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Morphometric Analysis of McCoy Cells Inoculated with
Cerebrospinal Fluid from Patients with Rabies

Yeda L Nogueira
Servico de Virologia, Instituto Adolfo Lutz, Av. Doutor Arnaldo 355, 01246-902 Sé&o Paulo, SP, Brasil

To demonstrate the potential of McCoy cells for the isolation of rabies virus from the cerebrospinal
(CSF) fluid of a patient with a diagnosis of rabies, McCoy cells were inoculated with CSF from a patient
with a clinical diagnosis of rabies and investigated in terms of morphometric aspect using the JAVA
analysis system for the quantification of the increased size of infected cells compared to noninfected
cells. The cells were also examined in terms of specific staining for the diagnosis of rabies by the methoc
of Sellers for the observation of intracytoplasmic inclusions and by specific immunofluorescence stain-
ing for rabies virus.

Infected cells showed changes in cell permeability and morphologic modifications which differed
significantly compared to normal cells (P<0.001) when analyzed by the Mann-Whitney and Kruskal-
Wallis tests. Intense activity of the endoplasmic reticulum was also observed, as indicated by the pres-
ence of intracytoplasmic inclusions visualized by specific staining.

The present study demonstrated the isolation of rabies virus from the CSF of a patient with rabies,
showing that McCoy cells can be used for the laboratory diagnosis of patients suspected to have rabies.
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Rabies is a disease that attacks the central neatory tests, impossible when the patient is alive.
vous system (CNS) with 100% of lethality and isThe use of cerebrospinal fluid (CSF) for the isola-
transmitted to humans by contagion with domedion of rabies virus is not common and is not al-
tic animals such as dogs and cats, and also witays easy since the concentration of virus is higher
wild animals such as foxes, wild dogs, coatis, oposa the cerebellum, hippocampus, thalamus, and
sum and bats within other mammalians. Bats refwpothalamus and lower in the cerebral cortex
resent the major source of infection in humans an@edaku et al. 1982). However, a high sensitivity
are currently considered to be the most importaf McCoy cells to rabies virus has been observed
source of rabies transmission in the United Statés several studies (Nogueira 1987, 1992a, b). The
(CDC 19954, b) and it is the second most impoiinvestigator also observed the process of viral rep-
tant in Brazil (Uieda 1993). lication in these cells, which increased in size until

In Brazil, the clinical and laboratory diagnosisthey practically burst and released the virus into
of rabies in humans may be undernotified, howthe extracellular medium. Furthermore, in each
ever, according to the National Health Foundatioserial passage of the virus through McCoy cells
(Ministry of Health 1996), 47 cases of human rathe viral titer increased geometrically.
bies were notified. Due to the neurologic signs and In view of the reports cited before, the present
symptoms presented by patients with rabies, thiavestigation was undertaken to study the morpho-
disease is not always identified immediately sinceetric alterations of infected and noninfected cells
many tropical diseases of unknown origin exist iy image analysis using the JAVA system in order
our country and the signs of encephalitis may bt identify the relationship between increased cell
confused with those of other encephalitis of diverssize and reproductive capacity of viral particles for
viral origin which present disorders of neurologichuman diagnostic purposes.
metabolism. o MATERIALS AND METHODS

The diagnosis of human rabies is almost always
clinical and confirmegost mortemdue to the need  Cell culture -The McCoy cells used were ob-

to use a fragment of brain tissue to perform labdained from the Cell Culture Section of the Adolfo
Lutz Institute. The cell is catalogued in the Ameri-

can Type Culture Collection CRL 1696 (ATCC
Fax: +55-11-853-3505. E-mail: ynogueir@usp.br ~ 1995). o .
Received 18 December 1997 Isolation of rabies virus ESF from a patient
Accepted 22 May 1998 admitted to the Emilio Ribas Hospital in 1994
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whosecausa mortiswas identified as rabies was TABLE
used. The virus was isolated in McCoy cells aceell number, maximum and minimum, quartiles (25%,
cording to described methods (Nogueira 1992a,b). 75%) and median according to cell type

CSF (0.5 ml) was inoculated on a plate containingy, type n Min. 25% Median 75% Max.
2 to 3 ml of a confluent monolayer of McCoy cells:
The morpho'ogic Changes of the Ce”s were OaneCted 159 0.916 2.197 3.432 5.377 19.218
served until the occurrence of the cytopathic efNot infected 151 0.236 0.508 0.621 0.779 2.653
fect.

Identification of the isolated virusThe virus

was identified after the second serial passaqﬁe p <0.05 level. The difference between the two

through McCoy cells by specific direct immunof- ofiles was then determined by the Mann-Whitney

luorescence using an anti-nucleocapsid antibo : L
manufactured by the Pasteur-Merieux Institute an d Kruskal-Wallis tests and showed a significantly

anti-rabies virus total protein antibodies (anti—chaI[nore elevated pattern (p<0.001) for the measure-

lenge virus standard - CVS), both labeled with fluoMments of the area of infected cells compa(ed to
8n|nfected cells. Table also shows the maximum

rescein isothiocyanate. The results were observé‘nd minimum cell size values for the two popula
under an inverted IM-35 Zeiss microscope withf; : pop
ions. It can be seen that the maximum values of

epifluorescent illumination. infected cells were about 20 times the minimum

Observation of morphologic changedor- : . :
phologic changes were observed by staining agglue, in contrast to noninfected cells, whose maxi-
um values were 11 times the minimum value.

cording to the method of Sellers, which permitte ; :
ven so, the maximum value of noninfected cells

the visualization of intracytoplasmic inclusions ; ! ! ;
similar to Negri corpuscles)(/Nepgri -Luzzani 1905)Was in the interval between the first quartile (25%)

The images of these cells were analyzed with %nd the median compared to infected cells, i.e.,

videocamera coupled to the inverted IM-35 micrope'OW the median.

scope and the results were stored in the data bank Fig. 1 illustrates the distribution of the values

of the JAVA System video analysis software veriof the areas separated into ranges, with most in-
sion 2.1 (Jandel Scientific, CA, USA). The Soft_fected cells being concentrated in the 2.1-3.68 pm

ware permitted the measurement and calculatid"9¢: while the modal value of the noninfected

of cell area (urd). gﬁlcl)s r\:\;as in the 0.01-1.0 #mmange (figure not

S_tatistical analysis The areas of i_nfected and ;.V '2 shows the morphometric changes and
nonmfected (;ells were analyzed W't-h the JAV% dﬁ‘ferences in size betF\)/veen infected e?nd non-
image analysis system and the resulting data bal lf

was downloaded into the EXCEL 8.0 and EPI ected cells, which are clearly visible. Fig. 2A
INFO 6.02 programs ' also shows the changes in cell permeability and

the intracytoplasmic inclusions similar to Negri
rpuscles, a typical formation in cerebral tissue

n: cell number

The Kolmogorov-Smirnov test (Siegel 1956)
was applied to determine whether the values f&°
the areas of infected and noninfected cells followed

a normal distribution pattern, with the level of sig- 49 - 00,0-1,0
nificance set at p<0.05. Since the distributions ob m11-20
tained were not normal, the use of parametric test 35 | 02.1-3.0
for comparison of infected and noninfected types T
was excluded. Thus, the Mann-Whitney and 30 - m31-40
Kruskal-Wallis tests (Siegel 1956) were used for m4,1-50
statistical analysis of the distribution profiles, with 25 - E5,1-6,0
the level of significance set at p<0.001. It should m6,1-7,0
be pointed out that the two tests are evaluated in 20 1 m7.1-80
satisfactory manner by the specialized literature T
with no loss of quality in the differential analysis 5 E81-90
of the profiles delineated. 0 m9,1-10,0
RESULTS m101-110
Table summarizes the variation in cell size ° |1 1420
according to the percentiles obtained for each se 8121130
of cells (infected and noninfected). The °° Emidle+

Kolmogorov-Smirnov test showed that the distri- area
bution of the two sets did not fit a normal curve at Fig. 1: cell distribution according to area (um?).
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Fig. 2: (A) morphological alteration of McCoy cell line inoculated with cerebrospinal fluid from the patient with a diagnosis of
rabies (120 hr pos-inoculation) showing intracytoplasmatic inclusions and the cell membrane permeability with intensé activity
the endoplasmatic reticulum; (B) McCoy cell control both staining with Sellers (optic microscopy, original magnification 200 X
IM 35 Zeiss microscope.
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infected with rabies virus, denoting intense activiatter breaks, demonstrating the replication of ra-
ity of the endoplasmic reticulum. bies virus in McCoy cells.

Fig. 3A anq B shows 'ghe mmunof!uorescenc_e DISCUSSION
reaction specific for rabies virus using an anti-
nucleocapsid antibody conjugated with fluorescein - The replication of animal viruses in mamma-
isothiocyanate. Fig. 4 also shows a rabies virudan cells provokes profound changes in cell mor-
specific immunofluorescence reaction using afthology which will result in cell lysis (Carrasco
anti-CVS conjugate. The reaction shows some ifk987, Paez & Esteban 1987, Ugli et al. 1987,
fected cells soon after the rupture of the cell menf>arrasco et al. 1989). The mechanisms involved
brane (cell lysis) when viral particles are released this process of cell lysis are still unknown. We
Cells with fluorescent viral particles can also b&now that the change in cell membrane permeabil-
observed adhering to the cell membrane before tif occurring during viral replication (poliomyeli-

Fig. 3:(A) immunofluorescence reaction specific for rabies virus using a anti-nucleocapside antibody conjugate in McCoy cell
inoculated with cerebrospinal fluid from the patient; (B) the same microscope field co-iluminated with epifluorescent@eckincan
light (original magnification 200X), Inverted Microscope IM-35 -Zeiss.
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Fig. 4:immunofluorescence reaction with anti-CVS (Challenge Virus Standard) conjugate showing the cellular rupture (cell lyses)
of McCoy cell (inoculated with cerebrospinal fluid from the patient) and the virus-release to extracellular compartroentéepifit
microscopy, original magnification 200X), IM-35 Zeiss microscope.

tis, Semliki Forest and influenza viruses) is relatedre synthesized (Carrasco 1987, Carrasco et al.
to these mechanisms, which are attributed to dif:989).
ferent factors such as the action of viral proteins However, we do not know the exact mecha-
that bind to the membrane distorting the lipopronism involved in the increase in cell permeability
tein layer, the increase in phospholipase activitwith the formation of “giant cells” and its relation
or the increase in G4 ion entry into the cells to the intense synthesis of viral proteins. This in-
(fruzun et al. 1993, 1995). According to these inerease in the synthesis of rabies virus proteins with
vestigators, the free €aconcentration in the cell a geometric increase in virus titers during replica-
may participate in the induction of the cytopathidion in McCoy cells permits an easy isolation of
effect and in the morphogenesis of the viral parabies virus from biological materials and fluids,
ticle in cytomegalovirus infection. including those containing a low viral load such as
The observation of the cytopathic effect in rathe CSF.
bies virus infection in mammalian cell culture is  On the basis of the present study, it is possible
not common. Rabies virus is considered to cauge perform laboratory diagnosis of rabies by in-
persistent or chronic infection without causing celbculating the CSF of patients suspected to have
lysis (Wiktor & Clark 1972, Villareal & Holland the disease into McCoy cells, thus permitting a di-
1976, Montagnon et al. 1985). However, previagnosis in living patients.
ous reports (Nogueira 1992a, b) have_ demonstrated ACKNOWLEDGEMENTS
the presence of a constant cytopathic effect when
rabies virus is inoculated into McCoy cells. o Tg Dr ,?_f_Flamn'gand (():?ntre_l\!ationaltﬂe la ReChth-
The present results show statistically signifi"€ =clentiique, France) for: giving me the conjugates.
cant differences in the morphometry of infected® P S'ED Gcc’jtll'qeﬁ’ angitththLIZt,Atnttgncais fo;ghg helpgu'\l/l
and noninfected cells (p<0.001 by the Manns o ments and help with the statistical metnods anc M

Whitney and Kruskal-Wallis test). Another differ- 'SA}SL\?\,';?E;;ELPTO for giving access to the image analy
ence observed was the activity of the endoplasmic

reticulum, the structure in which the polypeptides REFERENCES
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and that will be transported to the cell membrane logue of Cells Lines & Hybridoms, 5tted.,



514 McCoy Cells and Human Rabies * Yeda L Nogueira

Rockville, Md, 162 pp. Merieux, H Koprowiski, K Bogel (edsRabies in
Carrascd. 1987. Animal virus induced cytotoxity: an the Tropics Springer Verlag, Berlin.
overview, p.1-3. In L Carrasc®ecanism of Viral Negri-Luzzani L 1905. Zur diagnose der toolwuth.
Toxicity in Animal CellsCRC Pres, Boca Raton, Fl. Zentralblt Hyg Infektionskr 4805-324.
Carrasco L, Otero MJ, Castrillo JL 1989. ModificationNogueira YL 1987. Replication and purification of ra-
of membrane permeability by virus infection.  bies virus in McCoy cell line, p. 32Zth Interna-

PharmacoTher 23 109-145. tional Congress of Virology, Edmonton, Canada.
CDC-Centers for Disease Control and Prevention. HINogueira YL 1992a. Rabies virus in McCoy cell line,
man Rabies - Washington 19958VIWR Morb Mor- part | - Cytopathic effect and replicatioRev Inst

tal Wkly Rep 44625-627. Adolpho Lutz1: 9-16.

CDC-Centers for Disease Control and PreventioNogueira YL 1992b. Rabies virus in McCoy cell line,
Human Rabies - California 1995MMWR Morb part Il - Titration.Rev Inst Adolpho Lutz 17-21.
Mortal Wkly Rep 45353-356. Paez E, Esteban M 1987. Inhibition of host protein syn-

Fedaku M, Chandler FW, Harrison AK 1982. Pathogen- thesis by DNA viruses. p. 59-89. In L Carrasco,
esis of rabies in dogs inoculated with an Ethiopian Mechanisms of Viral Toxicity in Animal CelSRC
rabies virus strain. Immuno-fluorescence histologic  Press, Boca Raton, FI.
and ultraestrutural studies of central nervous sysSiegel S 195@Nonparametrics Statisitcs for the Behav-
tem.Arch Virol 71 109-118. ioral SciencesMcGraw, Hill Book Company Inc.,

Iruzun A, Arroyo J, Alvarez A, Carrasco L 1995. En-  Tokyo, 193 pp.
hanced intracellular calcium concentration durindJieda W 1993. O virus da raiva nos morcegos e sua
poliovirus infection. J Gen Virol 695142-5146. transmisséo ao homem no Bradilologica: 243-246.

Iruzun A, Pérez L, Carrasco L 1993. Enhancement dflug ET, Garry RF, Bose HR 1987. Cell killing by en-
phospholipase activity during poliovirus infection.  veloped RNA viruses, p. 92-113. In L Carrasco,
J Gen Virol 741063-1071. Mechanism of Viral Toxicity in Animal CellERC

Ministério da Saude - Fundagdo Nacional de Saude 1996. Press, Boca Raton, Fl.

Boletim Epidemioldgico. Situacdo EpidemioldgicaVillarreal LP, Holland JJ 1976. RNA syntesis in BHK-
da Raiva no Brasil [on line] site:http://www.datasus. 21 cell persistenly infected with vesicular stomatites

Montagnon BJ, Fonier P, Vincent-Falquet 1985. Un virus and rabies virug. Gen Virol 33213-224.
noveau vaccin antirabique a I'usage humain: rapaviktor TJ, Clark HF 1972. Chronic rabies virus infection
port préliminaire, p.138-143n K Kuwert, C of cell culture.Infect Immur6: 988-995.



