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Culture

A virus in appearance resembling the virus of trachoma
was successfully established in yolk-sac culture from each
wab taken after infection and before the institution of

treatment. Profuse growths occurred in the primary cultures,
uggesting that the virus had retained its egg-adapted proper

ties in spite of its one intervening human passage.
After treatment, particles resembling the elementary

bodies of trachoma virus were detected in the sme.ars taken
on the 3rd day, but were not detected in the smears taken
on the 11th day after the beginning of treatment.

'0 virus particles were detected in the smears made
from the yolk sacs of the eggs inoculated with the suspension
prepared from the swabs taken on the 5th day after be
ginning treatment.

one were detected in the smears made from the yolk
sacs of the eggs in the 5 subsequent passages.

The results of the laboratory studies are summarized In

Table ll.

TABLE U. LABORATORY STUDIES AFTER INFECTIO

Smears Culture in
Day after embryonated

Date infec.rion Virus Cytoplasmic eggs
particles inclusions

29.7.59 0
1.8.59 3 + +
5.8.59 7 + +
7.8.59 9 ..,.

14.8.59 16 + ..,.
21.8.59 ?' ..,. ..,. +_J

28.8.59 30 + + +
30..59 .. Treatment

Day after
lrealmel1l

2.9.59 3 + + 0
4.9.59 5 0 0

11.9.59 12

Re-infection
The volunteer remained well until 6 months later, when

the same eye was infected again by rubbing a swab dipped
in a suspension of virus .prepared from infected yolk-sac
membranes onto the tarsal conjunctiva. Three days later
he developed acute conjunctivitis similar to that seen in
the primary infection. After taking smears and swabs to

confirm the diagnosis of trachoma-viru infection treat
ment was pr cribed a before. The respon e was again
prompt and ati factory.

It was ignificant that the primary infection had not
conferred immunity of ufficient degree to pre ent re-infe 
tion of the same eye. As the infection i a urface infection
of a ti ue not directly expo ed to the action of erum anti
bodies, thi lack of immunity i perhap not urpri ing,
but it does uggest the pos ibility that vaccines again t
this disea e may have little or no alue. However their
alue can only be determined by clinical trial.

S iMARY

A volunteer, an adult man 45 years old, ~ ho had not pre
viou ly suffered from a sub-acute or chronic eye infection
was inoculated in the left eye by rubbing it with a cotton-wool
wab oaked in yolk-sac u pension of trachoma iru.

This virus had been isolated from a clinical case of trachoma
seen at the Jane Furse Hospital in Sekukuniland in the

orth Eastern Transvaal.
The volunteer developed acute conjunctivitis 3 day after

inoculation. His condition showed no improvement but
continued to evol e until the 31st day, when treatment
was commenced. Respon e to treatment was rapid and
atisfactorj.
In laboratory tudies, the iru particles were ob erved

in each of the mears taken at weekly intervals from the
3rd to the 31st day. The virus was al 0 established readily
in egg cultures from swabs taken at the ame time. Typical
cytoplasmic inclusion bodie were not een until the 16th
day after inoculation, but were defected on each subsequent
occasion until treatment. Virus particles were een on the
3rd day after treatment but were not detected thereafter.
Cultures gave negative results on the 5th day and ub e
quently. The volunteer remained well for 6 months, when
he was re-infected in the same manner, again developed
acute conjunctivitis after an incubation period of 3 day.
This attack also responded promptly to treatment.
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LABORATORY STUDIES Of EYE INFECTIONS IN SOUTH AFRICA WITH
SPECIAL REFERENCE TO THE VIRUS OF TRACHOMA*

ELINOR WmTNEY and JAMES GEAR, Poliomyelitis Research Foundation, Johannesburg

It is clear from surveys carried out by MurraY,l Amies,
Murray, Scott and Warren,2 and Amies, Loewenthal, Murray
and Scott,3 and from the surveys organised by the South
African ational Council for the Blind, that eye diseases are
extremely prevalent in tbe population of some.regions in South
Africa. Their incidence is an outstanding challenge to
preventive medicine, which was accepted with good results. A
challenge was also posed to laboratory workers.

LABORATORY STUDIES IN SOUTH AFRICA

For the last decade, studies into the aetiology of eye diseases
so prevalent in South Africa have been carried out at the

outh African In titute for Medical Research. In one of the

* Paper pre ented at the 42nd South African Medical Congr
(M.A.SA.), Ea t London, c.P., September - October 1959.

first of these, Dr. C. R. Amies, working in collaboration
with Dr. eil Murray, Dr. Graham Scott and Dr. R. Warren,
demonstrated that a.proportion of the ca es examined showed
the inclusions similar to tho_e of trachoma. Of 109 case ,
23 %showed these inclusions. In addition it wat> noted that
bacterial infections were frequent. These included Koch
Weeks bacilli and other bacteria resembling H. influenzae,
which were detected in 75 % of the ca es examined. These
findings thus confirmed that ome at least of the cases which
on clinical grounds had been diagnosed as trachoma were in
fact examples of this di ea e, and al 0 emphasized the
importance of bacterial infections in the condition. It
remained and remains uncertain whether the bacterial in
fection render the conjunctival epithelium more usceptible
to the virus of trachoma or whether they occur as secondary
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invaders in an eye already damaged by this virus. Only
further detailed study is needed to determine the relative
roles of virus and bacteria and al 0 to determine the im
portance of other factor. To gain more knowledge of the
virus, it was essential that it hould be cultured in the labora
tory. Only when this had been done would it be po sible to
determine its physical, chemical and immunological
characteri tics, and only then could a y tematic study of its
respon e io drugs and antibiotics be undertaken.

In 1955, after discussion with Dr. Graham Scott, it was
decided that an attempt should be made to culture the virus
of trachoma in tissue culture. Facilities for the application
of the most modern methods were available at the newly
established laboratories of the Poliomyeliti Research
Foundation.

Arrangements were made for the collection of suitable
specimens in the Potgietersrust district, and in the region
of the Jane Furse Hospital in Sekukuniland. In addition, an
infant with clinical evidence of early disease was brought
to Johannesburg, so that material could be collected from
the patient in the laboratory. Suspensions were prepared
from these materials and inoculated into a variety of tissue
culture and into chick embryos. Several passages were made
from each culture, but in no instance was there evidence of
the growth of the virus. However, examination of the films
taken from the patients chosen for culture had failed to
reveal the typical inclusions. Conjunctival snips were then
taken by Dr. Neil Murray from typical cases and immediately
placed in tissue-culture fluid for an attempt to grow out the
conjunctival cells and with it the virus. This experiment also
gave negative results. .

A large number of films collected by ophthalmologists in
various parts of the Transvaal and in South West Africa
after suitable staining were examined in the laboratory. In
a small percentage only were inclusions resembling those of
trachoma seen. A large proportion showed bacteria similar
to Koch-Weeks bacilli. It seemed wise to concentrate the
attempts to culture the virus on patients in whom virus in
clusions had been detected.

Material and Methods

Four one-day expeditions in all were undertaken in an
attempt to isolate trachoma virus from early clinical cases
of untreated trachoma:

Expedition 1
Expedition II
Expedition III
Expedition IV

Jane Furse Hospital
Skilpadfontein
Jane Furse Hospital
Orlando

29 9 58
17 11 58
11 3 59
5 5 59

specimens were rapidly thawed a day or 0 after return and
inoculated into yolk sac of 7-day eggs as described. All
infected eggs were candied daily for 9 days. Those dying in
the first 3 days were discarded after bacterial cultures from the
yolk ac had been made on blood agar and nutrient broth.
Yolk acs were harvested aseptically from eggs dying on the
4th day orlater, or still alive on the 9th day. Suspensions were
prepared by grinding the tissue to a smooth paste and adding
I· 5 ml. of nutrient broth per yolk sac. The suspension was
clarified by centrifuging at 1,500 - 1,800 r.p.m. for 5 minutes.
The supernatant fluid was removed. A portion was stored
frozen at -20°C, and a portion to which 5,000 pg of strepto
mycin had been added was used to inoculate another group
of 7-day-old eggs. From each specimen 4-5 blind passages
were made before it was considered to be negative for
trachoma.

Impression films as well were prepared from each harvested
yolk sac. After the excess yolk was rinsed in normal saline
from the tissue, this tissue was dried 6n filter paper and then
used for impression smears. The slides were heat-fixed and
were stained according to Macchiavello's method. Elementary
bodies stained as fine red granules.

The original conjunctival smears were numbered on
return to the laboratory. One slide was stained overnight
at a temperature of 35°C in a 1 : 40 dilution of Giernsa
stain prepared with buffered water of pH 7·2. The other
slide, unfixed, was stained with Lugol's solution (5 % iodine
in 10% aqueous potassium iodide).4 The inclusions stain a
deep orange-brown colour. The iodine-stained slides after
examination were re-stained with Giernsa when the oil had
been removed with xylol and iodine decolorized with methyl
alcohol. On the iodine-stained slide the inclusion body was
noted, and the same cell was then studied when re-stained
with Giemsa.

Storage virus. Suspensions, 20% by weight, were prepared
from these yolk sacs that showed elementary bodies on
passage. The yolk sacs were ground to a smooth paste and
nutrient broth containing no streptomycin was added. The
suspension was clarified as described for passage of virus.
The supernatant fluid was removed and dispensed in I-m!.
amounts into ujophile tubes. Some of these were immediately
sealed in a flame and then frozen in dry ice and alcohol,
after which they were stored in a CO2 box. The remaining
tubes were shell-frozen in dry ice and alcohol and dried under
vacuum for 5 hours, at which time nitrogen was introduced
in the system and the vials sealed and then stored at a tempera
ture of -20°C.

Conjunctival smears and cultures for virus studies were
collected. For the procedure the eyelid was everted. A
CDUon swab was rolled over the surface and this was im
mediately immersed in one rnl. of broth containing 2,000
5,000 pg. of streptomycin, after which the excess broth was
pressed out of the swab and the swab was then used to
inoculate it chocolate agar lant and a tube of nutrient broth.
The virus broth cultures were immediately frozen in dry ice
(C02), Certain cultures, however, were inoculated in the
field into yolk sacs of 7-day-old embryonated hens' eggs. The
inoculum per egg was 0·25 m!. The eggs after sealing with
scotch tape were placed in a specially insulated wooden box
and transported to the laboratory, when the same evening
they were incubated at a temperature of 35°C. The frozen

Results

The attempt to culture virus from a material collected on the
first two expeditions were negative. However: in March,
Dr. Graham Scolt collected slides from likely cases in the
neighbourh~od of the Jane Furse Hospital, to which several
of them were admitted. Typical virus inclusion-bodies were
detected in the smears of one of these cases. An intensive
effort was then made to culture the virus from this case, as
well as 5 others. Smears made from the 4th egg passage of
this show numerous elementary bodies similar to those of
trachoma virus.

It appears that the efforts to culture this virus have at last
been successful. It will now be possjble to develop diagnostic
tests to define exactly the distribution and incidence of this
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disease in Southern Africa and to determine the relative
importance of virus and bacterial infections and to carry out
comparative te ts with virus isolated elsewhere. It will be
possible to produce a vaccine, but its value could only be
determined by extensive and prolonged field trial .
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LABORATORY STUDIES OF EYE I FECTIO S I SOUTH AFRICA
THE PROPERTIES OF THE IR S OF TRACHOM

E. CUTHBERTSO D. M. SMITH, and JAMES GEAR
South African lnstitllte for Medical Research Johannesburg

As described by Whitney and Gear,l a virus morphologically
resembling the virus of trachoma was isolated in yolk-sac
culture in chick embryos, the first of which was inoculated
with a suspension prepared from a swab taken from the eyes
of a 7-year-old African girl, Dorothea Phogele. This patient
presented clinically with the typical picture of trachoma and
she was admitted to the Jane Furse Hospital, Sekukuniland,
North Eastern Transvaal, for further investigation.

The virus so isolated, named the Jane Furse strain, has
been successfully established in serial passage in yolk-sac
culture of chick embryos. Its properties have been studied
and the findings are briefly reported in this paper.

Yolk-sac Culll/re
From the 1st to the 3rd passage, virus particles were scanty

and were found only after prolonged search. In the 4th
passage elementarY bodies were numerous. The virus since
its 5th passage has been passaged weekly. In these passages
the yolk-sac membrane was harvested and the yolk allowed
to drain. The membrane was then ground with glass and a
20% suspension prepared in nutrient broth. Of this suspen
sion O· 2 C.c. was then inoculated through a hole p'unched in
the blunt end of the egg into the yolk sac. This amount was
used until the 27th passage. Most of the inoculated eggs
were dead on the 4th or 5th day. From the 27th to the 30th
passage the inoculum was reduced to 0·1 ml. and it was
found that 25 % of the eggs died on the 6th day. The re
mainder were harvested on the 7th day. Smears were made
by snipping off a sman piece of yolk-sac membrane washed
free of yolk, and then dabbing it on to the centre of a clean
glass slide. Other smears were made by spreading a fragment
of yolk-sac membrane on a dean glass-slide covering with
filter paper and then placing another slide over the filter paper
and clipping the two slides together with paper dips. After
warming the slide by passing through a bunsen flame and
then allowing it to stand for 10 minutes, the slides were
separated, and the filter paper gently lifted and the yolk sac
peeled off the surface of the slide leaving a thin, often one
cell-truck impression smear. This was then either fixed in
methyl alcohol and stained with Giemsa stain or stained by
Machiavello's method.

These smears showed numerous elementary bodies in a
large proportion of the eggs of each passage. Most were clear
!y defined, usually round, sometimes elongate or oval particles,
many staining reddish pink with MachiaveIlo's method and
purple with Giemsa's stain, usually occurring singly, often
in pairs and occasionally in larger clumps. These particles
were usually found lying free, but in the impression mear
compact masses were seen in the cytopla m of ome cell .

In the appearance in yolk- ac culture thi viru resembles
those isolated respectively in China by Tang et aP and in
West AfTica by Collier and Sowa.'

Titralion of Virus
The amount of virus in the yolk-sac membranes wa

determined' by titration at intervals. Beginning with an
original 20% suspension in broth, tenfold dilutions to 10- 5

were made. Of each dilution O· 2 m!. was inoculated into the
yolk sac of each of 47th-day embryonated eggs. Eggs d_ ing
before the 7th day of subsequent inoculation, and those still
alive on the 7th day, were harvested. Smears were prepared
from the yolk sacs and. tained by MachiaveUo's method.
By thi.s method only those eggs in which the virus had grown
profusely would give positive results. However, one set of
eggs would be directly comparable with another. The resul
of this study show a progressive increase in the amount of
virus present from the 6th to the 27th passage when the
titre was 10.4

Thermal Stability
In tests for thermal stability 20% yolk-sac su pension

were exposed in a water bath to temperatures of 37°, 56°,
60°C and +4° and - 20°C respectively for varying periods.

The results found are summarized as follows:

Temperature Survival period
+4° 7 days+
37° 48 hours+
56° 30 minutes
60° 5 minutes

-200 15 weeks+
-20° freeze-dried 6 montbs+
-70°CO~ box 3 months-!-

EXPERIMENTAL A llMAL PATHOGEt-lICITY
The pathogenicity of v!rus suspensions for a number of
experimental animals was investigated. The protocols of
these experiments are summarized as follows:

White mice. In 3 separate experiments, 2 litters each of
6 7-day-old white mice were inoculated intraperitoneally and
intracerebrally with 20% yolk-sac suspension containing
large numbers of elementary bodies. These mice remained
healthy and developed normally.

At the same time, on each of the 3 occasions, a batch of
12 adult white mice were inoculated intraperitoneally and
intracerebraIly with 20% infected yolk-sac suspension. They
also remained wel!.

Guinea-pigs. A 30% su pen ion of yolk- ac membrane
containing numerous elementary bodjes was rubbed with a
swab into the right eyes of 6 guinea-pigs. Smear and wab


