk of PPI use on the incidence of CDAD was
3.20 (95% confidence interval, 1.10 to 9.32, p = 0.04).
The proportion of patients with ICU stay was higher
in PPI users than that of PPI nonusers (8% vs. 4%, p
= 0.03). Multiple logistic regression analysis showed
that age, sex, use of H, receptor antagonists, long
hospital stay, and ICU stay were associated with use of
PPI (Table 2). We could not demonstrate association
between use of antibiotics, CDAD and use of PPI (Table
2).

Table 1. Clinical characteristics of proton pump inhibitor users
and nonusers.

Categories PP—I user  PPI Eonuser p
(n=489) (m=304)
Age (years, mean + S.D.) 68.9+138 63.1+17.8 <0.01
Sex (male) 338 189 0.04
Cormobid diseases
Renal failure 14 8 0.85
Diabetes 41 32 0.31
Solid tumor 32 21 0.84
Hematological malignancy 25 10 0.22
Inflammatory bowel disease 2 2 0.53
Peptic ulcer 16 7 0.43
Collagen disease 15 12 0.51
Cirrhosis 7 3 0.59
Usage of drugs
Antibiotics (duration; days) <0.01
<4 229 183
4-14 72 50
>14 186 71
H, receptor antagonist 21 66 <0.01
Laxative 78 54 0.51
Immunosuppresant 62 34 0.53
Anticancer drug 53 34 0.88
Hospital stay
Long stay (>30 days) 246 71 <0.01
ICU stay 40 13 0.03
CDAD 19 4 0.04

Abbreviations: PPI, proton pump inhibitor; S.D., standard deviation; ICU,
intensive care unit; CDAD, Clostoridium difficile-associated diarrhea.

Table 2. Clinical characteristics of proton pump inhibitor users
and nonusers.

Categories HR 95% CI p
Age (=65 years) 1.21 1.29-2.51 <0.001
Sex (male) 1.71 1.22-2.40 0.002
Usage of drugs
Antibiotics (duration; days)
<4 1.00
4-14 1.26 0.72 - 1.77 0.61
>14 1.00 0.58-1.73 0.99
H, receptor antagonist 0.10 0.06 -0.18 <0.001
Hospital stay
Long stay (>30 days) 0.19 0.12-0.32 <0.001
ICU stay 2.86 1.42-5.78 0.006
CDAD 1.23 0.35-3.83 0.82

Abbreviations: HR, hazard ratio; ICU,CI, confidence interval; ICU,
intensive care unit; CDAD, Clostoridium difficile-associated diarrhea.
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3.2. Incidence of CDAD during the Study Period

The cumulative incidence of CDAD during the study
period is shown in Figure 1. The onset of CDAD in
more than half patients was within 200 days after
admission in both PPI users and nonusers, although there
were no significant differences between the two groups
(12 cases in 19 PPI users, 2 cases in 4 PPI nonusers, p =
0.62).

4. DISCUSSION

PPIs are the major treatment for gastroesophageal
diseases. From American College of Gastroenterology
guidelines and a review article, indications for PPI use
are as follows: gastroesophageal reflux disease, with
complications such as Barrett’s esophagus; presence of
peptic ulcer disease (PUD) in the stomach or duodenum;
use of non-steroidal anti-inflammatory drugs (NSAIDs)
or aspirin, and at least one other risk factor (among age
over 70 years, medical history or complications of PUD,
untreated Helicobacter pylori infection with a history of
PUD, and/or medical history of gastric hemorrhage or
perforation); and simultaneous use of antiplatelet agents,
corticosteroids, anticoagulant drugs or selective sero-
tonin reuptake inhibitors. In Japan, approximately half of
physicians did not use international guidelines [11], and
the most frequently chosen drug for comedication with
NSAIDs was a mucoprotective drug with an approxi-
mately equal frequency of either PPI or Hy-receptor anta-
gonist use [12]. In this study, the proportion of PPI use
was 61.6%, which was higher than that in other reports
in Japan. We believe that the reason for the higher pro-
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Figure 1. Cumulative incidence of Clostridium difficile-asso-
ciated diarthea (CDAD) during the study period. CDAD oc-
curred continuously both in proton pump inhibitor (PPI) users
and nonusers.

portion of PPI use is that patients with coronary disease
are aggressively treated. Craig ef al. noted that the ma-
jority of intravenous PPI prescriptions in hospital were
inappropriate, particularly when initiated for non-upper
gastroesophageal bleeding indications.

We did not investigate the appropriateness of PPI use
in PPI users. If patients with inappropriate use of PPI
were excluded from this study, the incidence of CDAD
in PPI users may have been higher, as CDAD patients
used PPI more frequently than non-CDAD patients, and
the patients met the indications for PPl use. Among other
risk factors for CDAD incidence, short duration (<4 days)
of antibiotic administration was pre-dominant in PPI
users and PPI nonusers in this study (47% and 62%,
respectively). Stevens et al. reported that cumulative an-
tibiotic exposure appears to be associated with the risk of
CDAD, although the ratio of short duration of antibiotic
use was 9% and 22%, respectively [13]. The high pro-
portion of patients with short duration of antibiotic use
might be due to prophylaxis for coronary intervention.

Our study showed that PPI users tended to have
multiple risk factors for CDAD occurrence when com-
pared with PPI nonusers. A previous cohort study re-
ported that in addition to a higher incidence of CDAD,
PPI users tended to stay in surgical or medical wards
longer and were exposed to more than one antibiotic,
which was consistent with our study [14]. However,
among our data, average hospital stay in PPI users was
shorter than that of PPI nonusers. We speculated this
tendency because patients with coronary diseases were
included among PPI users for the purpose of coronary
angiography. From this finding, we believe that it is
difficult to evaluate the influence of PPI usage on all
hospitalized patients prospectively because more PPI
users tend to receive intensive care, which can be biased
towards the relationship between PPI usage and CDAD.
To lessen the influence of other risk factors on CDAD
occurrence by PPI usage, subanalysis of more patients
may be required.

On univariate analysis, usage of PPIs was a significant
risk factor for the onset of CDAD, but no such rela-
tionship was seen on multivariate analysis in this study.
Several reports have noted that usage of PPI was signi-
ficantly related to CDAD [6-9]. In contrast, several other
reports have found no relationship between PPI usage
and CDAD occurrence [15,16]; however, these studies
used cohorts of elderly subjects. Age is also a risk factor
for CDAD [17,18]. In our study, the average age of the
patients was 66.5 years, which is consistent with other
studies. Yearsley et al. reported that CDAD was inde-
pendently associated with acid suppression therapy with
PPI in the case-control study. The average age of the
cases in the study was higher than that of our study, and
ratio of the cases who had received antibiotics was high
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(92%) [19]. Patients using PPIs tended to develop CDAD,
but the statistical significance was weak. A meta-analysis
conducted by Janarthan er al. suggested that PPIs in-
creased the incidence of CDAD [20]. This analysis was
included in the retrospective hospital-based studies and
population-based case-control studies. Clinical back-
grounds of the subjects influence the results in the study
about association between PPIs and the incidence of
CDAD.

In our study, CDAD occurred both soon after admis-
sion and later during hospitalization. Acquisition of C.
difficile and occurrence of CDAD are considered to
occur by two routes. The first route is that C. difficile
intrinsically colonizes the host intestine and proliferates
under selective pressure such as antibiotic exposure. The
second route is that C. difficile is transmitted exogen-
ously by the medical environment and proliferates after
reductions in host microflora. We believe that CDAD
mainly occurs by exogenous transmission rather than
intrinsic proliferation.

In conclusion, there were trends observed between
CDAD incidence and PPI use in patients with advanced
age, antibiotic usage and shorter hospital stays, although
statistical association between CDAD incidence and PPI
use was not demonstrated.

REFERENCES

[1] Kyne, L., Hamel, M.B., Polavaram, R., et al. (2002)
Health care costs and mortality associated with nosoco-
mial diarrhea due to Clostridium difficile. Clinical Infec-
tious Diseases, 34, 346-353. doi:10.1086/338260

[2] Bignardi, G.E. (1998) Risk factors for Clostridium diffi-
. cile infection. Journal of Hospital Infection, 40, 1-15.
doi:10.1016/S0195-6701(98)90019-6

[3] Thomas, C., Stevenson, M. and Riley, T.V. (2003) Anti-
biotics and hospital-acquired Clostridium difficile-asso-
ciated diarrhoea: A systematic review. Journal of Anti-
microbial Chemotherapy, 51, 1339-1350.
doi:10.1093/jac/dkg254

[4] Kyne, L., Sougioultzis, S., McFarland, L.V., ef al. (2002)
Underlying disease severity as a major risk factor for
nosocomial Clostridium difficile diarrhea. Infection Con-
trol and Hospital Epidemiology, 23, 653-659.
doi:10.1086/501989

[5]1 Pierce Jr., P.F., Wilson, R., Silva Jr., I, et al. (1982) An-
tibiotic-associated pseudomembranous colitis: An epide-
miologic investigation of a cluster of cases. Journal of
Infectious Diseases, 145, 269-274.
doi:10.1093/infdis/145.2.269

[6] Akhtar, A.J. and Shaheen, M. (2007) Increasing inci-
dence of clostridium difficile-associated diarrhea in Afri-
can-American and Hispanic patients: Association with
the use of proton pump inhibitor therapy. Journal of the
National Medical Association, 99, 500-504.

[71 Aseeri, M., Schroeder, T., Kramer, J., et al. (2008) Gas-

(8]

(9]

(10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

155

279

tric acid suppression by proton pump inhibitors as a risk
factor for clostridium difficile-associated diarrhea in hos-
pitalized patients. American Journal of Gastroenterology,
103, 2308-2313. doi:10.1111/1.1572-0241.2008.01975.x

Dalton, B.R., Lye-Maccannell, T., Henderson, E.A., ef al.
(2009) Proton pump inhibitors increase significantly the
risk of Clostridium difficile infection in a low-endemicity,
non-outbreak hospital setting. Alimentary Pharmacology
& Therapeutics, 29, 626-634.
doi:10.1111/].1365-2036.2008.03924.x

Cunningham, R., Dale, B., Undy, B., et al. (2003) Proton
pump inhibitors as a risk factor for Clostridium difficile
diarrhoea. Journal of Hospital Infection, 54, 243-245.
doi:10.1016/S0195-6701(03)00088-4

Pohl, J.F. (2012) Clostridium difficile infection and pro-
ton pump inhibitors. Current Opinion in Pediatrics, 24,
627-631. doi:10.1097/MOP.0b013e328355a3¢]

Fujiwara, Y., Takahashi, S., Arakawa, T., ef al. (2009) A
2008 questionnaire-based survey of gastroesophageal re-
flux disease and related diseases by physicians in East
Asian countries. Digestion, 80, 119-128.
doi:10.1159/000226088

Arakawa, T., Fujiwara, Y., Sollano, J.D., et al. (2009) A
questionnaire-based survey on the prescription of non-
steroidal anti-inflammatory drugs by physicians in East
Asian countries in 2007. Digestion, 79, 177-185.
doi:10.1159/000211713

Stevens, V., Dumyati, G., Fine, L.S., ef al. (2011) Cumu-
lative antibiotic exposures over time and the risk of Clos-
tridium difficile infection. Clinical Infectious Diseases,
53, 42-48. doi:10.1093/cid/cir301

Dial, S., Alrasadi, K., Manoukian, C., et al. (2004) Risk
of Clostridium difficile diarrhea among hospital inpa-
tients prescribed proton pump inhibitors: Cohort and
case-control studies. Canadian Medical Association Jour-
nal, 171, 33-38. doi:10.1503/cmaj. 1040876

Beaulieu, M., Williamson, D., Pichette, G., et al. (2007)
Risk of Clostridium difficile-associated disease among
patients receiving proton-pump inhibitors in a Quebec
medical intensive care unit. Infection Control and Hospi-
tal Epidemiology, 28, 1305-1307. doi:10.1086/521664

Lowe, D.O., Mamdani, M.M., Kopp, A., et al. (2006)
Proton pump inhibitors and hospitalization for Clostrid-
ium difficile-associated disease: A population-based study.
Clinical Infectious Diseases, 43, 1272-1276.
doi:10.1086/508453

Karlstrom, O., Fryklund, B., Tullus, K., et al. (1998) A
prospective nationwide study of Clostridium difficile-as-
sociated diarrhea in Sweden. The Swedish C. difficile
Study Group. Clinical Infectious Diseases, 26, 141-145.
doi:10.1086/516277

Brandt, L.J., Kosche, K.A., Greenwald, D.A., ef al. (1999)
Clostridium difficile-associated diarrhea in the elderly.
American Journal of Gastroenterology, 94, 3263-3266.
doi:10.1111/1.1572-0241.1999.01534.x

Yearsley, K.A., Gilby, L.J., Ramadas, A.V., et al. (2006)
Proton pump inhibitor therapy is a risk factor for Clos-
tridium difficile-associated diarrhoea. Alimentary Pharm-
acology & Therapeutics, 24, 613-619.




156

280 T. Kitazawa et al. / Open Journal of Gastroenterology 3 (2013) 276-280
doi:10.1111/1.1365-2036.2006.03015.x hibitor therapy: A meta-analysis. dmerican Journal of
[20] Janarthanan, S., Ditah, I, Adler, D.G., ef al. (2012) Clos- Gastroenterology, 107, 1001-1010.

d0i:10.1038/ajg.2012.179

tridium difficile-associated diarrhea and proton pump in-



@ PLOS | one

Highly-Sensitive Allele-Specific PCR Testing Identifies a Greater Prevalence of
Transmitted HIV Drug Resistance in Japan

Masako Nishizawa, Junko Hattori, Teiichiro Shiino, Tetsuro Matano, Walid Heneine, Jeffrey A. Johnson, Wataru Sugiura

Published: December 16, 2013 ¢ DOI: 10.1371/journal.pone.0083150

Abstract

Background

The transmission of drug-resistant HIV in newly identified infected populations has become an underlying epidemic which can be better assessed with sensitive
resistance testing. Since minority drug resistant variants cannot be detected by bulk sequencing, methods with improved sensitivity are required. Thus, the goal of this
study was to evaluate if transmitted drug resistance mutations at minority levels in Japanese patients could be identified using highly sensitive allele-specific PCR (AS-
PCR).

Materials and Methods

Samples were taken from newly diagnosed HIV/AIDS cases at the National Nagoya Hospital from January 2008 to December 2009. All samples were bulk sequenced
for HIV protease and reverse transcriptase. To detect minority populations with drug resistance, we used AS-PCR with mutation-specific primers designed for seven
reverse transcriptase inhibitor resistance mutations, M41L, K65R, K70R, K103N, Y181C, M184V, and T215F/Y, and for three protease inhibitor resistance mutations,
M46l/L and LOOM.

Results

We studied 149 newly identified HIV cases. Bulk sequencing detected 8 cases with NRTI resistance mutations (one with A62V, one D67E, one T215D, one T215E,
two with T215L and two T215S) and 15 with Pl resistance mutations (one with N88D and 14 with M46l). Results obtained by AS-PCR and bulk sequencing
demonstrated good concordance but the AS-PCR enabled the detection of seven additional drug-resistant cases (one M41L, two with KB5R, two with K70R, and one
M184V) in the RT region. Additionally, AS-PCR assays identified 15 additional cases with M46l, five with M46L and four cases with L90M in the protease region.

Conclusions

Using AS-PCR substantially increased the detection of transmitted drug resistance in this population from 15.4% to 26.8%, further supporting the benefit of sensitive
testing among drug-naive populations. Since the clinical impact of minority drug-resistant populations is not fully comprehended for all mutations, follow-up studies are
needed to understand their significance for treatment.
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Introduction

The use of combination antiretroviral therapy of (cART) has resulted in sustained reductions in morbidity and mortality from HIV infection [1,2]. Five classes of
antiretrovirals (ARVSs) are currently available in clinical use in Japan. However, selection of drug resistance mutations during cART is still a major issue affecting the
clinical efficacy of ARVs and prognosis of HIV infected individuals [3,4].

A United States Department of Health and Human Services (DHHS) guideline recommends drug resistance testing for patients before they begin cART to guide their
therapy(5]. Conventional bulk sequencing is used to detect drug resistance mutations in viral RNA from patient plasma, but the method generally does not detect
mutants that comprise less than 20% of the viral population in individuals [4-7]. This detection limitation is a concern, both because transmitted minority variants might
persist at low frequencies and most newly diagnosed HIV infections are in persons who have been infected for several months to years, providing time for drug
resistant viruses with reduced viral fitness to decay to levels that conventional testing is not able to detect [8-10]. Therefore, the ability to detect low-frequency variants
below 20% would improve identification of infections involving drug-resistant viruses and better inform decisions on the selection of active ARVs, especially for persons
initiating treatment with NNRTI regimens. To detect low-frequency variants, several methods were developed and used to analyze drug-naive persons and drug-
experienced persons [11-14]. Several studies have shown the advantages of highly sensitive drug resistance assays with women who received intrapartum single-
dose nevirapine (SD-NVP) for the prevention of mother-to-child HIV transmission. These reports on testing for NVP resistance have found that drug resistance
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virologic responses when subsequent regimens contain nevirapine-related drugs [15-19].. We previously reported that highly-sensitive drug resistance testing that is
based on allele-specific real-time PCR can detect minority drug-resistant variants both in infections reported to be wildtype and infections involving other resistance
mutations as determined by bulk sequencing. As with majority-level resistance, the amount of low-frequency resistance in new infections reflects both the prevalence
of cART use in the region and behavior that is inconsistent with prevention practices for persons on therapy [20].

Recently, it has been reported that the prevalence of drug-resistant HIV transmission among newly diagnosed patients analyzed by bulk sequencing is increasing in
Japan, rising from 5.9% in 2003 to 8.3% in 2008 [21]. As the study concluded, this observation was seen not only for recently infected persons, but also chronically
infected but recently diagnosed cases, raising concern over the amount of resistance detection lost due to reversion. Therefore, by use of a highly sensitive method in
the current study we attempted to examine for the possibility and prevalence of transmitted drug resistant mutations hidden as minority populations.

Materials and Methods

Ethics statement

Specimens were anonymous residual diagnostic material from subjects who provided written consent for HIV testing. The Ethical Committee for Biomedical Science of
the National Institute of Infectious Diseases determined that this testing did not involve identifiable human subjects and has approved the study.

Samples

The 192 plasma samples were collected from HIV/AIDS cases for drug resistance analysis from January 2008 to December 2009 in National Nagoya Hospital (Table
1). Among these, 149 cases of newly diagnosed HiV-1 subtype B-infected ART-naive individuals were selected and analyzed in this study (Figure 1). All samples were
collected as part of HIV surveillance studies under Institutional Review Board of National Institute of Infectious Diseases, and written informed consent was obtained
from each patient. These samples were directly sequenced for HIV protease (PR) positions 1-99 and reverse transcriptase (RT) positions 1-240. Drug resistance
mutations were defined according to the mutation list proposed by Bennett et al. 2009[22]. All testing was performed by the NIID AIDS Research Center in Tokyo,
Japan[21].
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RNA extraction and virus template amplification

HIV RNA was extracted by Roche High Pure Viral RNA Kit from 200uL plasma samples. RNA was reconstituted in 100 uL of DEPC water and stored at -80°C until
use. The HIV protease-reverse transcriptase (PR-RT) region was amplified by one-step RT-PCR (TAKARA One Step RNA PCR kit) with forward primer (DRPROS :
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AGA CAG GY I AATL 111 1 1A GGG A) and reverse primer (URR 134 : GG ALT AAG 16T 111 GAT GGG ICA TA). KI-FPUK amplimcaton conditions were 55°G Tor
40 minutes and 40 cycles of 95°C for 10 seconds, 52°C for 5 seconds, and 72°C for 90 seconds. In the case that the amplification of RT- PCR did not generate
sufficient template, nested-PCR was performed using forward primer (PROFWD1F : CAG ATC ACT CTT TGG CAA CGA CC) and reverse primer (GEN4R : ATC CCT
GGG TAA ATC TGA CTT GC)[23]. Nested-PCR amplification condition was 94°C 1 minute and 30 Cycles of 94°C for 10 seconds, 55°C for 4 seconds and 74°C for 15
seconds.

Real-time PCR (AS-PCR)

To detect minority populations with drug resistance, we used highly sensitive allele-specific PCR validated for subtype B HIV as described [17,23]. Briefly, mutation-
specific primers were designed for seven reverse transcriptase inhibitor resistance mutations, M41L, K65R, K70R, K103N, Y181C, M184V, and T215F/Y. Results of
highly sensitive allele-specific PCR and population sequencing data were compared for concordance and presence of additional mutations. The HIV-1 total copy
primers, Com2F and Com4BR, span n.t. 258-420 in RT and were used with the common probes, Com1P and 2P (Table S1)[17,23]. For multiple mutation screening,
several resistance mutation-specific reactions can be performed simultaneously. The cycle number at which the fluorescence emission exceeds the background
fluorescence threshold is the threshold cycle (CT) and is the unit of measure for comparing the differences in amplification signals (ACT) between the total copy and
mutation-specific reactions. All samples were tested in duplicate with the means of the total copy and mutation-specific CTs used for the determination of the ACT.
Each ACT cutoff value for interpreting the presence of drug resistance mutations was determined previously [23] and were between 8.5 from 10.5 cycles, for validated
assay cut-offs ranging from 0.03% to 2.0% mutant, depending on the assay.

Real-time PCRs were initiated with a hot-start incubation at 94°C for 11 minutes before proceeding to 45 cycles of melting at 94°C for 30 seconds, annealing at 50°C
for 15 seconds and extension at 60°C for 30 seconds. All reactions were performed in a total volume of 50 ul/well in 96-well PCR plates using iQ5 real-time PCR
thermocyclers with optical units (Bio-Rad) and AmpliTaq Gold polymerase (2.5 U/reaction; Applied Biosystems). Final reagent concentrations were 320 nM for the
forward and reverse primers, 160 nM probe(s), and 400 mM dNTPs.

M46l/L. primers for real-time-PCR

For this study, new primers for the detection of M46l and M46L protease inhibitor mutations were constructed as described before [17,23,24]. As with the RT primers,
the protease mutation-specific primers (Table S2) were designed to preferentially anneal with the targeted mutation nucleotide(s), thus having reduced affinity for wild-
type sequences. Specificity was enhanced by creating designed mismatches at the -2 nuclectide position relative to the primer 3'-end for each primer. Furthermore, to
compensate for the spectrum of polymorphisms present, mixtures of three uniquely designed forward primers were required to detect M46L. Mutation-specific primer
mixtures were experimentally evaluated and the ratios that best balanced differences in primer avidities and minimized cross-interference in primer annealing were
selected.

Site-directed mutagenesis and cloning

M461 and M46L mutant clones for plasmid development were constructed by site-directed mutagenesis using HXB2 as a template. These constructs were used as
positive control to verify the M46l/L primers and probes. To insert M461 or M46L. mutations into HXB2, PCR with KODplus was performed using a pair of
complementary primers (M48l-forward primer : GAA GAT GGA AAC CAA AAA TaA TAG GGG GAA TTc GAG G, M46L(ttg)-forward primer : GAA GAT GGA AAC
CAA AAt TGA TAG GGG GAA TTG GAG G, M46L(ctg)-forward primer : GAA GAT GGA AAC CAA AAc TGA TAG GGG GAA TTG GAG G), and reverse primer :
CTG GCA AAC TCATTT CTT CTA ATA CTG TAT CAT CTG CTC C). PCR amplification conditions were 94°C for 2 minutes and 35 cycles of 98°C for 10 seconds,
68°C for 2 minutes and 30 seconds.

Evaluation of the new protease assays on plasmids and clinical samples

HXB2-M461, HXB2-M46L and HXB2 (wild-type) plasmids were used in the preliminary selection of primer mixtures that provided the greatest sensitivity and specificity.
The absolute mutation detection limits for the primer mixtures, that is, the greatest ACT that was able to distinguish mutant viruses from wild-type, were estimated from
triplicate testing of mutant clone serial dilutions. The assays evaluated mutation-containing sequences at frequencies between 100%-0.0001% in a wild-type
background, with each dilution having same total plasmid copies. The ACTs generated from the mutant dilutions were compared to the ACTs generated with the wild-
type plasmids alone. Solely for the purpose of comparing relative assay detection limits with finite virus sequences, the ACT within the linear dilution range (R2>0.995)
that was equivalent to a frequency increase of 0.5 log g above the wild-type mean ACT was chosen as the absolute assay detection limit. Selecting the detection limit
in this manner provided an adequate buffer against variability in wild-type sequences and also took into account the PCR efficiency of the assay (slope of the dilution
curve).

To evaluate cutoff values of M46l and M46L in patient samples, PR-RT sequences derived from ART-naive patients were analyzed by real-time PCR. Forty-two PR-
RT region sequences derived from 16 patients were cloned by TA-cloning to serve as heterogeneous wild-type sequences. Fifty-five samples with protease M461 were
obtained from 20 individuals and 22 samples with M46L were obtained from 12 individuals. To increase the stringency of assay evaluations, specimens with
substantial numbers of polymorphisms in primer binding sites were also included.

Assessing mutation associations in mutation-specific amplicons

To evaluate whether additional information on resistance mutations could be gained from the real-time PCR assays, we performed bulk sequencing (BigDye reagent,
Prism 3130x| analyzer, Applied Biosystems) of the products from M46I/L or L90M-specific reactions to assess mutation linkage. Mutation-specific amplicon sequences
were compared to their respective sample bulk sequence for evidence of nucleotide differences. Any other resistance mutation(s) found in the mutation-specific
amplicons would indicate that they were on the same viral strand(s) as the mutation that was specifically targeted by the primers.

Phylogenetic analysis

Protease sequences were aligned by means of the clustal-W program with a set of reference sequences recommended by the L.os Alamos sequence database
(http://www.hiv.lanl.gov/content/index). The results of the alignment were then analyzed by the neighbor-joining method using MEGAS [24,25]. In order to analyze the
relationship between M46I/L-positive amplicon sequences and bulk sequences, we extended the M46l/L-positive amplicon by using the PRO2L reverse primer (Table
S1B), which allowed sequencing from PR codon 47 to RT codon 36 of these M48l/L-positive amplicons (270 bp). In the case of L90M amplicon analysis, 209 bp DNA
fragments extending from amino acid 20 in PR to amino acid 89 in PR were represented in the phylogenetic tree. The phylogenetic relatedness of these mutation-
containing amplicons excluding the resistance codon position were represented in trees constructed using Kimura 2-parameter model with a discrete gamma
distribution [1 +G] and 500 bootstrap replications in MEGAS.

Statistics

The Mann-Whitney U test was used to test for differences in CD4 counts and VL between the groups with minority drug resistance mutations and those without
minority drug resistance mutations.
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Results

Minority M461 could be detected as low as 0.04% and M46L could be detected as low as 0.03% in site-directed mutant
clones

Relative limits of detection were compared in a simple laboratory setting using serial dilutions of HXB2-M461 or HXB2-M46L in backgrounds of HXB2 wildtype plasmid.
The ACT that was equivalent to a 0.5 log greater reactivity than the wild-type mean ACT on the dilution curve (M461 : ACT=15 cycles, M46L : ACT=17 cycles) was
used to compare assay sensitivities (Figure 2). This approach yielded detection limits of 0.04% and 0.03% for M46l and M46L, respectively. As this was derived from
cloned sequences this is a theoretical detection limit against which clinical specimens are evaluated.

High sensitivity and specificity of M46I/L detection assays confirmed with clinical samples

Assay cutoff values intended for population-wide clinical screening were established using 42 cloned wild-type sequences derived from 14 patient-derived specimens
collected by NIID from 2005-2007. The assay cutoffs selected based on plasmid sequences were evaluated against clinical specimens using a total of 55 samples with
sequence-detectable M461 mutation and a total 22 samples with sequence-detectable M46L mutation. The resulting distribution of collated ACTs from the wild-type
samples supported a ACT cutoff of 11 cycles for M46! clinical testing (ACTs ranged from 16.39-26.65 cycles) (Figure 3 and Table S3). Extrapolating from the dilution
curve for cloned M461 sequences, this cycle difference corresponded to a frequency mean of 0.54% mutant virus (see Table S3). At this cutoff, all 55 genotyped M46l
samples were positive (ACTs ranged from 1.39 to 10.1 cycles, Figure 3 and Table S3). For M46L. assay, ACT cutoff was 9 cycles to avoid low-level amplification from
spurious primer binding against clinical quasispecies specimens; this cutoff placement corresponded to a frequency mean of 4.01% mutant virus. All genotype M46L
samples were positive (ACT ranged from 0.88 to 8.95 cycles) (Figure 3 and Table S3). Because of unusual polymorphisms, some samples comprised almost entirely
of mutant virus produced ACTs near the cutoff. In these situations, elevated ACTs resuiting from weak primer binding could be interpreted as mutant viruses present at
low frequencies. Hence, this testing format is best-suited to provide highly specific population-level resistance screening and is not necessarily applicable to mutant
virus quantitation.

AS-PCR method identifies a greater prevalence of transmitted HIV drug resistance

Samples from a total of 149 subtype B cases were collected at Nagoya Medical Center for drug resistance testing. Drug resistance mutations were initially analyzed by
bulk sequencing, and 23 cases were found to possess drug resistance mutations. As summarized in Table 2, all resistant mutations were found as sole mutation, one
with AB2V, one with DB7E and six cases of intermediates at codon 215 (one with T215D, one with T215E, two cases of T215L. and two cases of T2158), one with
N88D and 14 cases of M46] mutation were detected by conventional bulk sequencing analysis, yielding a drug resistance mutation prevalence of 15.4% (23/149
cases) (Table 2). The sensitive screening detected an additional one case of M41L (0.67%), two cases of K65R (1.34%), two cases of K70R (1.34%), one case of
M184V (0.67%), 15 cases of M461 (19.46%), 5 cases of M46L (3.36%) and 4 cases of L90M (2.68%) as minority-level drug resistance mutations (Table 2). The
identified A62V, D67E, T215E, T215S and N88D mutations detected by bulk sequencing were not targeted by AS-PCR, and therefore were not included in determining
changes in mutation frequency. All 17 mutations detected by bulk sequencing analysis that were also targeted by AS-PCR were likewise detected by the sensitive
PCR method. The combined prevalence of drug resistance mutations in the total of 149 cases was 26.8% {(40/149 cases) (Table 2). In one case, six mutations, M41L,
K70R, M184V, M461, M46L and L90M were detected as minority mutations by the highly sensitive assays (ID 29). These six mutations were undetectable by bulk
sequencing analysis. In other cases, K70R and M46I were detected (ID 22), and M461 and M46L were detected in another case as minority drug resistance mutations
(ID 5). Of those with minority drug resistance mutations, 11 cases were from 2008 and 12 cases were from 2009. The majority of patients with minority variants were
MSM (80.9% in 2008 and 83.3% in 2009) and Japanese, and no sianificant differences were observed in viral load and CD4 counts by Mann-Whitney U test (p=0.17
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and p=0.308, respectively) for persons With or wifhout mutations. lexough all of the samples from 2008 were Japanese patients, three'cases from 2009 were non-
Japanese patients (Table 2).

MSM/Heterosexual

Table 2. Characteristics of HIV/AIDS patients with drug resistance mutations.

* T215F detection primers can detect T215L, T215] and T215V. **T215Y detection primers can detect T215D, T215H and T215N.
Download CSV

Sequence analysis of M46l and M46L-specific amplicons showed that these mutations were not linked to L90M in the
patient samples

To analyze the linkage between drug resistance mutations, we directly sequenced positive M461/L. or L90M-specific PCR products to ascertain whether additional
genotypic information could be obtained from those amplicons. In ID 29, the [72V polymorphism observed in the bulk sequence was detected in M46L and L90M
amplicons, but not in the M46! amplicon (Table 3). Additionally, M46l/L mutations were not detected in the minority L90M amplicon indicating these mutations were not
linked. In ID 27, A71T was detected in the M46L amplicon, but this mutation was not found in the M461 amplicon or the bulk sequence (Table 3). In ID 22, the M461
amplicon matched the bulk sequence.

1162V, LB3P, [72V, TT4A, V771, 193L
M46L, 162V, L63P, [72V, T74A, V77I

Direct-sequencing

M4ét amplicon

M46l, L63P, HE9K, V77!

M46! amplicon

Table 3. Genetic linkage of M46I/L or L90M and other mutations.

“ M461 and M46L amplicons were spanned from M46 to N88.
L90M amplicon was spanned from 15 to L90.

Download CSV

Phylogenetic relatedness of minority and bulk sequence-detectable resistance mutations

Phylogenetic analysis conducted on all the protease sequences produced a pattern consistent with good separation of unrelated sequences even though they were not
supported at the roots by significant bootstrap values due to somewhat short sequence lengths (Figure 4A). However, the branch tips show strong bootstrap support
for the relatedness of minority variants to the patient bulk sequences from which they were derived. Moreover, some of the patients with bulk sequence-detectable
M461 appeared to group together with relatively high bootstrap values (pairs X and Y, Figure 4A) and may represent infections linked within transmission clusters. The
sequences within each X and Y pair were 100% identical in the 270 bp analyzed, with the exception of <3 mixed-base positions that included the nucleotide of the
paired patient. In assessing the relatedness of the four detected minority L90M to infections that have the PR M461 mutation, three L90M were from patients that were
wildtype at codon 46, the fourth was ID 13 which was also an M46| case (Figure 4B).




