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ABSTRACT

Purpose of the study. To study the histological type, grade of tumor differentiation in patients with primary and recurrent
clinically non-muscle-invasive bladder cancer (NMIBC) with highly carcinogenic human papillomavirus (HPV) infection.
Patients and methods. Formalin-fixed and paraffin-embedded bladder tumor tissue samples have been studied in 159
patients who underwent transurethral resection (TUR) of the bladder, for the presence of HPV DNA. To detect, quantify and
differentiate DNA of HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 genotypes in the samples, the AmpliSense® HPV
HRC genotype-titer-FL was used. The result of the study was taken into account when the amount of DNA of the B-globin
gene was at least 1000 copies per reaction. In order to statistically analyze our data we used the Fisher exact test and also
calculated the odds ratio (OR) and 95 % CI.

Results. According to the results of the study, out of 159 patients, high-risk HPV DNA was detected in the tumor tissue in 59
(37.1 %), of which HPV type 16 was found in 52 patients (89.4 %), HPV 18 was detected in 4 patients type (6.7 %) and type
35in 3 (5.08 %). In a morphological study of the tissues of HPV-positive patients, the grade of tumor differentiation was
G2 in 18 cases (30.5 %), G3 in 37 blocks, and G1 was detected only in 4 cases (6.7 %). In the presence of HPV, the chance
of detecting a stage G3 tumor increases by 4.3 times. According to the received data, we can assume that there is a close
relationship between detection in HPV patients of high-risk genotypes with moderately differentiated and low-differentiated
forms of bladder cancer.

Conclusion. this study may indicate that HPV infection affects the grade of tumor differentiation, and this, in turn, may allow
the use of the HPV test to assess the nature of the development of relapse and/or progression of the disease.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

KNUHWUKO-MOP®ONIOTMYECKME OCOBEHHOCTM TEYEHWUA PAKA MOYEBOTO MMY3blIPA
Y BMNY-MHOULIMPOBAHHbIX bOJIbHBIX

A. A. Nynartosa®, C. H. fumutpnagn, [. C. Kytunuu, T. A. 3bikoBa, E. M. ®panumnsHnu, E. A. lleBsikoBa,
B. K. XBaH, C. U. l'oHyapoB

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 dr.pulatova05@gmail.com

PE3IOME

Lienb uccnepoBaHus. /13yyeHne ructonornyeckoro Tmna, creneHn AmbdepeHuMpoBKM ONyXonu, Y 60bHbIX NEPBUYHBIM
1 PeLMANBUPYIOLLMM KIMHUYECKU HEMbILLEYHO-MHBA3UBHBIM pakoM Mo4eBoro ny3sbips (HMUPMIT) npy uHdeKumn BUpPycom
nanunnomMbl yenoseka (BMY) BbICOKOro KaHLLEPOreHHOro pucka.

MaumeHTbl U MeTOAbI. M3yyeHbl 06pa3sLibl HUKCUPOBaHHbIX B GOpManuHe 1 3anuTbix B napaduH TKaHel onyxonei Mo4eBoro
nyabipsa y 159 naumneHTOB, NepeHecLIMX TpaHCypeTpanbHyto pesekumio (TYP) MoyeBoro nysbips Ha Hanudve JHK BMNY. Ons
BbIAB/IEHUS], KONIMYECTBEHHOIO onpeaenexnns n guddepeHumaumm JHK BMY 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68 reHoTUNOB B 06pasLiax ncnonb3osanu Habop peareHToB «<AMNANCeHc® BMY BKP reHoTun-TuTp-FL». Pe3ynbTaThbl yunThl-
Banucb npu konuyectee JHK B-rnobuHoBoro reHa He MeHee 1000 Konuit Ha peakuuio. 1518 NpoBeaeHUst CTaTUCTUYECKOro
aHanM3a nosly4YeHHbIX HaMu1 AaHHbIX, Mbl UCMONb30BaNM TOYHbIN KpuTepuii Guiuepa, a TakKe paccymTbiBanI OTHOLLIEHUE
waHcos (OR) ¢ 95 % AU (ClI).

Pesynbrathbl. [0 pe3ynbtataM uccnepgoBaHus us 159 nauventos OHK BMY Bbicokoro pucka 6bina o6HapyXeHa B TKaHU
onyxonu y 59 (37,1 %), u3 Hux BMY 16 Tuna y 52-T1 60nbHbIX (89,4 %), y 4-x BbiAneH BMY 18 Tuna (6,7 %) u 35 Tuna 'y 3-x
(5,08 %). Mpu MmopdonornyeckoM nuccnegoBaHuy TkaHen BIMNY-no3UTUBHbBIX NALMEHTOB CTeneHb AUbHEPEHLMPOBKM OMy-
xonu B 18 cnyyvasix (30,5 %) sensinack G2, B 37 6nokax- G3 v nuwb B 4 cnyyasix (6,7 %) BoisieneH G1. Mpu Hanuuum BMY
nosbiwaetcs B 4,3 pa3a LaHc 06Hapy>xeHus onyxonu ctagumn G3. Mo nonyyeHHbIM AaHHbIM Mbl MOXKEM NPEeLNONOXUTb,
4YTO UMeETCs TeCHasi CBA3b MeXAyY BbisiBNIeHWeM Yy naumeHToB BIMNY reHOTUNOB BbICOKOro pucka C HaiMunem yMmepeHHo
OnbdepeHLMpoBaHHbIX U HU3KogMddepeHLpoBaHHbIX GopM paka Moyesoro nyabipa (PMI).

3aknioyeHue. [laHHOe NCCNefoBaHNe MOXeT CBUAETeNIbCTBOBAaTb O TOM, YTo BIMY nHbekumns BnuseT Ha cTeneHb andde-
PEHLIMPOBKM OMyX0JIK, @ 3TO B CBOO OYEPeAb, MOXET NO3BOUTL UCMOob3oBaTh BINY-TecT ans oueHkM xapakTepa pasBuTus
peLuanBa 1/nnm NporpeccupoBaHuns 3a6osieBaHus.

KntoueBble cnoBa: pak MOYEBOTro My3bips, BUPYC NanuisioMbl YEN0 BEKA, ypoTenvanbHas KapLMHOMa, TpaHCypeTpasibHas

pe3ekunsa Mo4eBoro nysbips

[Ons uutuposanus: Mynatosa A. A., iumutpuagu C. H., Kytunun [1. C., 3bikoBa T. A., ®dpaHumsaHy E. M., LleBsikoBa E. A, XBaH B. K.,
loHyapos C. U. KnuHuko-Mopgonornyeckine ocO6EHHOCTH TeYEHNS paka MoYeBoro ny3bips y BMY-MHGMLMPOBaHHbIX 60/bHbIX.
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Co6/tofieHNe 3TUYeCKMX CTaHAapPTOB: B paboTe CO6A0AANNCh 3TUYECKME MPUHLMUNBI, NPeAbABNsieMble XeNnbCUHKCKON feknapauueii BcemupHoi
MeaunumHcKoit accoumaumm (World Medical Association Declaration of Helsinki, 1964, peg. 2013). UHdopMupoBaHHOe cornacve noayyeHo oT BCex

Yy4aCTHUKOB uccnepoBaHusa.

q)VIHaHCVIpOBaHVIeZ d)VIHaHCVIpOBaHVIe DaHHoM pa6OTbI He NpoBOAMNOCH.

KOH¢J'IMKT WHTEepecoB: BCE aBTOPbI 3aABNAKT 06 OTCYTCTBUW ABHbIX U NOTEHLMANbHbIX KOH¢I1VIKTOB MHTEpPecoB, CBA3aHHbIX C I'Iy6l1VIKaL|,I/IeVI

HacCToALLEN CTATbY.

CraTbs nocTynuna B peaakumio 28.12.2022; opobpeHa nocne peueHsupoanus 05.07.2023; npuHsta K nyénukaumum 14.09.2023.
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INTODUCTION

Bladder cancer (BC) is one of the most common
pathological conditions, which ranks 7th among
men and 17th among women in the world. In Russia,
this disease ranks 9th among the male population
(4.6 %), and 16th among women population. In recent
years, the incidence of bladder cancer has increased,
however, the widespread use of visualization diag-
nostic methods allows diagnosing bladder cancer in
75 % of cases at stage I-ll of the disease. Neverthe-
less, this disease is a growing public health problem
due to the frequent recurrence and progression of
the tumor process [1].

Urothelial carcinoma, which accounts for about
90 % of all cases of bladder cancer, is so far the most
common histological type worldwide. The stratifica-
tion of bladder cancer can be binary, based on the
depth of penetration, i.e. muscle-invasive (MIBC)
and non-muscle-invasive (NMIBC) bladder cancer.
NMIBC accounts for about 75 % of newly diagnosed
urothelial cell carcinoma of the bladder [2]. Due to
the high mitotic activity of urothelial bladder carcino-
ma (UBC), despite the radical transurethral resection
of the bladder tumor and adjuvant intravesical ther-
apy, after performing transurethral resection of the
primary tumor in NMIBC, relapse occurs in 30-60 %
of cases [3].

Well-known risk factors for bladder cancer include
cigarette smoking, several occupations associated
with exposure to aromatic amines (for example, in-
dustrial production of dyes), cyclophosphamide and
frequent use of the analgesic phenacetin. Possible
carcinogens for bladder cancer are parasitic (schis-
tosomiasis) and bacterial agents (nonspecific urinary
tract infections, gonorrhea), as well as viral infections
such as human papillomavirus (HPV) [4; 5].

One of the most common sexually transmitted
infections is HPV. During the examination of pa-
tients in medical centers of the Russian Federation
(RF) in 2019 the HPV deoxyribonucleic acid (DNA)
was discovered in 5015 (39 %) of 12946 examin-
ees. It was also noted that 3509 patients had one
type of HPV, and 1957 patients had several types of
HPV, and among 5015 people 8584 had HPV of dif-
ferent types [6]. There are more than 200 different
types of HPV affecting human mucous membranes
and skin, of which 14 types belong to the high-risk
group (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,

14

68 and 73). Those are detected in 98 % of cases
of cervical, vaginal and vulvar cancers. HPV 6 and
11 are the most common cause of genital warts,
whereas HPV types 16 and 18 lead to the devel-
opment of intraepithelial neoplasia and cervical
cancer [7]. HPV is also a well-known mucosotropic
carcinogen and a common cause of cancer in the
anogenital region.

HPV DNA replication occurs only in the cells of
the basal layer, and in the cells of other layers of the
epidermis, viral particles only persist, including the
transition zones of the multilayer epithelium into the
cylindrical one. This process is controlled by virus
proteins, which disrupt the normal process of cell
differentiation, leading the death of the cellular nu-
cleus and, as a result, the alteration of the epidermis.

A feature of HPV is its ability to persist in the hu-
man body for a long time, affecting only the basal
layer of the epithelium, while it does not penetrate
into the blood. The virus resides in the form of an
episome in the cell, and due to this infection course
is often benign [8].

When comparing groups of HPV-positive and
HPV-negative patients, higher cellular anaplasia was
found in people with BC infected with HPV, due to
which primary cancer is more often HPV-positive in
contrast to recurrent [9].

According to a study by the Department of Hu-
man Pathology of Wakayama Medical University (Ja-
pan), using the in situ miRNA hybridization (RISH)
RNAscope method, high-risk HPV E6/E7 mRNA
was analyzed in shear of BC tissues filled with par-
affin. Low-grade and high-grade urothelial cancer
(UC) were detected in 61 (26.8 %) and 167 (73.2 %)
cases, respectively. Noninvasive UC was the most
common tumor (39.5 %, including 37.3 % pTa and
2.2 % PTIs), followed by invasive pT1 (21.9 %), pT2
(18.0 %), pT3 (11.4 %), pT4 (3.1 %) and metastatic
tumor (6.1 %) [3].

Despite the experimental and theoretical data
accumulated up to date, many oncogenic proper-
ties of HPV, their involvement in the pathological
process and influence on the processes of relapse,
progression of bladder cancer remain poorly un-
derstood.

Purpose the study: to study the histological type
and the grade of tumor differentiation in patients
with primary and recurrent clinically muscle- noninva-
sive BC with HPV infection of high carcinogenic risk.
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PATIENTS AND METHODS

Our study involved patients with confirmed BC
(n = 159) who underwent transurethral resection
(TUR) of the bladder. The average age of the pa-
tients was 63.7 years + 11.6 years. Among them
136 men and 23 women were. All patients (n = 159)
included in the study had a preoperative clinical
stage cTTINOMO. The criteria for inclusion in the
research work were the following: morphologically
confirmed non-muscle-invasive urothelial bladder
cancer in the clinical stage cTTNOMO, where can
be performed transurethral resection. The patients
voluntary participation in all stages of the study
was confirmed by informed consents they have
signed. We also put forward criteria according to
which we excluded patients from the study, and
those are: the presence of non-urothelial BC; the
presence of therapeutic or psychiatric reasons that
could potentially challenge the participation in the
study; pregnancy or lactation; inability to perform
transurethral resection of BC. Transurethral resec-
tion of the bladder for primary BC was performed
in 97 patients, and 62 patients underwent surgery
for recurrent BC.

HPV status of patients was determined by PCR
test. The presence of HPV DNA was determined in
tumor tissue, which was fixed in formalin and filled
with paraffin (FFPE tissue). Before the analysis, the
paraffin was removed with xylene and 96 % ethanol.
HPV DNA of high cancerogenic risk was determined
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 types) by
PCR. The cross-binding of formalin to DNA was elim-
inated by incubation at a temperature of 90 °C after
cleavage with proteinase. The result of the study

0COGEHHOCTM TEYEHUSI paka MOYeBOro My3blps y BMY-MHGULMPOBaHHbBIX 6ONbHBIX

was taken into account when the amount of DNA
of the B-globin gene was at least 1000 copies per
reaction. To carry out statistical analysis of the data
obtained by us, we used the Chi-square Criterion with
the Yates correction, the exact Fisher criterion, and
also calculated the odds ratio (OR) with 95 % CI. To
assess the strength of the relationship between the
risk factor and the histotype, stage or relapse, a nor-
malized value of the Pearson coefficient or Kramer's
criterion V was used.

STUDY RESULTS

According to our study, in samples from 159 FFPE
DNA blocks, HPV of high oncogenic risk was detect-
ed in tumor tissue in 59 patients (37.1 %). HPV type
16 of those was present in 52 patients (89.4 %), HPV
type 18 (6.7 %) in four patients, and HPV type 35 was
detected in three patient (5.08 %). During morpholog-
ical examination of the tumor tissue of HPV-positive
patients, only 43 (72.6 %) patients had a typical tran-
sitional-cell BC, and 15 (24.4 %) patients had squa-
mous cell differentiation and 1 (1.7 %) patient had
micropapillary BC (Table 1). The last two histological
variants refer to tumors of high malignant potential
(high-grade), which is a poor prognostic criterion.
While in HPV-negative patients, 96 (96 %) patients
had a typical transitional cell BC and 4 (4 %) patients
had squamous cell differentiation

Evaluation of the significance of histotype dif-
ferences depending on the exposure to risk factor
(HPV) showed that statistically significantly the ab-
sence of HPV infection leads to the development
of transitional cell BC (Chi-squared criterion with
Yates correction = 15.994, p < 0.001; Fisher's exact

Table 1. Urothelial cancer morphological type depending on HPV presence

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

Transitional cell BC (n = 139)

43 (72.9 %)

96\ 100 (96 %)

Squamous cell BC (n = 19)

15 (25.4 %)

4\100 (4 %)

Miscropapillary BC (n = 1)

1(1.7 %)

Not detected
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criterion (bilateral) = 0.00004, p < 0.05). At the same
time, the strength of the relationship between the risk
factor and the histotype was relatively strong (the
normalized value of the Pearson coefficient = 0.451).

Histological examination of the tumor tissue of
HPV-positive patients according to the degree of
tumor differentiation obtained the following results:
G2 was detected in 18 cases (30.5 %), G3 —in 37
blocks (62.7 %) and only in 4 cases (6.7 %) G1 was
detected (Table 2)

The statistical analysis showed that the presence
of HPV reduces the chance of detecting a tumor of
stage G1 (Lower limit, 95 % CI 0.140 Upper limit 95 %
ClI (Cl) 1.427) and G2 (Lower limit 95 % CI 0.161.
Upper limit 95 % Cl 0.629). In the presence of HPV
the chance of detecting a G3 stage tumor increas-
es by 4.3 times (The lower limit is 95 % Cl 2,180,
the upper limit is 95 % CI 8,578), according to the
obtained data, we can assume that there is a close
relationship between the detection of high-risk HPV
genotypes in patients with the presence of moder-
ately differentiated and low-differentiated forms BC.

We also found that HPV does not significantly
affect the development of grade G1, but affects the

development of grade G2, as well as G3 (Fisher's
exact criterion (bilateral) = 0.00003, p < 0.05).

In the structure of patients, recurrent HPV infec-
tion was detected more often (in 46.8 % of cases)
than in patients with primary BC (in 30.9 % of cases)
(Table 3).

According to the criteria for assessing the signif-
icance of differences in outcomes, our value (4.07)
exceeds the critical one, which means that based
on the application of Pearson's criterion x2, the null
hypothesis about the absence of a statistical rela-
tionship between the studied risk factor and the out-
come can be rejected at a critical significance level
of 5% (p = 0.044). At the same time, the value of the
Yates-adjusted X2 criterion is 3.419, which is less
than the critical value (3.841), which means that we
cannot reject the null hypothesis about the absence
of a statistical relationship between the risk factor
and the outcome (p = 0.065). It is also shown that
there is a weak link between the development of
relapse of BC and HPV infection (Kramer's criterion
V =0.160).

However, an analysis of the effect of HPV infec-
tion on disease recurrence when calculating the odds

Table 2. The quantitative relations among HPV-positive and HPV-negative morphologically confirmed BC cases of different

tumor grades of differentiation

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

G1 (person) 4 (6.8 %) 14 (14 %)
G2 18 (30.5 %) 58 (58 %)
G3 37 (62.7 %) 28 (28 %)

Table 3. HPV status of the patients with primary and recurrent BC

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

Primary BC (n = 97)

30 (30.9 %*)

67 (69.1 %*)

Recurrent BC (n = 62)

29 (46.8 %**)

33 (53.2 %*)

G3 37 (62.7 %)

28 (28 %)

Note: * — out of all patients with primary BC, ** — out of all patients with recurrent BC.
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ratio with a 95 % confidence interval showed that
HPV infection increases the chances of relapse by
2 times (Odds Ratio (OR) = 1.963, the standard error
of the odds ratio (S) = 0.336, the lower limit 95 %
Cl = 1.015, the upper limit 95 % Cl = 3.793).

After pathomorphological examination of the sur-
gically removed material migration of the stage from
clinical preoperative T1 to stage T2 in the postoper-
ative material in HPV-positive patients with BC was
observed 4.5 times more often (13.5 % of cases)
than in HPV-negative patients (3 % of cases of BC),
(Odds ratio (OR) = 5.072, S = 0.699, lower limit 95 %
Cl =1.289, upper limit 95 % Cl = 19.951) (Table 4).

Statistical analysis also showed the presence of
an average strength of the relationship between the
development of stage T2 and the presence of HPV
infection (Kramer's Criterion V = 0.201). At the same
time, the stage of the disease statistically significant-
ly depended on the presence of HPV (Chi-squared
with Yates correction = 4,890, p = 0.028).

DISCUSSION

Many scientists believe that HPV type 16 is often
actually involved in the process of BC formation.
HPV-affected tumor cells are able to influence the
microenvironment, causing tumor recurrence from
normal urothelial cells that were in close proximity
to the area of the removed tumor. The direct effect
on the HPV microenvironment of an infected tumor
during its removal may further contribute to a prog-
nostic factor [9].

HPV infection in most cases is cured sponta-
neously. In other cases, with the persistence of
a high-risk virus, the risk of malignant neoplasm
increases.

The confirmation of a specific type of HPV is nec-
essary because different types of this virus have
different potential to participate in carcinogenesis:
oncogenic types of HPV are 16 and 18 for instance.

0COGEHHOCTM TEYEHUSI paka MOYeBOro My3blps y BMY-MHGULMPOBaHHbBIX 6ONbHBIX

The detection of several types of virus is a negative
outcome and a more severe course of the disease
with a high risk of persistence.

Given the contradictory nature of the literature
data on the role of human papillomavirus in the
pathogenesis of bladder cancer, we sought to investi-
gate the frequency of their involvement in a cohort of
patients with BC of varying degrees of invasion and
differentiation. DNA was determined in 159 paraffin
blocks for the presence of human papillomavirus.
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 types)
of high oncogenic risk were determined by real-time
PCR. Due to the limits of analytical sensitivity, our
data cannot exclude the presence of extremely low
levels of HPV16 or HPV18 in bladder tumors. An-
other factor proposed to explain the differences in
the prevalence of bladder tumors is that the virus
may not infect all parts of the tumor tissue in the
same way. Thus, if the samples are not taken from
an infected area, the test may give a false negative
result. Similarly, contamination during sampling can
lead to false positive results [5].

Out of 59 HPV positive results, histological ex-
amination revealed squamous cell differentiation
of the tumor in 15 (25.4 %). This type of differen-
tiation often indicates poor sensitivity to radiation
and systemic chemotherapy. HPV infection was also
detected in a single patient with micropapillary BC.
One of the aggressive variants of the morphological
component is micropapillary, and due to the low de-
gree of cell differentiation and invasion into the mus-
cle layer, the five-year survival rate in this variant of
BCis 51 %. Of 59 HPV-positive patients, 37 (62.7 %)
had a low degree of differentiation, 18 (30.5 %) had
a moderate degree, and only 4 (6.8 %) had a high
degree of differentiation.

It should be noted that in all patients with a posi-
tive HPV test, a low viral load was detected on aver-
age 2.1 + 0.8 Ig HPV\10° x B-globin, which we explain
by the fact that all HPV tests used to date have been

Table 4. Postoperative stages of BC patients following the TUR of the bladder

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

Stage before the surgery/

number of patients T1(n = 59)

T2 (n=0) T1 (n = 100) T2 (n=0)

Stage after the surgery/

number of patients T1(n=51,86.4%)

T2(n=8,13.5%)

T1(n=97,97 %) T2(n=3,3%)
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validated for the cervical epithelium and the viral load
is estimated due to the severity of cervical intraep-
ithelial neoplasia. Clinically significant for cervical
cancer and cervical intraepithelial neoplasia is the
load from 3 to 5 Ig 10% x B-globin, a high probability
of developing cervical cancer is observed with an
amount of more than 5 Ig 10° x B-globin. At the same
time, the assessment of viral load in bladder tumors
has not been determined.

Thus, we found HPV DNA in tumor tissue in pa-
tients with a low or moderate degree of tumor differ-
entiation, which is consistent with the literature data
and may indicate an unfavorable course of the dis-
ease, as well as the possibility of using this relapse
prediction test after complex treatment.

Previously published studies have shown the im-
portant role of HPV infection and the development
of various types of malignant neoplasms, including
cancer of the cervix, vagina, vulva, oropharyngeal zone,
anogenital cancer. HPV type 16 is a papilloma virus
with the highest oncogenic risk and is found in about

55-60 % of cases of cervical cancer. HPV type 18 is
the second most oncogenic papilloma virus, which is
found in about 10-15 % of cases of breast cancer [10].

CONCLUSION

According to the given study, in HPV-positive
patients with a clinically diagnosed non-muscle-
invasive BC, migration of the stage up to T2 was
observed 4 times more often than in HPV-negative
patients. At the same time, the prevalence of HPV in
tumors of low and moderate malignancy was 93.2 %.
Our results indicate a link between HPV infection and
a lower degree of differentiation and a higher stage
of the tumor process, as well as aggressive forms
of urothelial cancer (squamous cell, micropapillary
variants). Thus, this study may indicate that HPV
infection affects the degree of tumor differentiation,
and this, in turn, may allow the use of an HPV test to
assess the nature of relapse and/or further progres-
sion of the disease.
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