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Comparison of the sensitivity of primary
isolation of Chiamydia
In irradiated McCoy cells or HeLa 229 cells treated
with diethylaminoethyl-dextran (DEAE-D)

S. DAROUGAR, D. KUNDU, AND B. R. JONES
Institute of Ophthalmology, University of London

The technique of culture in irradiated McCoy cells for the isolation of Chlamydia was de-
veloped by Gordon, Magruder, Quan, and Arm (i963), Magruder, Gordon, Quan, and
Dressler (I963), and Gordon, Dressler, and Quan (I967), and subsequently modified and
simplified by Darougar, Kinnison, andJones (I97 ia), Darougar,Jones, Kinnison, Vaughan-
Jackson, and Dunlop (I972), and Darougar, Cubitt, and Jones (I974). The technique has
been shown to be three to four times more sensitive than the detection of inclusions in
smears and the isolation of agent in yolk-sac (Gordon, Harper, Quan, Treharne, Dwyer,
and Garland, I969; Darougar, Treharne, Dwyer, Kinnison, and Jones, 197Ib). This tech-
nique has been extensively used for the study of chlamydial infection of the eye, genital
tract, and rectum and for the routine isolation of Chlamydia in different laboratories
(Gordon and others, I969; Dunlop, Hare, Darougar, Jones, and Rice, I969; Darougar
and others, I97 ib; Dunlop, Vaughan-Jackson, Darougar, and Jones, 1972; Oriel, Reeves,
Powis, Miller, and Nicol, I972; Richmond, Hilton, and Clarke I972).
The enhancing effect of diethylaminoethyl-dextran (DEAE-D) has been reported for

the culture of viruses in cell-culture (Pagano and Vaheri, I965; Kaplan, Wiktor, Maes,
Campbell, and Koprowski, I965; Vaheri, Sedwick, and Plotkin, I967; Vogt, I967;
Duc-Nguyen, I968), as well as for Chlamydia (Harrison, 1970; Rota and Nichols, I971).
Recent studies by Kuo and Wang (1972) have indicated that culture in HeLa 229 cells
treated with DEAE-D is as sensitive as culture in irradiated McCoy cells for the primary
isolation of Chlamydia from the genital tract.
The purposes of this study were:

(a) To investigate the enhancing effect ofDEAE-D on the primary isolation ofChlamydia in irradiated
McCoy cell-culture.
(b) To compare the sensitivity of culture in irradiated McCoy cells (IMcCoy cells) with that of
culture in HeLa 229 cells (HeLa 229) treated with DEAE-D for the primary isolation of Chlamydia.
(c) To compare the increase in numbers of inclusions during serial passage in the two systems of
cell-culture.
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Methods and material

SOURCE OF SPECIMENS

Clinical specimens used in this study consisted of conjunctival and genital material from patients in
London who were referred to the External Diseases Clinic, Moorfields Eye Hospital, and who were
suffering from sexually-transmitted chlamydial infections of the eye and genital tract. Other specimens
consisted of conjunctival material from persons in Iran suffering from hyperendemic trachoma.

COLLECTION OF SPECIMENS

Specimens were collected by swabbing different areas of the conjunctiva, and were placed in plastic
capsules containing 2SPS transport medium (2SP with additional serum: Darougar and others,
1972). Specimens from the genital tract were collected by swabbing or scraping the urethra of the
male or cervix of the female and placed in plastic capsules containing 2SPS (Dunlop and others,
1972).

All specimens collected in London or Iran were stored in a liquid nitrogen refrigerator for trans-
portation to the laboratory and were stored there in a - 700C. refrigerator until the time of inocula-
tion.

TREATMENT OF SPECIMENS

McCoy cells
Methods used for growth and irradiation of McCoy cells and for preparation of monolayers of these
cells in flat-bottomed tubes ("bijou" bottles, Sterilin Limited, Richmond, Surrey), containing cover-
slips are reported by Darougar and others (197Ia).

HeLa 229 cells
Methods for growth of HeLa 229 cells and the preparation of monolayers in flat-bottomed tubes
containing coverslips are reported by Kuo and Wang (1972).

DEAE-D treatment

Irradiated McCoy cell monolayers were either rinsed twice with I ml. CMGA containing 30 Pg./ml.
DEAE-D or were treated with I ml. of this suspension for 30 min. before inoculation of specimens.
HeLa cell monolayers were rinsed twice with I ml. HBSS containing 30 pg./ml. DEAE-D as

described by Kuo and Wang (1972).

INOCULATION OF CLINICAL SPECIMENS

Aliquots of clinical specimens from patients in London were inoculated in parallel into two tubes of
IMcCoy cells and two tubes of HeLa 229 cells using the simplified one-passage technique of culture
in irradiated McCoy cells (Darougar and others, I97Ia). In the case of Iranian specimens, the
technique of inoculation was modified in that the speed of centrifugation used was at I5,000 G
instead of 2,500 G as in the standard technique (Darougar and others, 1974).

INFECTIVITY ASSAY IN CELL-CULTURE

After incubation for 72 hrs, the inoculated monolayers were fixed with methanol for io min. and
stained with iodine (Gordon and others, I969). The iodine-stained coverslips were examined for
inclusions using a x 40 oil-immersion objective and x IO eye piece, and the number of inclusions in
the whole area of each monolayer was recorded. Monolayers with degenerated cells or defective areas
were excluded from this study.
One of two tubes of IMcCoy cells and one of two tubes of HeLa 229 cells inoculated with aliquots

of each specimen, were stained and examined for the presence of inclusions. If inclusions were found
in the first tube, the cells in the second tube were harvested and stored for further studies. If examina-
tion of the first tube was negative, the second tube was stained with iodine not later than 72 hrs after
inoculation and examined for the presence of inclusions.
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SERIAL PASSAGE

Aliquots of clinical specimens were inoculated ifl parallel into two tubes of IMcCoy cells and two
tubes of HeLa 229 cells treated with DEAE-D (first passage). After 6o hrs of incubation, the mono-
layer of each cell-culture system was fixed and stained with iodine and examined for inclusions. If
inclusions were found in the first tube, the cells in the second tube of each system were harvested no
later than 72 hrs after inoculation by adding a few glass beads and shaking on a "Whirlimixer" for
30 sec. The harvested suspensions were diluted from I 0 - I to I o- 3 after which I ml. of each dilution
was inoculated into each of two tubes for each type of cell monolayer for a second passage.
The subsequent third and fourth passages were carried out in the same manner as the second

passage.
The number of inclusions in each monolayer at each passage was recorded.

Results

Effect of DEAE-D on the sensitivity of culture in irradiated McCoy cells
In a preliminary study, monolayers of IMcCoy cells were treated with different dilutions of
I 0-50 /ig./ml. DEAE-D (M.W. 2 X I O6 Pharmacia, Uppsala, Sweden), in Hanks's balanced
salt solution (HBSS), or in Eagle's complete medium with glutamine and antibiotics
(CMGA, Gordon and others, I969). Using iodine staining to detect inclusions, there was
no significant difference in the sensitivity of cell-cultures treated with different concentra-
tions of DEAE-D whether prepared in HBSS or CMGA, for the primary isolation of
Chlamydia. Using Giemsa's stain, particles ofDEAE-D were seen attached to the surface of
cells which caused difficulties in the detection of inclusions by either dark-field or bright-
field illumination. In this initial study, there was no difference in the activity between
DEAE-D solutions sterilized by autoclaving or by filtration.

Therefore, in further studies, the IMcCoy cell monolayers were either rinsed twice with
I ml. CMGA containing 30 pg./ml. DEAE-D or were treated with I ml. of this solution for
30 min. before the inoculation of specimens.
Of the aliquots of eight clinical specimens inoculated equally into IMcCoy cells either

treated or untreated with DEAE-D, six were positive in each system (Table I). There was

Table I Effect ofDEAE-Dextran on the sensitivity of irradiated
McCoy-cell culturefor the primary isolation of Chlamydia

Serial number No. of inclusions
of specimens

Cells not Cells treated with DEAE-Dextran
treated

Rinsed twice Treatedfor 30 min.

8I67 4 2 2

8334 I I 2
8090 22 20 33

8089 64 I40 174
8125 I72 I95 I30
8I64 112 63 71

8050 0 0 0
8090 0 0 0
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no significant difference between the numbers of inclusions formed in the DEAE-D treated
cells and the untreated cells, nor was there a significant difference in the numbers of in-
clusions formed in the cells rinsed twice with DEAE-D suspension and in the cells which
were treated with DEAE-D for 30 min before inoculation.

Comparison of irradiated McCoy cell culture with HeLa 229 cell culture treated with DEAE-D
Of a total of iI I clinical specimens, 64 were positive in IMcCoy cells and 57 were positive
in HeLa 229 cells (Table II). Although the difference in the positivity of the two systems of
cell-culture did not reach statistical significance, the mean number of inclusions formed in
IMcCoy cells was seven times higher than the number of inclusions formed in the HeLa
229 cells (Table III). The inclusions formed in IMcCoy cells were two or three times larger
than those formed in the HeLa cells: there being many more elementary bodies in in-
clusions stained with Giemsa in IMcCoy cells than those formed in HeLa 229 cells.

Table II Comparison of sensitivity, for primary isolation of Chlamydia, of
irradiated McCoy-cell cultures and ofDEAE-D treated HeLa 229 cell cultures

Source of specimens No. of specimens No. of isolations

McCoy cells HeLa 229 treated
with DEAE

Conjunctiva (London) 30 30 28
Genitalia (London) I8 i8 I7
Conjunctiva (Iran) 63 i6 I2

Total III 64 57

Table III Ratio of inclusions obtained by inoculation of clinical specimens
onto irradiated McCoy cells and HeLa 229 cells treated with DEAE-Dextran

Source of specimens No. of specimens Mean ratio of inclusions

McCoy cells: HeLa 229 cells

Conjunctiva (London) 30 8: I
Genitalia (London) I8 9: I
Conjunctiva (Iran) 63 5 I

Total III 7 : I

It was noteworthy that, for those clinical specimens that gave rise to many inclusions in
the first passage, there was no difference in the rate of isolation between the two systems of
cell-culture, but in the case of fifteen specimens which were positive in the IMcCoy cells
with only a few inclusions, only eight were positive in HeLa 229 cells.

Serial passage
The result of serial passage of seven chlamydial isolates obtained in McCoy cells has shown
that Chlamydia can be propagated continuously in this system of cell-culture (Table IV).
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The number of inclusions obtained in IMcCoy cells after each passage was increased by
1o2 to Io3. Of the seven chlamydial isolates which were obtained in HeLa 229 cells and
passaged into the same cell-culture system, five were positive in the second passage, only
one was positive in the third passage, and none in the fourth passage (Table IV).

Table IV Results of serial passage of different chlamydial isolates obtained and passed in
either irradiated McCoy cell-culture or HeLa 229 cells treated with DEAE-Dextran

No. ofpositive cultures

Dilutions of Passage I Passage 2 Passage 3 Passage 4
inoculum

McCoy HeLa McCoy HeLa McCoy HeLa McCoy HeLa

I0O 7 7
io_i 7 5 7 I 7 0

_o-2 7 4 7 I 7 °

IO-3 7 3 7 0 7 0

The number of inclusions in the positive HeLa cell-cultures increased slightly (approxi-
mately 5 times) in the second passage; thereafter they declined. It was noted that those
harvests from infected HeLa 229 cells that contained less than ten inclusions per ml failed
to produce a positive culture in subsequent passage. In contrast, a fraction of an inclusion
per ml. was sufficient to maintain serial passage in IMcCoy cells.

Discussion
The improved technique of culture in irradiated McCoy cells (Darougar and others, 1972,
I974) has provided a high level of sensitivity for the isolation ofChlamydia, approximating to
8o per cent. isolations for material from the infected eye, go per cent. for the genital material
from women suffering from TRIC infection of the eye, and 70 per cent. for such material
from mothers of babies with TRIC ophthalmia neonatorum (Darougar and others, I972).
The simplicity, speed, and sensitivity of this technique has made it the method of choice for
routine diagnostic isolation services for chlamydial infections, for epidemiological studies,
and for the microbiological assessment of the results of treatment of trachoma in hyper-
endemic areas.
Treatment of irradiated McCoy cells with DEAE-D in this study failed further to in-

crease the sensitivity of cell-culture for the primary isolation of Chlamydia from specimens
centrifuged onto the monolayers. The mechanism of action of DEAE-D is not well under-
stood, but it has been suggested that this poly-cation works on the interaction between cells
and infective agents in the early stages of penetration of the cell. The particles of DEAE-D
may attach to the surface of cells, leaving electro-positive charges available for combination
with electro-negative particles, thus facilitating the uptake of agent by cells (Harrison,
1970; Rota and Nichols, 1971).
In this study the iodine-staining technique was used for the detection of inclusions in

irradiated McCoy cells and HeLa 229 cells treated with DEAE-D. Using a Giemsa stain,
particles of DEAE-D attached to the surface of cells caused difficulties in the detection of
inclusions using dark-field or bright-field illumination. The fluorescent antibody staining
technique, which provides easier and more rapid reading of the monolayers in comparison
to the Giemsa stain (Kuo and Wang, 1972), was not used in this study.
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Studies by Darougar and others (I 974) have shown that the use of the higher tempera-
ture of 35sC. during the period of centrifugation and a higher force of centrifugation up
to I 5,ooo G will significantly increase the rate of isolation ofChlamydia in irradiated McCoy
cells. Therefore, in this study, the higher temperature of 35sC. during the period of centri-
fugation and the force of 2,500 G or 15,000 G were used in place of the 20°C. and goo G
used by Kuo and Wang (1972) for the inoculation of HeLa cells.
From i i specimens inoculated, the overall rate of isolation in McCoy cells was slightly

higher (65) than that in HeLa 229 cells (57). However, in the case of specimens containing
few infective particles, the sensitivity of McCoy cells was almost twice that of HeLa 229
cells. Therefore, in instances of mild or late stages of chlamydial disease of the eye (especi-
ally in hyperendemic trachoma) or in genital material in which only small quantities of
viable Chlamydia are to be found, it can be expected that cultivation in DEAE-D treated
HeLa 229 cells would give significantly fewer positives than the present method of cultiva-
tion in irradiated McCoy cells.
The successful serial passage of Chlamydia in irradiated McCoy cell-culture in this study

was consistent with previous observations (Darougar and others, I97I). Failure of serial
passage in HeLa 229 cells treated with DEAE-D was in keeping with the fact that the
inclusions that developed in this system after primary inoculation were smaller and con-
tained fewer of the mature elementary bodies that are necessary for the successful passage of
this agent.

Thus, the technique of culture in HeLa 229 cells treated with DEAE-D is not as sensitive
as the technique of culture in irradiated McCoy cells, particularly in the case of specimens
with a lower number of infective particles, nor is it as suitable for serial cultivation of
Chlamydia. It does, however, provide a reasonably sensitive and practical alternative to the
irradiated McCoy cell-culture for the primary detection of Chlamydia in laboratories where
facilities for the irradiation of cells are not available.

Summary

The treatment of irradiated McCoy cells with diethylaminoethyl-dextran (DEAE-D)
failed to increase the sensitivity of this cell-culture system for the primary isolation of
Chlamydia.

Comparison of the sensitivity of the technique of culture in irradiated McCoy cells with
culture in HeLa 229 cells treated with DEAE-D for the primary isolation ofChlamydia from
conjunctival and genital material has shown that the irradiated McCoy cell-culture was
slightly more sensitive than the HeLa 229 cells. In the case ofspecimens with lower numbers
of infective particles, the McCoy cells were significantly more sensitive. The mean number
of inclusions developed in the irradiated McCoy cell-culture was, on average, seven times
higher than the mean number of inclusions found in the HeLa 229 cells treated with
DEAE-D. Furthermore, the inclusions were larger and contained more elementary bodies.

Serial passage of Chlamydia in irradiated McCoy cell-culture was successfully continued
with an increase in the number of inclusions of between io2 to Io3 in each passage. The
HeLa cells treated with DEAE-D failed to support the propagation of Chlamydia in serial
passage.
Although the technique of culture in HeLa 229 cells treated with DEAE-D is not as

sensitive as that of irradiated McCoy cells, it provides a reasonably sensitive and practical
alternative for the primary isolation of Chlamydia in laboratories where facilities for the
irradiation of cells are not available.
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