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ABSTRACT

The long established life cycle pattern in Spi-
rochaetacea implies the alternation of a motile
spirochete and a cyst depending on the situation.
Adverse conditions like starvation in vitro, improp-
er pH, low temperature, suppression by increased
immunity or drug action in vivo (e.g. salvarsan,
antibiotics), etc. are known to result in spirochete
cystogeny, whereas such favorable conditions as,
e.g., a rich medium in vivo, absence of vertebrate
host immunity, blood replenishment by a soft or
hard tick vector, etc. provoke the development of
motile spirochete. The agent of Lyme disease, or
tick-borne borreliosis, being a spirochete, is sug-
gested to be no exception in the Borrelia — ixodid
tick/vector — human patient system. Based on
observations in 1996-2000 at a focus of tick-borne
encephalitis and borreliosis near St. Petersburg,
Russia, an analysis was performed of the occur-
rence frequency of motile Borrelia burgdorferi
sensu lato in the taiga tick, Ixodes persulcatus
Schulze, detected using darkfield microscopy, PCR
and IFA techniques. With a total of 3610 ticks
analyzed, a positive correlation of adult tick activ-
ity (April-July) with soil surface temperature over
the season was demonstrated but a negative one
with morbidity during May-July. At the same time,
PCR positive but live spirochete-negative ticks
were 3 times more abundant at the very beginning
of the season (end of April beginning of May),
when the highest morbidity rate was observed. This
allows for the hypothesis to be advanced that, in the
hibernating adult ticks, it is the spirochete cystic
form that prevails, serving the main source of
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infection at least during that period. An increased
frequency of occurrence of motile spirochetes to-
ward the end of the season appears to suppress tick
locomotor activity, shortens up to 2 times the lifespan
of infected ticks, and decreases the number of
Borrelia-infected tick females. This suggests that
Borreliais atrue tick parasite, being its competitor
in food consumption, i.e. the blood accumulated by
the host at the previous stage. As cyst prevalence
until early in the season followed by a steady rise in
live spirochete population (especially non-patho-
genicones) toward fall correlates most spectacular-
ly (Pearson’s correlation index 1.000) with a drop
in tick morbidity, the main infectious agent in PCR
positive but live motile spirochete-negative ticks
can be supposed to be the cystic form of Borrelia,
especially so after overwintering, at the beginning
of the season. A relapse of the disease can thus
depend on cyst and motile spirochete alternation. A
similar alternation process is apparently typical of
Ixodes as well as of Argas ticks.
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OOppenHI—HKCOA0BbIH KICII—IEPEHOCYUK—
GonbHOM YeaoBek. Ha ocHOBaHWHU HAOIIONCHHI B
Teuenue 1996-2000 rr. B oyare KJIELEBOrO IHLE-
¢damuta u Ooppenuoza B okpecTHOCTsAX CaHKT-
[Metepbypra (Poccus) mponsBe1eHO CpaBHEHHUE Yac-
TOTbI OOHAPYKCHUS JKUBBIX CHHPOXET B KJIEIIAX,
HX PUHAJUIEKHOCTD K 3 BUAaM OOppEIHii, MaToreH-
HbIX Jias uenoBeka, (Metogom TP u PHUD) u
3a00J1€BaEMOCTH KITELLEBBIM OOPPEITHO3M C YUETOM
BIIMsIHUS aObHoTHUECKUX HaKTOPOB Cpe/ibl (TeMIe-
paTyphl MOACTHIIKH ). Y CTAHOBJICHO, YTO B TEUEHHE
CE€30Ha BCTPEUAEMOCTh KIICLIEH CO CIIHMpPOXETaMH
pacTeT M MOJIOKHUTEIBHO KOPPEIHUPYET C POCTOM
TemnepaTypsl. Hucio kienieii 6e3 cnupoxet ¢ 60p-
PENTHSIMH TMATOTCHHBIMU IS YEJIOBEKA MEHSETCS
CYLIECTBEHHO MEHBIIIE U B HAUaJIE ce30Ha (B ampee)
B 3 pa3a mpeBbIIaeT TakoBble y 0coOeH CO CIUPO-
xetamu. Bce nepeuncienHble mapaMeTphl: BCTpe-
4aeMOCTh KJIEIIeH ¢ OOppeNMsIMH U TeMIlepaTypa
OTPHIIATEIIBHO KOPPETUPYIOT € 3260J1EBAEMOCTBIO.
Y cTaHOBIICHO, YTO BEDKMBACMOCTH KIIelIei ¢ 6op-
peNUsAMH B 2 pa3a HUKE, 4eM He3apaXKeHHBIX. DTHM
BBI3BAHO YMEHBIIEHHE YUCIIa CAMOK C MaTOICH-
HbIMH O0ppenusMu B ce30He. OTMEUCHO YMEHbIIIe-
HHE JJOKOMOTOPHOHM aKTUBHOCTH KJIELIEH IO Mepe
pOCTa 3KCTEHCUBHOCTH 3aPaXKECHHUSI IEPEHOCUUKOB
CITHPOXETaMH. ITH QaKTOPBI MOJOKHUTEIBLHO KOP-
PEJIUPYIOT C yMEHbILIEHHEM 3a00JIEBAEMOCTH.
JonyiieHue, 4To SKCTEHCUBHOCTD 3apaXKEHUs
KJIeIe MUCTHBIMH GOopMaMH B TEUCHUE CE30HA
00paTHO TaKOBOMY BCTPEYAEMOCTH MOJIBHIKHBIX
CIHUPOXET, JAJI0 BETHYUHY KOpPENSLUH ¢ 3a00J1€eBa-
€MOCTBIO PaBHYIO €/IMHUIIE. B3pocibie KiIenH, He
YCIICBIIMC HAMMUTATHCS KPOBBIO B TEUCHHUE CE30HA
aKTHBHOCTH, TOTHOAIOT OT MCTOIIEHHS, YCKOPA-
€MOr0 Mapa3sUTHUPOBAHUEM HAKAIIMBAXOLIUXCS
6oppenuid. Y BCEX HAMUTaBIIMXCH 3apa’kKEHHBIX
Kiewed no aaHHsiM Byprinopdepa [Burgdorfer,
1999] npoucxoaut 6ypHOE pa3sMHOXKEHUE CITUPO-
xeT. Hampotus, B 3uMHUII IepHOJ, IO BCel Bepo-
STHOCTH, TPOUCXOAUT YMEHBIICHUE KOJIHYECTBA
CIIUPOXETHBIX (OpPM H HAKOIUIEHHE IUCTHBIX,
BBISIBJICHHE KOTOPBIX BO3MOxkHO MeTogom [IIIP.
Tak, B HayaJie cCe30Ha YHCITO KJIELIEH TOJT0KUTENb-
ueix 1o [P, Ho 6e3 cmupoxer, onpeaensieMbix
METOJI0M TEMHOIIOJIBHOH MUKPOCKOIHH, B 3 pa3a
MIPEBBINIANIO YHCIIO KIEIEH, Y KOTOPBIX 00HApyKH-
BaJIUCh MOJIBUXKHBIE CTUPOXETHI B TEMHOM TIOJIE.
TakuM 06pa3om, mpencTaBusIeTCs BEPOSITHBIM,
YTO YCPEOBaHHE LIMCTHOM U CIIMPOXETHOM PopM
SBJIIETCSI OCHOBOM KU3HEHHOTO LUKJIA OOppeiuid
HE TOJIbKO B apracoBbIX, HO U B UKCOJIOBBIX KJIEILaX.

INTRODUCTION

Most probably itis Ewing [1907] who was the
first to describe a chain of granules which outlined
a complete spirochete, Treponema pallida. Dutton
& Todd [1907] supposed that sporocyst-like bodies
found in the blood without detectable Spirochaeta
(Borrelia) duttoni might actually represent a differ-
ent form of spirochete, from which true spirochetes
could develop. Balfour [1911] found spherical gran-
ules in the liver of spirochete-infected Sudanese
fowl after bird treatment with salvarsan. This au-
thor was apparently the first to suggest that spiro-
chete transformation into granules as being the
microorganism’s defense mechanism, which also
provided the capacity of a disease relapse.

A direct confirmation of the alternation pattern
of an agent’s two life forms seems first to have been
demonstrated by Skavinski who, in 1940, revealed
the development of the lice typhus agent, Spirocha-
eta obermeieri, in the patient’s blood [cf. Shcheu-
lov, 1956]. Skavinski described these stages of
development as follows: (1) a non-fever period —
granular forms 0.2-0.25 p, not motile; (2) their
growth to 1, cocciform and motile in appearance;
(3) 3-4 u. motile amoeba-like bodies; 4) last pre—
fever day — cells with tails and short spirochete-
like cells with 2-3 spirals; (5) appearance of 5-6
short spirochetes from one amoeba-like cell; (6)
normal-sized spirochetes and fever appear togeth-
er, no granules but only spirochetes; (7) on the
second day of fever, new granules (together with
spirochetes) appeared; (8) after the fever’s parox-
ysm — only granular forms again. Then the cycle
might be repeated. Taking all this into account,
Skavinski recommended salvarsan injections ad-
ministered repeatedly every 2-3 months following
a “false” recovery from the disease.

He did not analyze the agent’s life cycle inside
the louse, whereas Balfour suggested that the gran-
ular form of the spirochete might be infective to the
soft tick, the vector of bird spirochetosis. Hindle
[1912] confirmed this by tracing “coccoid bodies”
transformed from Spirochaeta (now Borrelia) gall-
inarum in the Malpighian tubes and ovary cells of
the soft tick genus Argas. This author described a
very probable pattern of spirochete life cycle inside
the softtick body. Spirochetes ingested with host (=
bird) blood either formed coccoid bodies, or got
destroyed. The coccoid bodies remaining from
spirochetes inside the cells were able to survive, to
multiply and thereafter to be retransformed into
typical spirochetes. Surviving in the “invisible”
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form inside the tick cells was the main reason why,
during an active epidemiological survey of tick-
borne relapsing fever in Central Asia and the Cau-
casus, tick infection was only revealed in soft ticks
(Ornithodoros) feeding on susceptible guinea-pigs.
Working at the foci of borreliosis over the territory
of the former Soviet Union, Pavlovsky [1949, 1952]
emphasized that, to offer the right response to the
infection, it was insufficient to detect spiroche-
temia after 5-7 days of incubation. He recommend-
ed, 20 d after tick attachment, to inject some blood
of the attacked animal without detectable spiroche-
temia into the nasal cavity or under the eyelid of a
fresh, “naive” animal, and to check for spiroche-
temia during the next 20 days. This presupposed
that the blood of a healthy animal formerly attacked
by ticks was able to retain “invisible” forms of
Borrelia. Most probably, dormant intracellular “coc-
coid forms” of spirochetes kept the soft ticks Orni-
thodoros papillipes (Birula) infective during sever-
al years of hunger. For example, one of the O.
papillipes females collected in 1931 was able to
transmit spirochetes after 2 years of starvation
(1941-1942, World War 2), with neither food of-
fered nor warming, nor humification of its contain-
er [Pavlovsky & Skrynnik, 1945]. The female orig-
inating from the Dushanbe Region, Tajikistan was
first fed periodically, once a year, and the first time
it transmitted spirochetes to a guinea-pig was in
1933. Soft tick recurrence typhus was very well-
known those days, with periods of fever with abun-
dant spirochetemia followed by periods of remit-
tance. Toward the end of the disease, the patient
developed relatively strong immunity.

The hard tick borreliosis agent enjoys a differ-
ent arthropod host, the tick genus Ixodes, whose
clinic and life cycle are quite dissimilar. Ixodes
ticks are capable of neither standing a too long
starvation period nor repeating blood consumption
during one stage of development. A complete dis-
appearance of the spirochete form inside the active
developmental stages is also atypical. Neverthe-
less, the data accumulated during the past two
decades allow to conclude that Borrelia burgdor-
feribasically displays the same or a very similar life
cycle in both invertebrate and vertebrate hosts as
soft tick borreliosis agents do. Burgdorfer [1999],
the discoverer of B. burgdorferi in its spirochete
form, has demonstrated their “granule shedding” in
ticks and that “the engorgement of infected ticks
results in up to 100% infected ticks”, with visible
borreliae. Exactly the same picture was observed
by Hindle [1912] in Argas ticks some 90 years

earlier. The use of electron microscopy has recently
allowed to locate both cysts and spirochetes of B.
burgdorferi as associated with tick gut epithelium
[Barbour & Hayes, 1986]. All these paramount
similarities invite an analysis of the factors which
might cause the process of alternation.

Unfavorable factors. Low temperatures and
starvation are long known as such factors for tick
survival [Hindle, 1912; Pavlovsky & Skrynnik,
1945]. Similar factors prove valid for spirochete
cultures as well. In 1949, Geltzer described the
appearance of “corn-like” bodies in an old, ex-
hausted culture of a Caucasian Borrelia strain.
These bodies were called by this author “dead
spirochetes”. Nonetheless, in a fresh culture they
“revived”, again becoming live motile spirochetes.
Arough change in pH initiates a very quick (within
minutes) transformation of Borrelia in distilled
water into the cystic form [Brorson & Brorson,
1997]. Alban et al. [2000] have confirmed the old
data of Geltzer [1949] that serum starvation induc-
es B. burgdorferi morphological changes. Gelt-
zer’s [1949] observations have also been confirmed
by Brorson & Brorson [1997]. In their experiments,
a torpor state of the cysts was overcome after the
medium was enriched by serum.

Another unfavorable impact is the use of ben-
zylpenicillin. When affected by this antibiotic, B.
burgdorferi spirochetes form spherical cyst-like
structures [Schaller & Neubert, 1994]. Alban &
Nelson [1999] note that cystic forms are much more
resistant to antibiotics than spirochetes. According
to these authors, the amount of tetracycline needed
to inhibitthe cystsis far greater than thatachievable
in humans.

Unfavorable impacts on Borrelia in vivo have
been described many times. Relapsing soft tick-
borne borreliosis has placed on the stage an immu-
nity action and confirmed that the alternating spiro-
chete and cystic forms might also be due to immu-
nity pressure. Alerer et al. [1996] have shown that
a hyperimmune serum action results in granule
formation at Borrelia centers or their ends. Cystic
forms have been revealed during remittance peri-
ods of Lyme disease not only in the skin [Alerer et
al., 1996] but in brain tissue [MacDonald, 1988]
and human spinal fluid as well [Brorson & Brorson,
1998a]. Such cysts appear at lower protein concen-
trations in the fluid and might be undetectable using
PCR technique but, nonetheless, they are capable
of reconversion when the protein concentrations
are increased. Hulinska et al. [1994] suggest that
cyst-like Borrelia forms may be spores because
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their surface envelope shows a lectin WGA-posi-
tive reaction. Notonly the cover quality of the cysts
but their surface shrinking by up to 75% [Wolf &
Wecke, 1994] reduces the reaction surface for
antibodies.

All above permits to agree with Alban et al.
[2000] in supposing that cyst formation might help
B. burgdorferi in evading the detection and action
of the immune system.

Cyst formation allows the spirochete to also
evade a drug action, e.g. salvarsan [Balfour, 1911]
and various antibiotics [Schaller & Neubert, 1994,
Kersten et al., 1995; Kazragis et al., 1996]. Most of
the cysts retain the capacity to get (re)transformed
into spirochetes. In favorable conditions in vitro,
i.e. in the presence of serum and proteins, Borrelia
appeared from cysts even after a long period of
survival in distilled water [Brorson & Brorson,
1998b, 1999], where they were previously convert-
edinto the cystic form within 1 min atatemperature
of 4°C. Such cysts obtained in distilled water have
recently been shown to become reconverted into
normal motile spirochetes in intraperitoneally in-
oculated mice [Gruntaretal.,2001]. This capability
is retained even after freezing and thawing the
cysts. This latter observation seems of special im-
portance, as the main B. burgdorferi vector in
Russia, the taiga tick Ixodes persulcatus, is well-
known to hibernating at all active stages of devel-
opment at very low temperatures, sometimes below
—-20° C. The northern range limit of L persulcatus
has long been established as being determined by
winter temperatures below —25°C [Shashina, 1981].
Quite possibly the numerous cocci long detected
among dying/starving I. persulcatusticks atthe end
of the season [Balashov et al., 1997] are Borrelia
cysts, or “coccoid bodies” as described by Hindle
[1912].

Favorable conditions. The main favorable
conditions for reconverting the cysts into spiro-
chetes are temperature and blood nutrition. Ac-
cording to Hindle [1912], spirochetes appear from
the “coccoid bodies” after 5 days of keeping the soft
tick at a temperature of 37° C. Pavlovsky & Skryn-
nik [1945] have demonstrated that one Ornithodor-
os papillipes female survived for 13 years (1931-
1944) and, within this time period, it transmitted
Borrelia 5 times when fed on nonimmune guinea-
pigs. A retarded appearance of borreliae in guinea-
pig blood (on 10" to 13™ day) seems sufficient as a
demonstration that mainly cystic (“cocoid”) forms
of borreliae were transmitted. In Ixodes ticks, the
prevalence of darkfield-positive and PCR-positive

specimens does notcoincide, being rather disparate
[Alekseev etal., 2001]. The cystic form infectivity
[Gruntar et al., 2001] actually conforms to the
highly important conclusion [Nordstrand et al.,
2000] that the severe inflammatory reactions of the
patients suffering from Lyme disease are out of all
proportions compared to the low numbers of spiro-
chetes at the lesion sites. At this early state of
infection, no serious immune suppression of spiro-
chetes can be taken into account.

The above suggests that the Borrelia cystic
form facilitates pathogen survival in Ixodes ticks
during the winter, this likely playing important
roles in human infection.

In an attempt to discover possible correlations
between abiotic factors, infected I. persulcatus tick
abundance rates, and Lyme disease morbidity, the
main objective of this study lies in testing the
hypothesis that the cystic form of B. burgdorferi
may be an important factor in the epidemiology of
Lyme borreliosis. For this purpose, data accumu-
lated during the 1996-2000 seasons at a focus of
tick-borne borreliosis have been analyzed.

MATERIAL AND METHODS

Ixodes persulcatus ticks were collected by
flagging at a tick-borne encephalitis and borreliosis
focus in the vicinity of St. Petersburg, Russia from
April to July (the seasons of 1996 to 2000). Such
abiotic factors as air, soil surface and litter temper-
atures were constantly monitored [Alekseev &
Dubinina, 2000]. All ticks collected (total N =
3610) were sorted, placed into tubes with differen-
tiated humidity [Alekseev et al., 1998] and main-
tained at 21+1.0°C. Their locomotor activity was
estimated on inclined “tickdrome”, and an activity
index was calculated according the author’s equa-
tion [Alekseev, 1996; Alekseev et al., 2000]. The
locomotor activity (LA) was tested the first time
24-48 h following the collection. During 1996~
1998, the activity was tested twice and all ticks
were dissected after 30 days of maintenance. This
method permitted to calculate and compare the
mean survival times of noninfected and infected
ticks thatdied earlier. All specimens collected were
dissected and their gut content was investigated
using darkfield microscopy (DF) to detect live
spirochetes (the seasons of 1996 to 2000). All
spirochete-positive specimens were tested using
PCR techniques [Alekseev et al., 2001] to obtain
data concerning their infection by Borrelia burg-
dorferisensulato, Borrelia afzelii, Borrelia garinii
and Borrelia burgdorferi sensu stricto. In 2000, all
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ticks (1257) were studied using PCR regardless of
their spirochete infection (DF-positive) as well as
negative. This allowed to detect Borrelia infection
in ticks without visible live spirochetes. Part of the
ticks got randomly were investigated using the
standard IFA method (the season of 2000) with
polyclonal Borrelia antibodies.

The morbidity of tick-borne borreliosis was
estimated based both on the general number of
patients in St. Petersburg’s hospitals (163, the sea-
sonof 2000) and the epidemiological data concern-
ing the people who suffered from Lyme disease
deriving from the study focus of borreliosis (24, the
seasons of 1996 to 2000).

To estimate the statistical significance of the
data obtained, Student’s t-test and the Pearson
correlation matrix were analyzed using SYSTAT
[Wilkinson, 1990].

RESULTS

The data obtained are summarized in Table 1.
The values were compared with one another to
detect their possible intercorrelations (Table 2).
The dynamics of morbidity as the main subject of

correlation analysis demonstrated two types of
correlation with the other phenomena, i.e. negative
or positive. An increasing temperature which pos-
itively correlated with a rise in the relative number
of spirochetes detected during the season (0.996)
showed a highly negative correlation with morbid-
ity, i.e. -0.994. Spirochete prevalence data provid-
ed the highest possible negative correlation with
the morbidity dynamics, i.e. ~1.000. Evidence ob-
tained using IFA and PCR techniques alsorevealed
negative correlations with the morbidity dynamics,
but lesser than DF-positive. This was not surpris-
ing, as the morbidity by itself depends on the
pathogenic Borrelia abundance in the vector popu-
lation. Nevertheless, an increase in IFA- and PCR-
positive ratios during the season also correlated
negatively with a decrease in Lyme disease-affect-
ed patients. A decrease in LA of the main vectors,
i.e. infected females, during the season (tick age-
ing), and a decrease in the number of such females
correlated positively with the morbidity decrease.
This was not strange either, because calculating the
longevity of naive and spirochete-infected ticks
gave a very interesting and important result: the

Table 1. Lyme disease morbidity dynamics and the phenomena it may be accounted for.
Tabnuua 1. [Junamuka 3a6oneBaeMocTd 6ose3Hb0 JlaliMa u $eHOMEHBI, KOTOPHIE MOTYT SIBJISITHCS €€

IIPUYHHOM.
Convention- . Correlatpn
Phenomenon al svimbols Periods of the season values with
v morbidity
May June July
n data. n data n data
Morbidity in the focus (1996-2000) and the 0 0 0
St. Petersburg Region (2000) MORB 78 41.7% 62 332% 47 251% -
Frequency of occurrence of spirochetes
according to darkfield microscopy (1997 DF 1017 26.7% 727 32.7% 195 38.0% -1.000
-2000)
é%OR(;ﬁ’OS‘“"C results in the entire population oy 468 2999 349 347% T2 347%  -0.873
Eg(ls{'ggsg“7“ie25%sg)hs among DF-positive PCR2 334 60.9% 260 743% 68 67.0% 0467
E‘fg;‘;_r;‘g’(‘)%gy to of the soil surlace, °C T 1465 11.7°C 840 157°C 235 183°C  —0.994
Mean number of females with pathogenic
Borrelia calculated per 10 days (1998 BIF 177 13.0 102 1.3 17 5.7 0.951
—2000)
Mean values of females locomotor activity
calculated per 10 days (1998-2000) LA 114 198 98 191 17 185 1.000
Hypothetical frequency of occurrence of CYST _ 733 - 673 - 620 1.000

cysts (100.0 — DF, %) (1997-2000)
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Fig. 1. Prevalence (%, and trend lines) of uninfected and infected ticks in dependence of temperature (1997). Bbsl-, Sp+ —
prevalence of live spirochaetes detected by darkfield microscopy, PCR confirmation negative.

Puc. 1. Yactota BctpedaemocTy (% M JIMHUA TPEHA) 3apaXKCHHBIX H HE3apAXKEHHBIX KIICIIEH B 3aBUCHMOCTH OT TEMIIEPATYPEI.
Bbsl-, Sp+ — BcTpedyaemMoCTh XKUBBIX CIHPOXeT (110 AaHHBIM TEMHOMOJIBHOH MUKPOCKOIIMH) IPU OTpULATENbHOM oTBeTe TILIP.

60

Bbsl+,Sp- ElBbsl-,Sp+ EBbsl+,Sp+ [

April May June July
Months

Fig. 2. Borrelia prevalence in Ixodes persulcatus population (season 2000) and trend line of PCR Borrelia burgdorferis.l. positive
tick (Bbsl+, Sp-) ratio changes. Bbsl+, Sp- — prevalence of PCR positive ticks, in which live spirochaetes were not detected by
darkfield microscopy; Bbsl-, Sp+ — same as on Fig. 1; Bbsl+, Sp+ — DF and PCR positive specimens.

Puc. 2. BetpedaemocTts 60ppenuit B nonynsuuu Ixodes persulcatus (ce3on 2000 r.) v 1MHUM TpeHAa BCTpeuaeMocTu Borrelia
burgdorferis.l. cpenu Tonbko ITIP nonoxurensHeix kiewei (Bbsl+, Sp-). Bbsl+, Sp- — BcTpeuaeMocTh 3apaXkeHHBIX Kieei
(o nanneiM I1LIP). cpean ocobeit, B KOTOPbIX He ObLIH 0OHAPYKEHBI CITUPOXETH METOOM TEMHOMOIBHOM MHKPOCKOTIHH; Bbsl-
, Sp+— T0 xe, 4to Ha puc. 1; Bbsl-, Sp+ — BcTpeuaeMoCTh KMBBIX CIIMPOXET (IO JAHHBIM TEMHOIOILHOH MHKPOCKOIIHH) TIPH
oTpuuarensHoM orsere [I1IP.

mean lifespan of ticks before dissecting on the 31%  statistically significant (p<0.01). An increased fre-
day was quite different among infected and nonin-  quency of occurrence of differently infected ticks
fected specimens, i.e. 13.7+2.7 (n=6) among the = With a temperature increase (Fig. 1) and during the
former and 22.9+1.5 (n=20) days among the latter ~ season (Fig. 2) correlated with a decrease in the
category. The difference using Student’s t-test was ~ number of active infected vectors (Fig. 3).
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Table 2. Pearson correlation matrix based on the Table 1 data (legend same as in the Table 1).
Tab6nuua 2. KoppensiunonHas matpuua [Iupcona, nony4yeHHas Ha OCHOBE JaHHBIX Tabu. 1 (ycnoBHBIE

0003HaYCHHUS TE€ XK€, UTO ¥ Ha Tabu. 1).

BIF CYST  DF IFA LA MORB PCRI PCR2 T
BIF 1.000
CYST 0944  1.000
DF -0.944  -1.000  1.000
IFA -0.741  -0.479 0479  1.000
LA 0942  1.000 -1.000 -0.471  1.000
MORB 095!  1.000 -1.000 -0.498 1.000  1.000
PCRI  -0.680 -0.883 0.883 0011 -0.887 -0.873  1.000
PCR2  -0.172 -0.486 0486 -0.535 -0.494 -0.467 0839  1.000
T 20913 -0.996 0996 0401 -0.997 -0.994 0920 0560  1.000
(I Cysts ]
EH Morbidity
N Il No of Bbsl + females
T - ] !

Fig. 3. Ratios of Lyme disease morbidity (seasons 1996-2000) hypothetical prevalence of cysts (seasons 1997-2000) and mean
number of Borrelia burgdorferi s.1. positive Ixodes persulcatus females (seasons 1998-2000) with trend lines.

Puc. 3. OtHocHTEnBHOE YHCI0 GonbHBIX Gone3Hpio JlaiiMa B ce3oue (1996-2000 rr.), rHHOTETHYECKasA BCTPEYaEMOCTh KIeIlei
¢ uuctamu Bo3Gyaureneit (1997-2000 rr.) ¥ cpesHee YUCIO 3apaXXeHHBIX MaTOreHHBIMKI OOppeHAMH caMoK Knemei Ixodes

persulcatus (1998-2000 rr.).

DISCUSSION

The occurrence frequency of infected ticks
increasing with a rising temperature (Fig. 1) corre-
sponds very well with Hindle’s [1912] data, i.e. at
high temperatures the “coccoid bodies”, or cysts,
are transformed into motile spirochetes. Their low
abundance at the beginning of the season, after
hibernation, supports Brorson & Brorson [1997,
1998a, b] in that cystic Borrelia forms appear

quicker atlow temperatures. The revealed “granule
shedding” of B. burgdorferi inside the tick gut
cavity is noteworthy in this context [Burgdorfer,
1999]. It is no surprise that both longevity and LA
drop over the second half of the season. The phys-
iological ageing of I. persulcatus and their abun-
dance in nature correlate with each other [Repkina,
1980]. Nevertheless, a 2 times shorter lifespan of
Borrelia-infected ticks must be taken in considera-
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tion. This might mean that motile spirochetes, whose
frequency of occurrence and abundance increase
during the season (Fig. 2), being blood-consumers
just like their host, accelerate the processes of and
Borrelia-infected host ageing and female elimina-
tion. The results analyzed and the comparisons
with published evidence seem sufficient to set forth
the hypothesis that the high morbidity at the begin-
ning of the season is associated with tick infection
by Borrelia cysts, which may be abundant in hiber-
nating I. persulcatus.

Data in Fig. 2 seem to confirm this hypothesis.
The number of ticks with DF-detected spirochetes
was nearly 3 times less than that of PCR-positive
(Bbsl+, Sp-, Fig. 2). At the same time, the quantity
of ticks with the motile form of spirochetes was
nearly the same at the beginning of the season
(April) regardless of the presence or absence of
PCR-positive specimens. This is no surprise as, in
the adverse conditions like low temperature, im-
mune or antibiotic action, Borrelia cysts are only
detectable using PCR.

Numerous patients have been revealed that are
negative serologically, with undetectable Borrelia
in blood or cerebrospinal fluid but still PCR-posi-
tive [Mouritsen et al., 1996; Branigan et al., 1997,
Grignolo et al., 2001]. Some infected mice free
from Borrelia after an antibiotic treatment also
appear PCR-positive [Malawista et al., 1994]. All
these data as well as the highest correlation value
between the hypothetical prevalence of cysts and
the morbidity (1.000, Table 1 & 2, Fig. 3), confirm
the viability of this hypothesis. “Unseen”, micro-
scopically omitted or neglected cysts may infect
man. After the tick’s engorgement on the vertebrate
host the food supply is increased multifold. As a
result, the cysts are transformed into motile borre-
liae [Burgdorfer, 1999].

The above results of five seasons of observa-
tion permit to interpret the data obtained in the
framework of a new hypothesis. The cyst as the
dormant form of a parasite is much safer to their
host. The cyst’s transformation to a motile form
turns them into true, active parasites quite unsafe to
both hosts involved, i.e. the tick and man.

The tick solves this problem either by areplen-
ishment with blood or by the death from starvation.
Tick mortality (Fig. 3) may be enhanced by an
increased spirochete frequency of occurrence to-
ward the end of the season (Fig. 2). The appearance
of cysts [Balashov et al.,, 1997] is not able to
improve the fate of the parasite in a dying inverte-
brate host (Ixodes tick). Nearly all vertebrate hosts

of adult ticks (e.g. deer, hedgehog, hair) are tolerant
to infection while rodents are too short-living. Man,
the “dead-end” for the infection, being less tolerant
and having less capacities to eliminate this parasite,
pays off by chronic Lyme disease, in which both
motile and cystic Borrelia forms alternate due to a
periodically increased immunity or an insufficient
antibiotic action.
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