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. INTRODUCTION

Scrub typhus is an acute febrile disease thatasacherized by high fever, headache and
rash; these symptoms are caused by the intragelydam negative bacterieQrientia
tsutsugamushi. It is a major febrile disease in Korea, Japan, &hiailand etc. The reservoir
of O. tsutsugamushi is wild rats, and chiggers are the vector. Bacténigction occurs when
chiggers bearin@®. tsutsugamushi bite human beings and aspirate human tissue fiigdhars
are formed on the sites bitten by the chiggerserfewnaculopapular rash, muscle ache,
headache, anorexia, lymph node enlargement appdwer e of the formation of eschar. The
presence of eschar has been reported to be antampéinding for the diagnosis of rickettsial
pox or scrub typhus [1].

Scrub typhus can be diagnosed by isolatthgsutsugamushi from the blood of patients
during the febrile period or by the confirmation ah elevated antibody titer against
tsutsugamushi during the acute phase or the recovery period Hajvever, to isolateO.
tsutsugamushi from cultured cells or infected rats is feasibidyan those institutions that are
equipped for Biosafety level 3, and it takes a munimof several weeks to cultui@.
tsutsugamushi [3, 4]. For serologic testing, it may take from severalsitoyseveral weeks for
the antibody titer to become elevated after theebof symptoms for scrub typhus. Hence, in
many cases, the diagnosis made by indirect immuoigcence assay requires follow-up tests
for achieving an accurate definite diagnosis. Howewenvalescent-phase serum samples are
not available in many cases, thus making an accurate diagram be difficult.

Rickettsial pox has been diagnosed by using paraffibedded skin biopsy specimens, and
the usefulness of immunohistichemical staining gisam antiR. rickettsii antibody has been

reported [5, 6]. For suspected Rocky Mountain spoféegr patients, immunohistichemical
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staining of formaldehyde-fixed tissues has beemntef to be useful as a sensitive definite
diagnosis method [7]. Nervertheless, the usefulnegarmunohistochemical staining paraffin-
embedded tissue for the diagnosis of scrub typlassnot yet been reported. To assess the
clinical usefulness of immunohistochemical stainirsga diagnostic method, author conducted
a comparative study of IFA and immunohistochemistaining on possible scrub typhus

patients.
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II. MATERIALSAND METHODS

Selection of the patient group

During the study period from September 1, 2005 tgust 31, 2006, among the patients
who visited Chosun University Hospital located outhwest Korea for acute febrile disease
that developed within one month prior to their tyisiuthor selected the adult patients over 18
years old who were suspected to have scrub typhssdbon eschars or maculopapular skin
rash, or the diagnosis was based on the determinafighe clinicians. Author obtained a
written consent from all patients or their guardialRor the patients participating in the study,
the presence or absence of maculopapular skinamstell as eschars was examined; in the
cases that skin rash and eschars were detectéd, fatient allowed, skin biopsy specimens
from the eschars or maculopapular lesions wereraitausing a 3 mm punch. The definitive
diagnosis of scrub typhus was that the IgM titeDtasutsugamushi was increased to over 1:80
by indirect immunofluorescence or that case’s IRértwas increased more than 4 times [8].
Tests for other diseases similar to scrub typhush sas murine typhus, leptospirosis,
hemorrhagic fever with renal syndrome and systdupas erythematosus were performed on
the patients participating in the study. This studys approved by the Ethics in Human

Research Committee of Chosun University Hospital.

I mmunohistochemical staining (IHC)

All the cases investigated in the study were testétd ICR mouse polyclonal an@.
tsutsugamushi  antibody (dilution 1:200) against th®. tsutsugamushi Boryong strain.
Immunolocalization was performed using a strepiaviotin immunoperoxidase method,

according to the supplier's protocol (LSAB kit, DAKOarpinteria, California, USA). Briefly,
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the 4 ym thick sections that were obtained after formabation and paraffin embedding were

deparaffinized in xylene and then they were rehgdravith distilled water through graded
concentrations of ethanol. The sections were thaoegl in a glass jar with 10 mM citrate
buffer (pH 6.0), irradiated in a microwave oven f&rrhinutes and allowed to cool down in the
jar at room temperature for 20 minutes. The slidesewext rinsed with Tris buffered saline
(TBS). Blocking reagent was added for 10 minutésrafuenching the endogenous peroxidase
activity in 0.3% hydrogen peroxide for 10 minutese®ides were then washed as before and
they were subsequently subjected to the primaribeay reaction. Primary antibody was
applied in a moist chamber overnight af(4 . Afteashing with TBS, a biotinylated link
antibody was applied to the slides for 10 minuthis was followed by applying streptavidin
peroxidase for an additional 10 minutes. After wasliangthe excess complex, the localization
of antibody was visualized by incubating the sexidor 15 minutes with diaminobenzidine
(DAB, Santa Cruz Biotechnology, Santa Cruz, CA, USAY eounterstaining was done with
Mayer's hematoxylin. An isotype matched controllzodly was also used. The positive control
for O. tsutsugamushi was a serologically proven case of skin tissustebd of the primary
antibody, TBS was used for the negative control. &ovases of other inflammatory skin

lesions such as erythema nodosum and varicella zoster sersained.

Analysis and interpretation of staining
Staining for O. tsutsugamushi was determined to be positive when intracytoplasioi
extracellular discrete coccobacilli and aggregatésfragmented, granular or coalesced

rickettsial antigen were stained brown under an opticatascope (BX 50, Olympus, Japan).
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Immunofluorescent antibody assay (1FA)

IgM and IgG antibody to the standa@ tsutsugamushi antigen in the patients’ sera were
determined by the method described by Robinson atithl some modification (Gilliam, Karp,
Kato, and Boryong) [2, 8, 9]. Briefly, the serum wasi@itd with phosphate buffered saline to
1:32, and a two-fold serial dilution solution wasobgd onto slides on whch Orientia antigen
was seeded. Sera that were already known to beveosit negative were used as the internal
guality controls. Experiment slides were incubated ihumidified chamber at 37 degrees for
30 minutes, and they were subsequently washed vidth &nd distilled water. Fluorescent-
conjugated goat anti-human IgM and IgG diluted wiBSRo 1:300 were applied to each slide;
after incubation, they were washed as describedeabbie slides were air dried with FA
mounting solution (Bacto, USA), and examined underimmunofluorescent microscope
(Axioskop 2; Carl Zeiss, Germany) at 400X magnifimat The highest titer among the titers

against the Gilliam, Karp, Kato and Boryong species obthby IFA test was used.
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1. RESULTS

1. Characteristic of the subjects

Among the patients who visited the hospital fortactebrile diseases that developed
within one month prior to their visits, 125 patiemtsre suspected to have scrub typhus based
on the determination of clinicians, or the lesionspected to be eschars or maculopapular skin
rash. Among those patients, 63 patients gave nmiggbn to perform skin biopsy tests. Of
the 63 patients who underwent skin biopsy test,&kpts (39.7%) were males and 38 patients
(60.3%) were female. Their mean age was 59 yeargdra22-89 years). For 44 of these
patients, the titer dD. tsutsugamushi-specific IgM was higher than 1:80, or the antibedjue
during the acute phase and the recovery phase leeaterd more than 4 times, and so they
were definitely diagnosed as having scrub typhus.1HBopatients, the antibody value during
the acute and recovery phases was confirmed to dgatime, and they were definitely
diagnosed as having other diseases. Five patients uvaletermined because there were not
obtained patients’ sera during the recovery phasetd follow-up loss. The demographic data

of the patients was shown in table 1.

2. Immunohistochemistry as a diagnostic method for scrub typhus

Among 63 patients who underwent skin biopsy, 4 pg&ievere treated with antibiotics
that were active again€. tsutsugamushi prior to their visit to our hospital, and 59 pat&nt
were treated with antibiotics after their visitdar hospital: 46 patients underwent skin biopsy
prior to the administration of antibiotics and 1atipnts underwent skin biopsy after the
administration of antibiotics (Figure 1). Considgrihe effect of antibiotics on IHC, the results

of only 46 patients who underwent histologicalitesprior to the administration of antibiotics
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were compared with their IFA results. Thirteen pasewere diagnosed with diseases other
than scrub typhus by IFA testing and by the judganoé clinician. In 30 out of 33 suspected
scrub typhus patients, they were confirmed as soffédrom scrub typhus because the titer of
O. tsutsugamushi-specific IgM was higher than 1:80 or the antibditlsr during the recovery
phase was elevated more than 4 times. Three patentd not be definitely diagnosed as
scrub typhus due to follow-up loss.

Among the 30 definitely diagnosed patients, 18 p&ieinderwent skin biopsy on their
maculopapular lesions: one sample was an inadecqateng the appropriate 17 samples, 11
samples (64.7 %) presented with positive findingdtd@. On the other hand, among the 13
patients definitely diagnosed as having a disedbker dhan scrub typhus, 8 patients were
underwent skin biopsy on their maculopapular lesiofHC was performed on the
maculopapular skin lesions of 8 patients, and athegeesult was obtained for all the samples.
For 2 of 3 patients who could not be definitely diaggd due to the follow-up loss, skin biopsy
was performed on a maculopapular lesion; positive IHGrfgglwere confirmed in both cases.

Regarding the results of skin biopsy of escharsharsskin biopsy was performed on 27 of
the 30 definitely diagnosed cases; among them, 5lsamere found to be inadequate samples
that contained only necrotic debri. On the IHC performedpalients, positive findings were
detected for all 22 patients (100%). Among the liB=pts diagnosed as having a disease other
than scrub typhus, eschar-like lesions were detemtel patients (2 ecthyma gangrenosum,
chickenpox, metastatis aureus infection and fluid injection sites of meningipstients); IHC
was performed using the eschar-like lesions obtiafrem these 5 patients. The sample from
one patient was inadequate, and a negative resigtobtained for the remaining 4 patients.
Skin biopsy on the eschars was performed for Zpttiwho could not be definitely diagnosed

due to follow-up loss: Positive IHC findings of the esshaere detected for all 3 patients.
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Compared with the IFA, gold standard for the dedimitagnosis of scrub typhus, in regard
to the sensitivity and specificity of IHC on biopspecimens performed prior to the
administration of antibiotics, in the case of mapaloular lesions, the sensitivity was 64.7%
and specificity was 100%, and the sensitivity andfisjty of IHC testing on eschars were
shown to be 100% (Table 2).

For the four patients who had already been treatigd antibiotics prior to visiting our
hospital, they were admitted our hospital afterttresnt with doxycycline for 2 to 5 days. Skin
biopsy was performed on both the eschar and papules of st paind biopsy was performed
on only eschar in 3 cases. Positive IHC findingsenaatected for the eschars and papules of
these 4 patients. Among the 13 patients who undenskin biopsy after treatment with
antibiotics at our hospital, one patient was corgidno have erythema nodosum. The test
results of the remaining 12 scrub typhus patients are sur@dan Table 3.

Among the 63 enrolled patients, irrespective oftaotics administration, 44 patients were
confirmed to be cases of scrub typhus by IFA ; agntrem, eschars were detected in 43
patients excluding one patient. Histological testseschar was performed for 40 patients, and
7 samples were deemed inadequate. Concerning thedf@rmed on eschar for 33 patients,
histological testing was done on 32 patients withohays after the administration of antibiotics,
and the positive IHC finding of eschar could be fcamed. Nevertheless, in one patient,
Oriential Ag could not be detected by the IHC perfed at 13 days after the administration of

antibiotics.

3. Histological findings
On hematoxylin and eosin staining, the typical escétaowed confluent epidermal

necrosis with dermal vascular dilatation and pegudar inflammation. The ulcerated lesions
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showed heavy infiltration of neutrophils in and @rd the small blood vessels and there were
frequent thrombosed vessels in the ulcer base. dimenon pattern of inflammation showed a
superficial and deep perivascular mononuclearicglirate. Lobular or septal panniculitis that
consisted mainly of mononuclear cell infiltratiomsvfrequently identified (Figure 2). Most of
the uppermost part of the eschar lesions consistechon-viable acellular denatured
components. The papular lesions showed a very vadger of inflammatory changes that
consisted of various degrees of papillary derma&nel and a sparse or heavy infiltration of
perivascular mononuclear cells in the superficiadl anid-dermis (Figure 3). None of the
lesions showed epidermal necrosis or leukocytoclastmulitis.

According to the IHC findings, positive staining fOriential Ag was most apparent within
and associated with the vascular endothelium oillagps, arterioles, venules and veins. We
observed intracytoplasmic positive staining of lthiang epithelia of the sweat ducts and glands
in the mid- and deep-dermis. Oriential Ag and disc®occobacilli were primarily located
within the cytoplasm of the infected endothelidls;eand these were also identified within the
macrophages around the blood vessels (Figure 2, Figubg@legates of fragmented, granular
or coalesced Oriential Ag were also demonstratedoime interstitial areas. Orientia were
identified more frequently in the areas of the nmiaflamed lesion, and eschar that consisted of
non-viable tissue wusually failed to demonstrate itpes stainability. Generally,
immunohistochemical positive staining was much nagparent for the eschar lesions than for

the maculopapular lesions.
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V. DISCUSSION

For scrub typhus patients, an eschar approximat@ly Bim in diameter is formed at the
site bitten by thrombiculid mites, and this may besidered to be the most important clinical
finding for the diagnosis of scrub typhus. The ditden by chiggers is initially a papule
followed by a blistered ulcer and then this is gedewith black colored crust; the border of the
eschar is surrounded by reddish erythema. Suchieatygschar is formed at the time when
symptoms are manifested [10].

In the past, the clinical diagnosis of scrub typtuas dependent on detecting eschar and
rash, and the past history of the outdoor activii§-12]. Nevertheless, under actual clinical
conditions, only eschar without rash may be seen in some éasess shown in previous case
report, for febrile patients showing a lesion simila eschar, distinguishing whether such an
eschar-like lesion is actually a simple crust ahes is required [13]. Furthermore, eschars are
also detected for rickettsialpox or cutaneous anifeavel and other population migrations are
currently often occurring. Scrub typhus has beeonef in western countries [14, 15], and it
is difficult to definitely diagnose scrub typhuslpiby the assessment of eschar-like lesions in
many cases, SO more accurate diagnostic evaluation maguesce

Regarding the IHC method with using skin tissues, dtlvantages are that it requires the
patient to visit the hospital only once, and thailtesan be obtained within a few days. For
other rickettiosis such as Rickettsialpox, Rocky Miain spotted fever, the diagnostic
usefulness of IHC has already been reported andciiCoe applied as the definite diagnostic
method [16]. Nevertheless, the clinical usefulnesii@f for scrub typhus patients has not yet
been reported, so author conducted this study ongdbtilness of IHC. The responsiveness of

scrub typhus to antibiotics is relatively good, d@rtths been reported that within 48 hours after
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the administration of antibiotics that are effeetivon rickettia such as doxycycline,
azithromycin, etc., fever was controlled in most patig17]. Therefore, to minimize the effect
of antibiotics on the IHC results, we excluded 4gras who were treated with antibiotics prior
to hospitalization and 13 patients who underwennt biopsy after treatment of antibiotics in
our hospital, and the IHC results were compared thighlFA results. The result showed that
the sensitivity and specificity of IHC performed amaculopapular lesions were 64.7% and
100%, respectively, and the sensitivity and spetjfisiere 100% for IHC performed on eschar.

Among the 63 enrolled patients irrespective ofadeninistration of antibiotics, 44 patients
were confirmed to have scrub typhus via the IFAr; 25 patients among them, IHC was
performed with using papules. One patient's samplerg these 25 patients was inadequate.
Among the remaining 24 patients, 16 patients (66.8%)e positive IHC finding and 8
patients (33.3%) were negative IHC finding. In otherds, 33.3% showed as false negative.
Nevertheless, the impact of prior administratioranfibiotics or the period from the onset of
the symptom to the time of performing skin biopsy IBIC positivity didn’t result in any
statistically significant difference (p >.05).

Among the 63 patients on whom we performed hisioldgtesting, 14 patients were
confirmed to have a disease other than scrub typBupatients could not be definitely
diagnosed as scrub typhus by IFA test due to follipwloss (IgM lower than 1:80 or the
increase of the IgG titer of more than 4 times dowdt be proven), and eschars were detected
on all 5 patients. For 3 patients among these ®miati positive IHC findings on both the
papules and eschars were confirmed, and a positigan@ on eschars was confirmed for the
other two patients. 49 patients were confirmed tetstrub typhus by IHC performed on both
the eschar and papule tissues; among these patdnsatients had an IgM titer lower than

1:80 at the time of visit. 42.9% were patients whquied follow up observations for the
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definite diagnosis; the Ig G was also lower that8:for 10 patients among them. However,
for the patients who underwent IHC, it was confirmed thatcaorate diagnosis could be made
by a single test performed at the time of the first hosypisél

Both papule and eschar can be used as diagnosttesariihe eschar formed on the site of
the mite bite is the site wher®. tsutsugamushi is proliferating; hence, the eschar is
theoretically the site where the inoculum size ugeaylarge. The sensitivity of IHC on eschar
was confirmed to be 100%, so it was confirmed that eschar beudgplied as a more sensitive
diagnostic sample for the IHC than the maculopapular lesion

For the IHC performed on eschar or maculopapukipteafter 3-4 days administration of
antibiotics that are effective for rickettia, thetibiotics didn’t greatly influence the sensitivity
of diagnosis. Yet for one patient, Oriential Ag counlat be detected on IHC testing performed
on the 13th day after the administration of antibg& The number of patients on whom we
performed IHC after the administration of antilbéstivas small; hence, additional studies are
required concerning the usefulness of IHC performed difteadministration of antibiotics.

The hematoxylin and eosin histological finding ofud typhus is vasculitis. Dilation of the
capillary blood vessels and infiltration of monaeytto the vicinity of capillary blood vessels
can be detected. The histologic findings of eschtre infiltration of monocytes to the vicinity
of blood vessels together with coaulation necromig] such findings are known to be the
characteristic finding of scrub typhus. Yet suchdiitys can also be detected in other eschar-
like lesions (Figure 2), and so such findings canb&odiagnostic for scrub typhus. We found
that eschar is not always a pathognomic findingsaub typhus. Scrub typhus should be
definitely diagnosed by assessifigientia coccobacilli with IHC. For IHC, more abundant
Orientia coccobacilli were generally detected ie #schars than in the skin maculopapular

lesions, and Oriential Ag was assessed primarily in thegsenillar inflammatory infiltration in
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the deep and superficial dermis. Therefore, IHC skia biopsy with using eschar during the
acute phase of scrub typhus could be used as #tgdst method for confirming the clinical
diagnosis. This test method, and particularly IHGhgséschar, could diagnose scrub typhus
within few days after a single visit, and this coblel applied as a very sensitive and specific
definite diagnosis method, and the sensitivity goecHicity are not influenced even after the
short term administration of antibiotics.

In conclusion, it was suggested that for possibtalstyphus patients, the IHC with using
skin tissues, and especially eschar, could be app@ied useful, sensitive and specific

diagnostic method for making the early diagnosis.
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V. SUMMARY

Backgroud: The aim of this study is to assess the clinicakfulness of performing
immunohistochemical staining (IHC) on paraffin-emted skin biopsy specimens for the
diagnosis of scrub typhus in comparison to indirect immuonoéscent antibody (IFA) assay.
Methods: We conducted a prospective study of patients widksible scrub typhus from
September, 2005 to August, 2006 to assess the clinicalnesfiof IHC.

Results: 125 potential scrub typhus patients were prospalgtstudied. Skin biopsy specimens
were obtained from 63 patients. To minimize the@fecaused by antibiotics on the IHC, 46
patients were assessed prior to the administrati@ntibiotics (except for the 4 patients who
had received prior antibiotic therapy before admisand the 13 patients who underwent skin
biopsy after the administration of antibiotics at our fitagp Compared with the results of IFA,
which is the definite diagnostic method for scrulphus, the results of IHC on the
maculopapular skin lesions demonstrated a sergit¥i0.65 and a specificity of 1. The results
of IHC on the eschars demonstrated a sensitivity ahd a specificity of 1. For the IHC test
performed on eschar or maculopapular lesion aftérdays administration of antibiotics that
are effective for rickettia, the antibiotics didn't greatifluence the sensitivity of diagnosis.
Conclusions: The IHC of skin biopsy specimens, and particulaHgst of eschars, is both
sensitive and specific, and this technique can taiable test for confirming the diagnosis of

scrub typhus.

Key words. Immunohistochemical staining, Scrub typhOsientia tsutsugamushi
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Table 1. Demogr aphic and clinical data for the enrolled patients

Characteristics

Value

Age, median years (range)
Gender

Male

Female

Diagnosis

Scrub typhus (confirmed case)
Scrub typhus (undetermined case)
Drug reaction

Ecthyma gangrenosum
Typhoid fever

Paratyphoid fever

Varicella Zoster

Pemphigus

Erythema nodosum

Adult onset Still's disease
Meningitis

Erysipelas

MetastaticS. aureus infection

59 (22 — 89)

25 (39.7%)

38 (60.3%)

44

NOTE. Values are reported as no. (%) of patients, unless othdnalisated.
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Table 2. Results of IHC in comparison with the IFA for patients who underwent skin

biopsy prior to the administration of antibiotics

Test Screening tests
Sensitivity Specificity PPV NPV
(95% CI) (95% CI) (95% CI) (95% CI)
Papule IHC 0.65 1 1 0.57

(0.38-0.85) (0.60-1) (0.68-1) (0.29-0.81)
Eschar IHC 1 1 1 1

(0.82-1) (0.40-1) (0.82-1) (0.40-1)

* |FA indicates indirect immunofluorescent; IHC, nmunohistochemical staining; CI

confidence interval; PPV, positive predictive value; NRggative predictive value
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Table 3. Results of IHC in comparison with the IFA for patients who underwent

skin biopsy after the administration of antibioticsin our hospital

Pati- Age Admissi Serum IFA titer Biopsy IHC
ent /sex ontime Acute Covalescent days after Maculo- Eschar
No. after (g M/1gG) (lg M/IgG)  antibiotics papule

Onset of administrai

sympto on

ms

1 73/M 10days 80/1,024 160/16,384 1 days Not done Inadequate

2 60/F 4 days 80/32 80/2,048 1 days - +

3 89/F b5days <10/<32 1 days Not done +

4 54/F 5days <10/<32 1 days Not done Inadequate
5 37/ 15days 80/512 40/16,384 1 days + +

6 B54/F 7 days 80/32 40/1,024 2 days + +

7 73/M 5 days 160/256 160/2,048 3 days + +

8 71/M 9 days 160/512 3 days + +

9 81/F 7days <10/<32 3 days + Inadequate
10 85/F 6 days 80/128 3 days Not done +

11  44/M 1l1days 80/512 4 days - +

12 79/F 7days 80/1,024 13 days Not done -

* [FA indicates indirect immunofluorescent; IHC, immunstbchemical staining
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Figure 1. Patientsflow in scrub typhus patients underwent skin biopsy
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Patients underwent skin biopsy (n = 63)

]

[ Patients treated with antibiotics prior to visit to our hospital (n=4) } [ Patients treated with antibiotics after visit to our hospital (n = 59) ]
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J |
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Figure 2. Histopathologic findings and immunochistochemical staining of the eschar of a
scrub typhus patient (a~c) and for the eschar-like lesions on a patient with chickenpox
(d~f). Eschar from the right shoulder of the patient veithub typhus (a). Confluent epidermal
necrosis with dermal vascular dilatation and peguar inflammation was identified.
Infiltration of mononuclear cells such as lymphacynd macrophage was observed. H&E, x
40 (b). Positive immunohistochemical staining of #ascular endothelial cells, sweat glands
and a few scattered mononuclear cells around tlal #Mood vessels and sweat glands was
demonstrated. The LSAB method and counterstainin Mayer’'s hematoxylin, x 400 (c).
Eschar-like lesion from the submental area of th&ept with chickenpox (d). Confluent
epidermal necrosis with dermal vascular dilatatiand perivascular inflammation was
identified. Mononuclear cells infiltration such gsnphocyes and macrophage were observed.
H&E, x 40 (e). Negative immunohistochemical stainadighe vascular endothelial cells, sweat
glands and a few scattered mononuclear cells arthendmall blood vessels and sweat glands
as demonstrated. The LSAB method and counterstaivithgMayer’'s hematoxylin, x 400 (f).

30



Figure 3. Histopathologic findings and immunohistochemical staining of the
maculopapular lesions of a patient with scrub typhus. Heavy infiltration of perivascular
mononuclear cells in the mid- and deep-dermis wamahstrated. H&E, x 200 (a). Positive
immunohistochemical staining of the vascular enel@h cells and a few scattered
mononuclear cells around the small blood vessels desmonstrated. The LSAB method and
counterstaining with Mayer's hematoxylin, x 1,000 .(bBtrong intracytoplasmic

immunohistochemical staining of the epithelia loithe sweat ducts was found. LSAB method

and counterstaining with Mayer’s hematoxylin, x 400 (c).
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