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INFECTIOUS HEPATITIS IN DELHI (1955–56);
A CRITICAL STUDY—EPIDEMIOLOGY*

BY

R. VISWANATHAN
(From the Directorate-General of Health Services, New Delhi.)

History of the epidemic––Nature of the disease. The
Directorate General of Health Services obtained
information during the first week of December, 1955,
about a sudden increase in the incidence of infectious
hepatitis from some of the hospital authorities and from
medical officers working in dispensaries belonging to
the C.H.S. Scheme. The health authorities in Delhi
confirmed the fact that an explosive epidemic of
infectious hepatitis had started and measures were
immediately taken to obtain more accurate information
about the extent and nature of the epidemic. Medical
officers working in hospitals and dispensaries, as well
as general practitioners, co-operated with the health
authorities in obtaining data about the epidemic that
was found to be widely prevalent throughout the urban
areas in Delhi. It was found that cases had occurred
practically all over Delhi, including Delhi Cantt. among
army personnel. A few cases of infectious hepatitis were
reported to have occurred amongst those who visited
Delhi during the second and third weeks of November

from outside the city. There was a large influx of floating
population in Delhi during November and December in
connection with the Indian Industries Fair. It was
reasonable to assume that some of those who visited
Delhi during that period could have contracted infection
during their stay in Delhi. It was, therefore, decided to
obtain information from the States regarding possible
increase in the incidence of infectious hepatitis,
particularly amongst those who had visited Delhi during
the month of November.

The Delhi epidemic commenced in the first week of
December, 1955, and reached its peak in the last week
of that month. It was noticed that cases had occurred
almost simultaneously throughout the city. From the
data available regarding recorded cases, it was found
that the epidemic reached its peak in less than 2 weeks
and began to decline equally suddenly, so much so by
the last week of January, 1956, the disease could be
considered to have ceased to exist in epidemic form in
Delhi. After the last week of January, the incidence of
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the disease in Delhi urban area continued to be
reported but the figures were not significantly higher
than the normal incidence of the disease during
previous years. There was, therefore, no evidence of
any secondary or tertiary waves during the epidemic
under review (Graphs 1, 2, and 2a).

Cases were reported from all over Delhi, though
there were significant variations in the number of
cases reported form certain areas. South Delhi
Municipality area, particularly,
considering the size of its population, had
only a small number of cases reported
during the period of the epidemic.
Similarly, significantly smaller number of
cases were reported from West Delhi
Municipality Area and Shahdara
Municipality (Map 1). The importance of
such significant variations in the area-
wise incidence of the disease during the
time of the epidemic will be understood
when the source of infection and mode of
spread of the epidemic are discussed.

Diagnosis and clinical features.––Where
cases of acute jaundice occurred with
such explosive suddenness, the first
question to be decided was whether we
were dealing with an epidemic of infectious
hepatitis or with any other condition which
produced more or less similar symptoms.
As has been shown in other papers dealing
with this aspect of the subject, serological
and other tests were negative for diseases,
such as laptospirosis, infective mono-
nucleosis, etc. On the other hand,
biochemical (Dhopeshwarkar, Rao and
Viswanathan, 1957) and histopathological
(Gupta and Smetana, 1957) evidence
showed that we were dealing with an
epidemic of infectious hepatitis.

Tables I and II give the common
symptoms by age and sex recorded in
epidemiological survey cards for ambulant
cases and those treated in their homes.
Variations, if any, found in hospitalized
cases which have been analysed separately
have been discussed in another paper
(Viswanathan and Sidhu, 1957). For the
elucidation of the subject matter of this
paper, it is sufficient to say that the
symptomatology and natural history of
the disease which appeared in epidemic
form in Delhi fully warrant the diagnosis
of infectious hepatitis.

Evidence of endemicity of infectious
hepatitis in Delhi—As the disease was not
notifiable in Delhi urban areas, it is not
possible to obtain any accurate data
regarding the incidence of infectious
hepatitis for any length of the period
before the occurrence of the epidemic.
Fairly accurate data, however, are
available regarding the incidence of the

disease amongst Government servants and their
families, based on the returns from the Contributory
Health Service Scheme dispensaries and hospitals
(Table III). It is evident that from 50 to 100 cases of
infectious hepatitis have occurred every month from
July 1954 to November 1955, in a population of about
2½ lakhs, covered by the C.H.S. Scheme. This section
of the population is distributed almost throughout the
Delhi urban areas, though unevenly. Returns from
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particular disease affecting its population, especially
when it makes its visitation in an epidemic form, is
given briefly as follows (Census Report, 1951):—

‘The Delhi State lies between 28° 24’ 20" and 28° 53’

TABLE I.
Common presenting symptoms by age group in 692 cases.

Age group. Loss of appetite. Nausea. Vomiting. Fever. Headache. Pain over liver.

0–4 … 7 1 4 4 1 1
5–9 … 35 5 2 4 … 1
10–14 … 44 5 5 15 … 4
15–19 … 61 9 4 15 3 1
20–24 … 96 9 11 20 2 8
25–29 … 91 5 5 6 1 6
30–34 … 58 5 5 15 … 2
35–39 … 30 4 2 5 … 1
40–44 … 20 … … 3 … …
45–49 … 13 1 … 2 … 1
50–54 … 14 … 1 2 … 1
55–59 … 3 … … … … …
60 and above … 5 1 … 4 … …
Not known … 2 … 1 … … …

479 45 40 95 7 26

The thick lines enclose each municipal area. The dotted lines enclose each zone in a each area. The
figures in circle refer to the number of cases in each zone.

hospitals in Delhi for the last 5 years also show that
cases of infectious hepatitis have been occurring in
different parts of Delhi (Table IV). Special efforts were
taken to obtain the incidence of infectious hepatitis in
the colonies, situated along the Najafgarh
Nallah, the significance of which will be
discussed later. It was found that for few
months immediately preceding the
epidemic, there had been a good number
of infectious hepatitis cases occurring in
those colonies (Table V).

On the basis of comparatively reliable
figures regarding incidence of infectious
hepatitis among Central Government
servants and their families, a reasonable
estimate of the normal incidence of the
disease in the Delhi area as a whole can be
made. Taking even the figure of 50 as the
monthly average incidence for a population
of 2½ lakhs, the normal monthly incidence
of the disease in the entire population of
Delhi prior to the occurrence of the
epidemic, can be estimated to be in the
neighbourhood of 360 per month. There
is, therefore, a sufficient reservoir of
infection in Delhi itself and there is no
need to assume that the infection has been
brought from outside by possible carriers.
The icterogenic agent can be voided by
carriers of the virus. If 360 new cases
occur every month in Delhi, there will be
several hundreds of carriers at a time in
the population. People who harbour the
virus of infectious hepatitis discharge the
organism through the intestinal tract, and
depending upon the number of carriers in
a population the sewage of the city is likely
to contain larger or smaller quantities of
the causative organisms.

Delhi and its environs, population, etc—
The geography of Delhi (Map 2), a
knowledge of which is desirable for the
proper study of the epidemiology of any
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30 miles. The area is 57 square miles,
most of which lies on the western bank of
the Jumna. Some villages and the town of
Shahdara taken over from U. P., are
situated across the river.

‘The dominating physical feature of the
State is the ridge, the last spur thrown out
by the Aravallis towards the rich and level
plains of Hindustan. This ridge almost
reaches the water’s edge at the small village
of Wazirabad, then runs parallel to the
river encircling Shahjahanabad and
extending to the Western side of New Delhi,
where on one of its spurs are situated, the
Government of India Secretariat and the
President’s Estate. It then runs towards
the Qutab and Mehrauli where it throws
out numerous branches, some of which
extend into the Gurgaon district and others
push eastward again towards the river.
One of the highest spurs supports the fort
of Tughlakabad. The whole space between
the river and the ridge, a triangle with apex
at Wazirabad and the base extending
between Tughlaqabad and Mehrauli, has
been the site of the various cities and bears
the name of Khandarat (ruins and
boulders); the southern portion near
Mehrauli and Tughlakabad is known as
Kohi (hilly). The low lying along the river is

called Khadar, and the tract lying to the north of the
ridge and the west of the Grand Trunk Road, which
separates it from the Khadar is a level plain known as

TABLE II.
Analysis of symptoms by age and sex recorded during epidemiological survey.

Symptoms AGE GROUPS:

0–9 10–19 20–29 30–39 40–49 50–59 60 and Not
above.  known.

M F M F M F M F M F M F M F M F

Loss of appetite … 83 78 327 120 663 232 453 100 146 42 58 17 10 3 37 9
Nausea … 53 60 246 90 523 198 175 94 137 40 52 16 9 4 27 7
Vomiting … 40 34 179 70 355 150 259 65 92 37 26 10 4 2 21 8
Fever … 60 49 200 74 492 161 332 79 117 34 41 13 8 1 24 4
Headache … 28 21 148 62 369 158 254 59 87 33 31 14 6 1 16 6
Pain over liver … 138 44 229 85 458 163 286 82 112 29 36 9 10 3 27 2
Itching … 9 6 57 17 139 61 167 37 35 11 17 4 1 … 4 1
Delirium … 2 1 3 … 10 2 7 1 2 1 1 … … … … …
Restlessness … 10 4 111 46 111 34 68 20 24 8 10 1 2 1 4 2
Constipation … 1 … 13 2 45 9 21 3 7 2 4 2 2 … 2 …
Diarrhoea … … … 1 … 1 1 4 1 1 … … … … 1 1 …
Respiratory catarrah … … … … … … … … … … … … … … … … …
Cough … … … 3 … 5 2 … … … … … 1 1 … 1 …

TABLE III.
Monthly incidence of infectious hepatitis among Central Government servants and their families constituting a

population of 2½ lakhs from September 1954 to May 1956.

Year Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1954 … … … … … … … … 14 15 33 44
1955 53 8 57 127 73 59 140 129 110 78 88 1,578
1956 1,183 140 139 62 60 … … … … … … …

north latitude and 76° 50’ 25" and 77° 20’ 40" east
longitude. It is one of the smallest states of India. The
greatest length is 33 miles and the greatest breadth is
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a drainage line for a catchment area of
more than 200 square miles. It meets the
Jumna river at a distance of only 700 feet
on the downstream side of Wazirabad
pumping station. It is about 30 miles in
length. The portion of this Nallah from
Tehar downwards receives sewage and
sullage from the colonies located on either
side of the Nallah, which have come into
existence since 1947 for housing displaced
persons. It will be seen from the photographs
(Plates I and II, figs. 1, 2, 3, and 4) that no
proper sanitary arrangements have been
made in these colonies; the result is large
quantities of raw sewage are discharged
into the Nallah every day. What was,
therefore, a storm water drain before 1947
has been converted into an open drain
which carries pure sewage and sullage
which are discharged into the Jumna river
in the dangerous propinquity of the main
pumping station which supplies drinking
water to over 90 per cent of the urban
population. The following colonies, with a
total population of about two lakhs, are at
present discharging their sewage and
sullage into this Nallah:—

1. Part of Patel Nagar. 2. Part of Karol
Bagh. 3. Kamla Nagar. 4. Jawahar Nagar.
5. Rup Nagar. 6. Sarai Rohilla. 7. Old
Industrial Area. 8. Moti Nagar. 9. Ramesh
Nagar. 10. Shivaji Nagar. 11. Basai
Darapur. 12. Ashok Park. 13. Rajouri
Gardens. 14. Tilak Nagar. 15. Kirti Nagar.
16 New Industrial Area.

The 1951 census gave the following
population for the Delhi State:

Urban population … … 1,437,134
Rural population … … 306,938

——————
1,744,072

——————

The Director of Health Services, Delhi State, has
however, given the following recent figures for the
urban areas, covered by the different municipal bodies
(Jaundice Inquiry Committee Report):—

New Delhi Municipality … 300,000
Delhi Municipality … 1,100,000
South Delhi Municipality … 106,000
Notified Area Committee … 100,000
West Delhi Municipality … 100,000
Shahdara Municipality … 80,000

——————
TOTAL … 1,786,000

——————

TABLE V.
Monthly incidence of infectious hepatitis in colonies draining into Najafgarh Nallah before the epidemic.

Year 1955
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

Nil 4 13 19 4 22 25 23 37 15 31 449

TABLE IV.
Yearly incidence in Delhi from hospitals statistics from

1951 to 1955

1951 1952 1953 1954 1955

52 325 291 253 1,391

‘bangar’ a considerable portion of which receives
irrigation from the Western Jumna Canal.

Najafgarh Nallah—‘There is a depression near the
town of Najafgarh where water from the western side of
the ridge accumulates during the rainy season and
forms into what is known as the Najafgarh Jhil (lake).
This locality has stiff, hard soil known as ‘debar’. From
the Jhil (lake) an escape has been constructed to carry
off the superfluous water during the rains to the river
Jumna, which it joins just above the village of Wazirabad’.
This escape, popularly called the Najafgarh Nallah, has
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FIG. 4. Showing overflow sewage from Sewage Pumping Station
thrown into the Najafgarh Nallah.

FIG. 1. Showing the Najafgarh Nallah with colonies of displaced
persons on this side.

FIG. 2. Showing open drains draining sewage and sullage into the
Najafgarh Nallah.

FIG. 3. Showing Wajirabad Pumping Station on the Jumna and the
bund put up to prevent sewage from Najafgarh below being
sucked by the pumps.

The population has, undoubtedly, increased during
the 5 years after the last census, not only because of
births but also because of large influx of population to
the Delhi urban areas from the neighbouring states.

The birth rate in Delhi is 28 per thousand, while the
death rate is 13 per thousand.

There are six different local bodies which are
responsible for municipal administration of civil urban

areas in Delhi. The Military Cantonement, however, is
administered by the Cantonement Board.

The main source of water supply for Delhi is the
Jumna river. The water is drawn at 2 points––Wazirabad
and Okhala. There is a distance of 16 miles between
the two intake points. The Wazirabad waterworks is at
the North end of the city, while the Okhala waterworks
is down South. All municipal areas, excepting that
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course from one bank to the other after floods. Every
year channels are dug to divert the water towards the
intake points. When the flood waters subside and as the
river changes its course towards the opposite bank,
reverse current is occasionally produced near the
Wazirabad bank of the river, facilitating thereby the
sucking in of the discharge contents of the Najafgarh
Nallah towards the intake point of the pumping station.
The flooding of the river usually occurs during and soon
after the rains. July, August, September and October
are the months during which the water level of the
Jumna river rises and begins to subside by the end of
October or the beginning of November. In 1955,
unprecedented floods occurred during October and by
the first week of November the waters began to subside.

The chemical analysis of the water, both untreated
and treated, is done every day except on holidays in a
small laboratory, attached to the filtration plant. The
Delhi State Laboratory carries out biological analysis
of the water, and if the results indicate contamination,
they are communicated to the Engineer Secretary of
the Delhi Water and Sewage Board in order to enable
him to take the necessary corrective steps.

The whole of the urban area of Delhi is not covered
by underground sewage. Sewage from the sewered
areas is conveyed by main and collecting sewers,
partly by gravity and partly by pumping, to the main
pumping station at Kilokri wherefrom it is pumped to
the treatment works at Okhla.

Incidence during the present epidemic—Though over
7,000 cases of manifest jaundice were reported to the
health authorities during the period of the epidemic in
Delhi, it was possible to obtain epidemiological data in
the prescribed form during the survey only in respect
of 3,786 persons. This was mainly due to faulty
notification and consequent inability to trace the
remaining number of patients who were reported to
have developed the disease during the epidemic. The
Sample Survey, the results of which are given in
another paper, has, however, shown that the total
number of cases with frank icterus must have been in
the neighbourhood of 29,300.

The epidemic can be considered to have started
during the last week of November, 1955, and terminated
by or after the middle of January, 1956. If the figures
obtained from the Sample Survey can be taken to
represent the actual incidence of cases with frank
jaundice for the whole of Delhi, the total incidence of
icteric and non-icteric cases during the epidemic may
be taken to be 10:3 times the number for cases with
frank icterus, since in infectious hepatitis, the ratio of
cases with manifest jaundice to the total incidence of
the disease is said to be about 3:10 (Stokes et al.,
1954). As it is assumed that for every case of clinical
hepatitis there are about 10 sub-clinical infections,
the total number of people who must have been
infected during the last epidemic will be in the
neighbourhood of 10.7 lakhs. The total number of
clinical and sub-clinical infections is so enormous and
the duration of the epidemic is so short that one is fully
justified in considering the episode in question, as an
unprecedented epidemic of an explosive nature.

TABLE VI.
Infectious hepatitis epidemic in Delhi 1955-56.

(Number by age and sex in 3,786 cases.)

Age groups. Male. Female.

0–4 … 36 31
5–9 … 126 101
10–14 … 198 86
15–19 … 376 112
20–24 … 525 178
25–29 … 531 178
30–34 … 419 99
35–39 … 227 55
40–44 … 135 38
45–49 … 100 24
50–54 … 65 11
55–59 … 29 10
60 and above … 22 6
Not known … 57 11

TOTALS … 2,846 940

TABLE VII.
Incidence by economic status.

Rs. 1,000 … … 119
Rs. 750 to Rs. 1,000 … … 51
Rs. 500 to Rs. 750 … … 78
Rs. 250 to Rs. 500 … … 512
Rs. 100 to Rs. 250 … … 1,300
Below Rs. 100 … … 1,518
Not known … … 178

TOTAL … … 3,786

TABLE VIa.
Incidence of infectious hepatitis and total population

by age groups.

Age group. Population rate Number Case rate
per 10,000. of cases. per 1,000.

0–4 … 1,895 , 67 0.21
5–14 … 2,236 , 511 1.73
15–34 … 3,415 2,413 9.43
35 and above … 2,454 ,795 1.90

which comes under the South Delhi Municipal
Committee, are supplied by Wazirabad waterworks,
while the latter is supplied from Okhala.

Water supply and disposal of sewage are under the
control of a statutory body, called the Delhi Joint
Water and Sewage Board. The Board places the water
in bulk for drinking purposes at the disposal of the
different municipal authorities.

Before the water is delivered to the consumers, it is
subject to settlement, coagulation, filtration and
disinfection in suitable plants of modern designs.

It was pointed out previously that the Najafgarh
Nallah is discharging its contents at a point which is
dangerously near to the headworks at Wazirabad. The
location of the main intake of the water supply of the
city at such a site is, therefore, unsatisfactory because
of the possibility of sewage pollution under certain
abnormal conditions, even though the mouth of the
Nallah is situated downstream. Floods occur every year
in the river after the rains. The river is prone to shift its
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of 61 patients. On the basis of such information, it is
found that the shortest incubation period is 10 days,
while the longest is 68 days. As the largest number
have the incubation period falling within 18 to 62
days, we will be justified in assuming that the range of
the incubation period for infectious hepatitis during
the last epidemic in Delhi was from 18 to 62 days. This
more or less corresponds to the range of incubation
period calculated on the assumption that the massive
exposure to infection occurred between 8th and 16th
of November and because of the fact that the peak
incidence of the disease in Delhi during the epidemic
was between 20th December 1955 and 4th January,
1956.

As the range of the incubation period as calculated
in respect of those who visited Delhi and went back to
their respective States and developed the disease is 16
to 62 days and as the peak prevalence of the epidemic
was from 20th December, 1955 to 4th January, 1956,
the massive exposure can be calculated to have
occurred during the period between 8th and 16th
November, 1955. It will be shown subsequently that
such an infection did occur during that period and was
in all probability the cause of the epidemic.

It has been found that during the Delhi epidemic the
incubation period for the disease had a wider range
and the majority of patients exhibited longer incubation
period for the disease than what is ordinarily given in
the literature. The reason for the variation in the
incubation period which was longer than usual will be
discussed later.

Attack rate and area-wise incidence—Sample survey
has shown that 2.05 per cent of the population of Delhi
in all the areas with municipal water supply developed
manifest jaundice during the period of the epidemic
(Sidhu and Nair, 1957). As it can be assumed that
during the epidemic anicteric cases will be 7/3 times
the number of icteric cases, about 6.8 per cent of the
population in those areas would have suffered from
infectious hepatitis. As the number of sub-clinical
infections will be about 10 times the number of actual
disease, it will be reasonable to assume that about 68
per cent of the population of Delhi were infected during
the epidemic.

The survey of reported cases shows that the area
covered by the New Delhi Municipal Committee had
the highest incidence, while next highest was found in
the Delhi Municipal Area. This was followed closely by
the Notified Area. On the other hand, in the areas
covered by West Delhi and South Delhi Municipal
Committees, the incidence was much lower, being less
than 1/4th of the incidence in other areas. The Sample
Survey has also corroborated these significant
variations in the area-wise incidence of the disease
(Sidhu and Nair, loc. cit.). The survey has shown that
most of the cases had occurred in region No. 1 which
includes areas covered by Delhi Municipal Committee,
New Delhi Municipal Committee and Notified Area
Committee. The incidence rate in region 1 is estimated
at 2.05 per cent. On the other hand, in region 2 which
includes areas under West Delhi Municipal Committee
and South Delhi Municipal Committee, the incidence

The epidemic curves (Graphs 1 and 2) show that the
sudden ascending steep in the curve commenced
somewhere about the 10th of December. The peak of
the curve was reached by the 26th December, followed
by a steep fall which terminated by about the 18th of
January. The ascending and descending portion of the
curve are inclined more or less equally from the peak.
It will also be seen that the curve has unimodal peak
and its distribution is of the normal type. Judging from
the curve, the epidemic can be considered to have
started by about the 1st December 1955, reached its
peak by about the 26th of December and terminated
by about the 15th of January 1956. It can, therefore,
be safely assumed that the epidemic lasted only for
about 6 weeks. As this, more or less, corresponds to
the normal range for the incubation period of infectious
hepatitis, one is driven to the irresistible conclusion
that all the people who had clinical and sub-clinical
infections during the epidemic, should have been
simultaneously exposed to infection for a short period
of time. As the peak of the epidemic curve is maintained
roughly for about a week, it can be presumed that
infection also lasted for the same period.

Incubation period—The available data go to show
that the peak incidence was between 20th December
1955 and 4th January, 1956; the highest figures
obtained were for 24th, 25th, 26th, 27th and 28th. If the
incubation period of infectious hepatitis is taken to be
15 to 45 days with a mode period of 25 to 30 days, as
recorded in the literature, the exposure to infection in
respect of the Delhi epidemic can be assumed to have
occurred during the period between 24th and 28th of
November. Available evidence, however, is contrary to
such an assumption. The epidemic curve and the
duration of the epidemic point definitely towards a
common source of infection which must have occurred
within a short period of time. In later paragraphs the
source and nature of the infection will discussed. It is
sufficient to say at this stage that the population of
Delhi was subject to massive dose of infection with the
virus of infectious hepatitis from the 10th to the 16th of
November, 1955. As the peak incidence in Delhi epidemic
was between 20th December, 1955 and 4th January
1956, the height of the peak being on the 26th; and the
mode of frequency corresponds to the mode incubation
period with an even distribution on either side, and as
the whole epidemic lasted only for about 46 days from
1st December to 15th January, the range of the
incubation period in this epidemic may be said to be
from about 18 to 64 days with a mode incubation period
of 38 to 42 days.

An attempt has been made to determine the
incubation period of the disease which occurred
amongst those people who visited Delhi from outside
during the period when massive exposure was
supposed to have occurred in Delhi. The Administrative
Medical Officers were requested to supply information
about persons belonging to their States, who developed
jaundice after visiting Delhi during the period from 8th
to the 18th November, 1955. Accurate information
about the period of stay in Delhi of such persons and
the date of onset of the disease was obtained in respect
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rate is only 0.34 per cent. Within region 1, the areas
under N.D.M.C. and N.A.C. together showed a
significantly higher rate of 2.33 per cent as compared
to the rate in D.M.C. areas, namely 1.91 per cent. The
significance of this marked difference in the incidence
in region 1 and 2 will be understood when the source
of infection is discussed (Map 3).

An attempt has been made to chart out the incidence
of the disease zone-wise in order to find out whether
there was increased incidence in the propinquity of the
water supply mains. Map 1 does not show any
significant variations. Areas nearest to the pumping
station and to the water mains have, no doubt, high
incidence but some of the far-flung areas also show
equally high incidence. This is evidently due to massive
infection occurring simultaneously in all areas.

Reports from Delhi hospitals show that there were
65 deaths amongst those who developed the disease
during the epidemic and who were hospitalized. As
most of the serious cases are generally admitted into
the hospitals, the actual figures for mortality during
the epidemic cannot be much higher than those given
by hospital statistics. Ninety would perhaps be nearest
to the actual figure for the total deaths during the
epidemic. Assuming that the total case incidence was
97,600, as calculated from Sample Survey, the case
mortality rate is 0.9 per thousand. This figure is less
than the figures as reported in respect of other
epidemics.

Incidence by age and sex—It will be seen from Table
VI that the largest incidence of the disease during the
epidemic has been in the age group 15 to 39. Out of
3,786 cases studied, only 578 were below the age of 15,
giving an incidence of 15 per cent of the total number
of cases. This is contrary to the common experience in
endemic infectious hepatitis. The significance of higher
age incidence in this particular epidemic, in spite of
almost universal and massive exposure of the whole
population in Delhi, is a matter of speculation. It may
be argued that the strain of the virus that produced the
epidemic might have been different and might have
had special predilection for higher age groups. There
is, however, no reason to suppose that some foreign
strains have been imported into Delhi. There is enough
evidence to show that the disease has been endemic
and has manifested the usual reported characteristics
of the disease. There is no doubt that there has been
a reservoir of infection in Delhi itself. Importation of
foreign strains, therefore, can be ruled out. Another
explanation is that all the cases that have occurred
amongst children might not have been reported because
of the fact that children, particularly, are prone to
develop abortive non-icteric type of the disease. Such
cases may not have been diagnosed as infectious
hepatitis. This possibility cannot be ruled out.
Assuming that there had been a good number of
unreported and undetected cases amongst children,
the number cannot be so much as to reverse the
recorded proportion of age incidence of the disease, as

shown by the surveys. Moreover, it has
been almost a universal impression
amongst the doctors in Delhi, both in
hospitals and in general practice, that the
disease affected predominantly the higher
age groups.

The variations in the age incidence may
also be explained in the following way:

It is recognized that there is a reservoir
of infection in Delhi and that the disease
is endemic. As children constitute the
most susceptible group in the population,
they get infected and develop immunity. It
is possible that majority of children in
Delhi have been so infected and have
suffered either from a manifest disease or
have had merely sub-clinical infections.
People of the higher age groups in the
population would have had the infection
when they were children and thereby
would have developed immunity. As age
advances, it is reasonable to assume that
immunity wears out or diminishes. We
have, therefore, in the population two
sections, one composed of children,
possessing high immunity acquired as a
result of recent infection and the other
belonging to the higher age groups whose
acquired immunity to the disease is
diminished by passage of time. When
both these groups are submitted
simultaneously to a massive dose of
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infection, those who have less immunity, namely the
higher age groups, are liable to develop the disease.
The Delhi epidemic, as will be shown later, was the
result of such a massive and sudden infection. If it can
be assumed that the dose of infection corresponding to
body-weight for every individual man, woman and
child in Delhi was about the same, the difference in
susceptibility can be considered to have produced
higher incidence among the higher age groups.

Purists might argue that actual figures for higher
incidence in the higher age groups have no significance,
if they are not correlated to the percentage incidence in
the population in each age group. If for instance in a
community the number of children are significantly
smaller and the number of people in the higher age
groups is significantly high, smaller number for
incidence of the disease in lower age group and high
incidence in the higher age groups will have no meaning,
if the morbidity rate for each age group is not worked
out separately. An attempt has been made to work out
the rate on the basis of available figures for the population
in different age groups in Delhi. It will be seen that the
age-wise morbidity rates correspond to actual incidence
of the disease for the different age groups (Table VIa).

Sample Survey has shown that the incidence of
hepatitis with manifest jaundice was higher in the age
group 15 to 39. Whereas the incidence was only 1.2
per cent in the age group 0 to 14, the rates for the age
groups 15 to 39 and 40 and over were 2.9 per cent and
2 per cent, respectively.

Among reported cases, there were greater number of
males than females affected. Sample Survey has also
shown the same difference in the sex distribution. It
has, however, been observed that statistically significant
difference existed only in the 15 to 39 age group. Certain
striking differences in the age-sex distribution of cases
in region I, which has only one single source of water
supply, as compared to region II, which has water
supply from other sources, have been observed in the
results obtained by Sample Survey.

The incidence among males in the age group 15 to
39 was found to be four times that for the females in
the corresponding age group in region II, whereas in
region I the male rate was only one-and-a-half times
the female rate for the same age group. It has also been
shown that while in region II the incidence rate in the
age group 15 and over was three times higher than the
incidence rate in the age group 1 to 14 in region I, the
incidence in age group15 and over was only twice the
rate for the 1 to 14 age group. These data go to show
that males in the working age group 15 to 39 in region
II had the highest incidence for that region and in all
probability acquired infection while working in region
I. They provide corroborative evidence to show that the
massive infection was confined to region I.

Incidence according to social factors—Table VII gives
the number of cases of infectious hepatitis by income
groups, among the reported cases. Information is not
available as to the total number of people in the
population in the different income groups. Unless the
proportionate incidence is worked out, the actual
figures for the incidence are of no value. The Sample

TABLE VIII.
Incidence by nutritional status.

Obviously malnourished … 343
Not malnourished … 3,389
Not known … 54

TOTAL … 3,786

TABLE IX.
Incidence by environmental factors (Drainage).

Underground … 2,130
Open … 1,500
No proper drainage … 81
Not known … 75

TOTAL … 3,786

TABLE X.
Incidence by environmental factors (Ventilation).

Good … 1,757
Fair … 1,332
Poor … 492
Not known … 205

TOTAL … 3,768

TABLE XI.
Incidence by type of water supply.

Municipal pipe supply … 3,503
House supply from wells … 122
Other community supply … 16
Unspecified … 145

TOTAL … 3,786

Survey has, however, shown that the incidence was
lower among those living in huts and mud houses than
among those living in pucca houses and bungalows.
Such variation may be attributed to higher degree of
immunity acquired by the lower income groups through
previous infections due to unhygienic conditions of
living. Further analysis by sex shows that among
males, the incidence among those living in pucca
houses and bungalows, was nearly as high as among
those living in huts and mud houses. It has also been
observed that the entire incidence is confined to males
of the age groups 15 to 39 in people living in huts and
mud houses in region II. This provides additional
reason for the assumption that most of the people in
region II must have acquired infection by frequenting
region I during the working hours of the day.

Incidence according to nutritional status is given in
Table VIII. Here again, it is not possible to evaluate the
significance accurately. It is, however, interesting to
observe that the nutritional status in the vast majority
of cases was normal and malnutrition had no significant
bearing on the incidence of the disease.

Tables IX and X give incidence of the disease
according to environmental conditions, such as
drainage, and ventilation. The data do not justify any
inferences to be drawn.

It will be seen from Table XI which gives the incidence
of the disease in relation to the type of water supply,
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that over 90 per cent of the people who developed the
disease obtained their drinking water from the
municipal pipes. It is possible that most of the
remaining who have no municipal water supply in
their houses, are in the habit of drinking water from
the municipal pipes when they go for work. It will also
be observed that most of the reported cases were from
areas which derive their drinking water supply form
the Wazirabad pumping station. It has been already
mentioned that the Sample Survey has shown that
region I which derives its water supply from the above
source had significantly higher incidence than region
II which has its water supply from other sources.

Pathogenecity—Pathogenecity of the micro-parasite
for the human host in any given epidemic is judged by
the length and range of the incubation period, the ratio
between clinical and sub-clinical, the case fatality
ratio and the case incidence in the population.
Pathogenecity can also be judged by the residual
impairment of functions and the number of sequelae
to the disease. The incubation period of the disease
during the Delhi epidemic has been longer than what
has been observed in other epidemics. Longer
incubation period indicates lesser pathogenecity. It
may either be that the strains of the virus that caused
the epidemic were different, or the causative agent had
been attenuated in their virulence. Though the Sample
Survey shows that the incidence of the disease has
been extraordinarily high, it was not as high as one
would have expected in a population which was
subjected to almost universal infection. Evidently, the
virulence of the virus was either inherently low or
attenuated by certain fortuitous circumstances. The
cause fatality rate also shows that the causative
organism was of low virulence.

DISCUSSION

Endemecity of infectious hepatitis in India—Infectious
hepatitis is endemic in many parts of India. Table XII,
giving monthly incidence during 1955 in some of the
States will show that the disease has been more prevalent
in certain States than in others. It has already been
shown that the disease was prevalent in Delhi for a
number of years prior to the epidemic. There was
undoubtedly a good reservoir of infection in Delhi to
account for the occurrence of an explosive epidemic
resulting from certain unfortunate circumstances.

Source of infection and mode of spread—Sufficient
evidence has been provided to show that the Delhi
epidemic arose out of a common source. In the first
place, the incidence of both clinical and sub-clinical
infection has been of unprecedented magnitude.
Secondly, the epidemic has been of short duration,
lasting only for about 6 to 7 weeks. Thirdly, the largest
case incidence during the epidemic falls within the
calculated range of the incubation period for infectious
hepatitis. Fourthly, the epidemic curve has a unimodal
peak and its distribution is of the normal type. The
steep rise of the curve and the equally steep fall and the
restriction of the duration of the epidemic to less
than 7 weeks, are indicative of an explosive epidemic,
caused by a massive exposure, occurring within a
short period of time. Fifthly, no significant secondary
wave of the disease has been noticed in the Delhi
population. Sixthly, the incidence was widespread
and occurred almost simultaneously in widely scattered
areas. The fact that nearly 50 per cent of the population
have had clinical or sub-clinical infections during the
epidemic, as shown by the Sample Survey, is in favour
of common source and common vehicle of infection.
Such massive and extensive exposure cannot be
through food as there is no evidence to show that the
whole population of Delhi partook the same common
food. As there are several sources of milk supply to the
community, milk cannot be incriminated in so far as
this explosive epidemic is concerned. It is true that
vast majority of Delhi population visited the Industries
Fair some time or the other during the months of
November and December. It is possible that they have
taken some common articles of food, sold at the Fair.
Even if it is assumed that the entire population of Delhi
visited the Fair, such visits would have been distributed
over a number of days covering the whole period of the
Fair, i.e. two months. Hence, they could not have been
exposed to any massive infection within a short period
of time, merely from the food sold at the Fair.

It is possible for an insect-borne epidemic to have
more or less the same size and speed of development as
has been noticed in respect of the Delhi epidemic. For
the last few years, there has been successful mosquito
control in Delhi urban areas. Moreover, mosquito
prevalence in Delhi is at the lowest ebb during the
months of November, December and January when the
massive exposure and the epidemic of infectious

TABLE XII.
Showing monthly incidence of infectious hepatitis in some states in India from July 1955 to March 1956.

Name of the State. July. Aug. Sept. Oct. Nov. Dec. Jan. Feb. March.

Madras … 500 556 551 547 659 599 292 282 212
Punjab … 126 158 135 143 112 170 427 271 62
Uttar Pradesh … 115 119 140 159 143 126 226 76 42
West Bengal … 26 12 19 23 22 17 48 22 17
Ajmer … 1 2 3 3 4 1 38 44 6
Madhya Bharat … 13 3 3 15 9 6 10 17 19
Rajasthan … 137 128 208 174 178 164 579 91 54
Madras City … 57 61 64 71 71 62 85 102 51
Amritsar … 30 30 35 25 27 42 85 40 15
Lucknow … 24 25 33 21 10 13 49 8 3
Jaipur … 24 51 82 54 50 59 265 47 3
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hepatitis had occurred. Moreover, the marked and
significant difference in the incidence of the disease
between South Delhi, West Delhi and Shahdara
Municipal areas and the remaining areas cannot be
accounted for by any possible difference in the mosquito
or other insect prevalence in these areas. Ordinarily,
mosquitoes are more prevalent in the outskirts of the
city, covered by the above-mentioned municipal areas
than in the remaining areas of Delhi. There is no
evidence to show that the epidemic was insect-borne.

By a process of elimination, one is driven to the
irresistible conclusion that the epidemic was water-
borne. As the largest incidence of the disease during
the epidemic had occurred in the urban areas whose
water supply is from Wazirabad pumping station and
as the case rates in the areas supplied by Okhla
waterworks and in those areas in Delhi where drinking
water is derived from other sources, were significantly
small, it can be assumed that the massive infection
was carried through the distributing system connected
to the Wazirabad waterworks.

Cause of contamination of water supply—From the
period of the peak case rate and from the incubation
period calculated in respect of those who developed
jaundice after visiting Delhi, it has been shown that the
massive exposure must have occurred sometime
between 8th and 17th of November. It has
also been shown that the epidemic was
water-borne. It is now left to be seen,
whether there was any incident which led
to massive contamination of the water
supply with the virus of infectious hepatitis.
As the epidemic was widespread, the virus
could have entered the distri-buting system
only at the very source. As there was no
evidence of contamination either in the
water-works or in the mains, the raw water
pumped up from the river must have got
polluted before it entered the pumps.

Evidence of contamination of drinking
water supply is generally obtained by
chemical and bacteriological analysis of
the raw and treated water. In every
waterworks such analyses are carried out
every day. It was pointed out earlier that
the chemical analysis in Delhi is carried
out in a small laboratory located in the
premises of the filtration chamber and the
bacterio-logical analysis is done at the
Public Health Laboratory of Delhi State.
There was some suspicion of contami-
nation of water in samples taken on the
11th November as bacteriological analysis
showed the presence of 5 or 6 lactose
fermenters, indicating faecal
contamination. Such result was, however,
of doubtful value as controls also showed
similar coliform organisms. The results of
chemical analysis, however, provided more
pointed evidence of contamination. While
the chloride content of raw water from 1st
to 10th November, 1955 varied between

5.6 and 5.7 parts per million, the sample of water
taken early on the morning of 11th November showed
that the chloride had risen to 12.7 parts per million.
On the 12th November, the chloride content in the
morning increased to 25 parts per million. On the
13th, 14th and 15th November, the chloride content
further increased to 60, 80 and 90 parts per million,
respectively. On the 16th, the chloride content was 61
parts per million. This rise of chloride content was very
definitely indicative of progressively increasing
contamination of water with sewage. There is no
evidence to show that there was any other cause for
the presence of increased chloride in the raw water
(Graph 3).

It now remains to be seen how the waters of the
Jumna at the point of Wazirabad waterworks intake
could have been polluted during the period in question.
It was pointed out earlier that the Najafgarh Nallah
which is carrying sullage and raw sewage meets the
Jumna river only a few hundred feet downstream from
the Wazirabad headworks. Sewage in Najafgarh Nallah
contains, at the point of discharge into the river, about
160 parts of chloride per million. On the 14th and 15th
of November, when the chloride had risen to 80 and 90
parts per million, it can be assumed with justification
that during these days 50 per cent of the water
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pumped into the distributing system at Wazirabad
headworks was derived from Najafgarh Nallah.

Period of contamination—The Committee constituted
for the purpose of enquiring as to how far the pollution
of Jumna water during November, 1955 was responsible
for the outbreak of jaundice in Delhi in the subsequent
two months, have in their report fully substantiated the
chemical evidence for contamination with the oral
evidence given by eye witnesses to the pollution of
Jumna water at the intake point with the sewage
carried by Najafgarh Nallah. The waterworks assistant
who actually lives in the premises, told the writer and
the Committee that some portion of the contents of the
Najafgarh Nallah was being drawn upstream on the 4th
November to the point of intake and was sucked into the
pumps. Both the Public Health Engineer and the Water
Works Superintendent had admitted to the Committee
that visible excessive pollution occurred from the 11th
to the 16th November as most of the
contents of the Najafgarh Nallah was being
sucked into the pumps. On the 16th
afternoon, the Director of Health Services,
Delhi State, actually saw that the bulk of
water feeding the intake point, was being
drawn from the contents of the Najafgarh
Nallah. After analysing the available
evidence the Committee has opined that
the period of gross contamination has to be
fixed between 11th and 16th November,
1955 or from about the 6th to 13th
November. It may be pointed out in this
connection that the waterworks authorities
increased the dose of alum necessary to
secure coagulation on the evening of the
12th November. Dose of alum on the 12th
November was 0.8 grains per gallon as
against 0.57 grains per gallon on the
previous day. The alum dose was increased
to 2.4 grains per gallon on the evening of
12th November. On the 13th, it was
increased to 3.26 grains per gallon. The
dose of alum was increased from 0.5 part
per million on the 11th to 0.63 on the 12th.
The residual chloride was, however, not
more than 0.23 part per million on the
12th November. On the13th November the
total chlorine consumed was 542 lb. or
1.10 parts per million. The residual chlorine
was 0.8 part per million. Till the 16th
November increasing quantities of chlorine
and alum were used. It was found that the
authorities took vigorous steps for
coagulation and disinfection of water from
the morning of 13th November till the
morning of 17th. The results of biological
analysis indicated that the steps taken by
the engineering authorities were adequate
to maintain bacteriological purity. This is
further corroborated by the fact that there
was no sudden increase in enteric diseases,
such as typhoid fever, diarrhoea or
dysentery following contamination. Figures

for sickness incidence among the Central Government
servants and their families (Graph 4) show that there
was no significant increase in the incidence of such
diseases during the month of November 1955 (Table
XIII). It can be assumed, therefore, that from 13th to the
17th November the raw water pumped up at the
Wazirabad waterworks was freed from bacterial
contamination. If such efforts in purification of sewage-
contaminated water were adequate for the purpose of
inactivating the virus of infectious hepatitis also, the
contamination with the virus of the water in the
distributing system must have occurred earlier than
the 13th November. This would mean that massive
contamination of water supply occurred on the 12th
November, when for the first time the chemical analysis
showed sudden increase in
the chloride content. If the evidence given before the
Committee by the waterworks assistant can be relied
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upon (there is no reason why he should be disbelieved),
slight contamination must have started from the 4th
and with the subsidence of the waters in the Jumna,
more and more of the contents of the Najafgarh Nallah
were being sucked in by the pumps daily. As super-
chlorination and increased alum precipitation were
started only on the 13th, uninactivated virus of infectious
hepatitis got into the distributing system in rapidly
increasing quantities from the 4th of November, the
maximum dose being reached on the 11th and 12th as
shown by the sudden increase in the chloride content
during those two days. It can be assumed, therefore,
that the population of Delhi was subjected to fairly
heavy infection with the virus of infectious hepatitis on
the 11th and 12th of November. It is not, however,
certain that the extra precautions taken by the
waterworks authorities from the 13th to the 16th had
been successful in inactivating the virus of infectious
hepatitis during that period when much larger quantities
of virus-laden sewage was being sucked up by the
pumps and thrown into the distributing system. If the
peak of the epidemic curve is any indication to the
period of exposure, it will be reasonable to assume that
massive exposure had occurred during the period from
the 10th to the 17th. The peak of case incidence, as
shown by the epidemic curve, had occurred on the 26th
December. As the mean incubation period for the
disease during the epidemic has been estimated as 40
days, the peak of the exposure must have occurred on
the 15th or 16th November. This corresponds to the
date arrived at on the basis of the evidence provided by
chemical analysis and statements of eye witnesses.

The episode of contamination—It is considered

unnecessary to go into the circumstances leading to
the contamination as they have been fully dealt with
in the report of the Committee. It would be sufficient
to say for the purpose of this review that when the
unusual floods in the Jumna river in October 1955
began to subside, the river began to recede towards the
other bank. This resulted in certain amount of
stagnation of the water near the Wazirabad side of the
river. A time was reached when the level of the water
at the intake point and at the mouth of the Najafgarh
Nallah was the same. As, however, there was the
sucking action of the pumps the contents of the
Najafgarh Nallah began to go upstream towards the
intake point; and as the river water began to recede
more and more towards the opposite bank, more and
more towards the opposite bank, more and more
contents of the Najafgarh Nallah began to be sucked in
by the pumps. This probably went on in an increasing
measure from the 4th of November up to the evening
of the 16th November, by which time intake channels
were dug to bring the waters of the Jumna from the
opposite bank to the point of intake.

It has been shown in the preceding paragraphs that
the water contaminated with the sewage from the
Najafgarh Nallah was pumped up at the Wazirabad
waterworks and put into the distributing system
probably from the 4th to 16th of November, 1955.
There is no direct evidence to show that the sewage
from the Najafgarh Nallah during that period contained
the virus of infectious hepatitis. It is a well-known fact
that the virus of hepatitis has not been cultured so far.
Even the painstaking and meticulous efforts made by
the Poona Virus Research Laboratory to culture the

TABLE XIII.
Showing incidence of certain infectious diseases among Central Government servants and their families

from July 1954 to June 1956.

Month. Typhoid. Measles. Infectious hepatitis. Respiratory infectious acute. Dysentery.

July 1954 60 5 19 1,823 1,848
August 1954 129 5 120 1,553 1,877
September 1954 53 20 15 2,270 1,505
October 1954 76 17 18 3,508 1,397
November 1954 55 10 33 4,946 1,609
December 1954 48 32 44 5,397 1,070
January 1955 70 87 53 6,439 1,680
February 1955 63 245 50 6,205 2,108
March 1955 91 41 57 5,526 2,858
April 1955 121 426 127 5,605 2,456
May 1955 126 425 73 4,883 2,478
June 1955 168 318 59 3,900 2,587
July 1955 168 275 140 5,384 3,895
August 1955 220 179 129 5,516 4,557
September 1955 281 125 110 4,751 4,627
October 1955 240 76 78 6,664 4,202
November 1955 171 51 88 5,194 3,447
December 1955 215 27 1,478 5,384 3,602
January 1956 181 92 1,183 5,529 3,760
February 1956 133 166 140 6,228 3,422
March 1956 184 121 139 7,016 4,359
April 1956 182 122 62 6,728 4,573
May 1956 226 177 60 5,467 4,394
June 1956 206 179 36 3,300 4,376
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virus from the large number of samples of materials
collected during the epidemic have not been successful
so far. That the sewage during that period carried by
the Najafgarh Nallah contained the virus of infectious
hepatitis, could therefore, be inferred only if there was
evidence to show that faeces of patients or carriers had
been thrown into the sewage carried by the Najafgarh
Nallah. In order to obtain such an evidence, information
was obtained regarding the incidence of infectious
hepatitis amongst those living in colonies on either
side of the Najafgarh Nallah, as it is an admitted fact
that the raw sewage and sullage from these colonies
are thrown directly into the Najafgarh Nallah. Table
VII shows the incidence of hepatitis as provided by the
reports from hospitals and dispensaries catering to
these colonies. During the few months, preceding the
epidemic, there had been a fairly large number of
cases of infectious hepatitis, occurring in these colonies.
It can, therefore, be assumed that a substantial quantity
of the virus of infectious hepatitis was being thrown
into the sewage in the Najafgarh Nallah by active
patients and convalescent carriers. As the virus is
passed with the faeces for fairly long time, it is
reasonable to assume that during the period between
the 4th and 16th November, the sewage carried by the
Najafgarh Nallah contained substantial quantity of
the virus of infectious hepatitis.

The Enquiry Committee in their report, after
analysing all the available evidence, concluded as
follows:

‘The evidence analysed by the Committee in the
second and third chapters shows that the outbreak of
jaundice in Delhi is viral in origin, that the causative
virus was disseminated through the pipe water supply
from the Wazirabad Pumping Station, that water from
the Jumna river contaminated with the sewage from
the Najafgarh Nallah near the intake pumping station
was drawn into the waterworks at the Wazirabad
Pumping Station for about a week somewhere between
the 4th and the 16th of November, 1955, and that such
contamination for about a week was solely responsible
for the epidemic of jaundice which occurred in Delhi in
December 1955 and January, 1956’.

The epidemiological data collected by surveys largely
substantiate the general conclusions arrived at by the
Committee.

Period of massive infection.—It now remains to be
seen whether the massive exposure of the Delhi public
to the virus of infectious hepatitis occurred on a single
day or on several consecutive days. It has been shown
by the Enquiry Committee that the sewage
contamination of water supply at Wazirabad pumping
station started in a small way on the 4th and reached
its maximum concentration on the 16th November.

Positive chemical evidence of contamination was
available only from the 11th. Increased alum
precipitation and hyperchlorination were started from
the 13th. Assuming that massive exposure of the Delhi
population began to occur from the 12th, the additional
protective measures taken from the 13th onwards,
would have modified the process of infection in one of
two ways. Either the virus would have been completely

inactivated in which case the infection of the population
would have occurred before the 13th November or the
causative organisms would have undergone some
alteration in their virulence in such a way that it gets
reflected in the prolongation of the incubation period
and/or in the reduction of its pathogenecity. The
epidemic curve will provide positive evidence to show
whether massive infection occurred before the 13th and
whether there was any infection from 13th to 17th, and
if so, whether it was modified by the extra protective
measures adopted during that period. If massive
exposure had occurred on the 12th, the peak incidence
would have occurred after the usual mode incubation
period of 30 days. This will mean that the peak of the
epidemic curve would have been reached on or about
the 12th December. On the other hand, the peak
incidence was reached on the 26th December and the
peak of the epidemic curve covered a period of about 5
days. This means that the bulk of the exposure occurred
not before the 13th, but during the period from the 13th
to the 17th November. Such an assumption will explain
the longer incubation period consequent on the
pathogenecity of the virus being modified by increased
alum precipitation and superchlorination, and also the
longer period occupied by the peak of the epidemic
curve. It is possible that a small part of the epidemic was
due to infection occurring on the 12th and the remaining
due to exposure during the period from 13th to 17th.
Such an eventuality would have been reflected in the
epidemic curve having two peaks––a smaller one on the
12th and a higher one on the 26th. The epidemic curve,
no doubt, shows a small peak on the 12th but not
significantly high. That some amount of exposure had
occurred before the 13th is shown by the fact that a
small number of people who visited Delhi in November
and left the city before the 13th developed jaundice after
the normal incubation period. Amongst them there was
one who spent only a few hours on the 11th in Delhi and
who developed infectious hepatitis 30 days after
returning to his State. Two people who were in Delhi
from 4th to 12th and left on 13th November developed
the disease after 17 and 40 days, respectively. The
mode of incubation period amongst those who left Delhi
on or before the 13th November but stayed in Delhi on
the 11th and/or 12th, works out to about 30 days. The
number of cases, however, is too small to be statistically
significant. No doubt, they definitely show that some
infection did occur before the 13th November, though
the bulk of the infection occurred between 13th and
17th.

Water-borne epidemic reported in literature.—A
number of water-borne epidemic infectious hepatitis
have been reported in the literature although none of
them was of such a magnitude as the Delhi epidemic.
Hayward (1946) described a water-borne epidemic in
a municipal area where the water supply was derived
from a river, frequently contaminated by raw sewage
at a point near the intake site of the water supply
system. It was presumed that the drinking water
transmitted the disease even though the water was
chlorinated. Hallgren (1942) published an account of
epidemic hepatitis in Northern Sweden which was
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considered as water-borne—a corroded sewer having
contaminated the well from which the drinking water
was obtained. Neefe and Stokes (1945) refer to an
epidemic of infectious hepatitis, occurring in a large
summer camp for boys and girls, the outstanding
characteristics of which were—an unusually high
incidence of disease, higher total incidence in the
female than in the male group, predominance of the
early cases of the female groups and of the later cases
in the male group, simultaneous infection of a number
of persons at the camp who had not been in personal
contact with one another. They showed that the water
from a certain well seemed to be the medium of
transmission of the disease. This well had apparently
been contaminated by a nearby cess pool which received
the excreta of the first patient in the outbreak. The
transmission experiments conducted by them in
healthy volunteers indicated that the icterogenic agent
was present in the infected water, serum and faeces.
They concluded that the agent responsible for the
epidemic was water-borne; that the causative agent of
infectious hepatitis was excreted in the faeces of
persons with the disease; the oral administration of
serum produced the disease; that anything subject to
direct or indirect contamination with the faeces
provided a potential means of transmission of the
disease; and that these experimental observations
appeared to yield satisfactory evidence of the natural
transmission to man of any virus agent by water.

Rabe (1947) published a report of an epidemic,
occurring among the American population of a German
city. About a month before the outbreak, the water
supply was frequently found to be contaminated with
E. coli and diarrhoea was prevalent among both the
American and the German population. He, therefore,
suggested water-borne transmission as the cause of
the epidemic. Tucker et al. (1954) described an explosive
epidemic of infectious hepatitis occurring
approximately 3 weeks after a short outbreak of gastro-
enteritis. He thought hepatitis virus was transmitted
through water. Olin (1947) described an epidemic of
hepatitis occurring in a hotel which derived its water
supply from a small lake. The latter was contaminated
by sewage from the hotel at a point about 60 meters
from the water inlet. Harrison (1947) reported an
epidemic occurring in two companies of an infantry
battalion which obtained its water supply from a
contaminated well. An outbreak in ordnance units
was described by Potts (1947) who traced the infection
to a stream which received the raw sewage from four
German communities. Dohmen (1941) described an
epidemic of infectious hepatitis in a German army unit
located at a school in Paris. The water supply to the
school was heavily contaminated. Seven epidemics in
different communities, institutions and families in
Sweden have been described by Hallgren (loc. cit.) as
being water-borne. Fraser (1931) found that the
epidemic which affected 172 students in a college in
Cananda was preceded by gastro-enteritis epidemic
which almost simultaneously affected 600 students.
The first case of jaundice appeared from 18 to 35 days
after the gastro-enteritis outbreak. The epidemic was

traced to contaminated drinking water supply. Water
was drawn from a spring which had in its proximity a
drainage ditch 4 ft. below. On several occasions the
ditch-water was backed up and overflowed an area
immediately surrounding the east side of the spring.

SUMMARY AND CONCLUSIONS.
An explosive epidemic of infectious hepatitis

occurred in Delhi in the month of December 1955 and
January 1956 lasting for a period of about 6 weeks.
The clinical course and the natural history of the
disease conformed to the diagnosis of virus hepatitis.
Practically, all the areas in Delhi were affected though
the incidence showed significant variations
corresponding to the sources of drinking water supply
to the different areas. The epidemic curve is
characteristic of common source infection lasting for
a short period of about a week. Epidemiological and
other evidence point towards infection being carried
by the city water supply. The contamination with
sewage carried by the Najafgarh Nallah occurred at the
Wazirabad Waterworks in a progressively increasing
measure from the 4th to the 17th. The epidemic was
evidently caused by massive infection occurring from
13th to the 17th and partly on 11th and 13th November.
The pathogenecity of the icterogenic agent was, in all
probability, modified by the extra protective measures
taken during the period from 12th to 17th November,
1955. The incubation period for the disease during
this epidemic was consequently longer than usual.
Both sexes and all ages were affected. There was,
however, significant variation in the age incidence in
that the higher age groups were more commonly
affected than children below 15.

The fact that the epidemic occurred in spite of the
extra precautions taken by the Waterworks authorities
by way of alum precipitation and superchlorination
shows that the virus was not inactivated by such
measures, though some attenuation might have
occurred. The prevention of sewage contamination of
drinking water supply is the only sure way of avoiding
recurrence of such explosive water-borne epidemics of
virus infections, such as infectious hepatitis.
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Impact

In the fall of 1955, a confluence of unfortunate events resulted
in the largest epidemic of water-borne hepatitis recorded up to
that time. Unprecedented, severe summer flooding of the
Yamuna River, which runs through Delhi, India, was followed
by receding flood waters that caused re-channelling of the river
away from the water intake pipes of the Wazirabad water
treatment plant that supplied water to most of Delhi. This
allowed raw sewage from the Najafgarh Nallah (drain), which
collected sewage from a large low-income community, to flow
upstream into the water intake pipes of the treatment plant. It
was estimated that, at the height of the week-long contamination,
approximately 50% of the water flowing into the treatment
plant was raw sewage. Despite treatment of the water with
increased amounts of alum and chlorine, the contamination
caused over 29 000 cases of frank jaundice, involving
approximately 2.3% of the population at risk. The explosive
epidemic occurred during December of 1955 and January of
1956.

The magnitude of the epidemic caught the attention of the
Directorate General (DG) of Health Services, who mobilized
the available medical and academic resources in the area to
study the epidemic in an attempt to contain it. The responsibility
fell on Dr Raman Viswanathan, who was working in the
directorate at that time. Dr Viswanathan was a physician with
primary interest in diseases of the chest, who later rose to the
position of Director of the Vallabhbhai Patel Chest Institute at
the  University of Delhi. It appears that he had little or no
experience with hepatology or epidemiology. It is thus surprising
and creditable that Dr Viswanathan assumed primary
responsibility for the study, which used a multidisciplinary
approach utilizing epidemiology, clinical hepatology, obstetrics
and pathology. It resulted in a multi-article supplement to the
Indian Journal of Medical Research, published in January
1957. It was a tour de force encompassing 14 papers, five of
which were authored or co-authored by Viswanathan. The lead
paper was on the epidemiology of the epidemic and Viswanathan
was the sole author.1 The paper laid out the epidemic in its
entirety and, with the reports accompanying it, identified the
epidemiological characteristics of the aetiological agent. At
the time, only two hepatitis viruses were recognized, serum
hepatitis virus (hepatitis B virus, HBV) and infectious hepatitis
virus (hepatitis A virus, HAV), and very little was known about
either of them because there were no specific tests for them,
they could not be grown in cell culture and there was no
susceptible animal model. Although the aetiological agent was
assumed to be HAV, even at the time it was recognized that the
incubation period was longer than the presumed incubation
period of HAV. The characteristics of the epidemic disease
were that it was (i) water-borne, (ii) faecal–orally transmitted,
(iii) a common source epidemic, (iv) not readily spread from
person-to-person (there were few if any secondary cases), (v)
had an average incubation period of approximately 40 days,
(vi) had a peak clinical attack rate in the 15–39-year-old age
group, (vii ) had a mortality rate of slightly less than 1% in the
general population, but, (viii) over 10% in pregnant women,
with the most severe disease in the second and third trimesters
of pregnancy.

Little mention is made of the role of the Virus Research
Laboratory, Poona (Pune), India, in the investigation of the
epidemic, except to note that ‘Even the painstaking and
meticulous efforts made by the Poona Virus Research
Laboratory to culture the virus from the large number of
samples of materials collected during the epidemic have not
been successful so far.’ However, the Laboratory ultimately
played a very important role in unraveling the mystery of the
epidemic. After specific tests for diagnosing HAV and HBV
infections became available, my laboratory contacted Dr
Khorshed Pavri, the Director of the Virus Research Laboratory,
which had, in the interim, become the National Institute of
Virology. Dr Pavri had been a serologist in the laboratory at the
time of the epidemic. Dr Pavri was able to supply acute and
convalescent sera from 17 hepatitis patients who were infected
during the Delhi epidemic, as well as sera from two other more
recent Indian hepatitis epidemics. The Delhi sera had been
stored frozen for over 15 years. Tests revealed that none of the
three epidemics was caused by HAV or HBV.2 Similar results
were obtained by Dr Mohammed Sultan Khuroo for epidemics
of hepatitis in Kashmir.3 The results of these studies pointed to
the existence of another, previously unrecognized hepatitis
virus with characteristics similar to, but not identical to HAV.
It was called ‘epidemic non-A-non-B hepatitis virus’ (also
called ‘enterically transmitted non-A non-B hepatitis virus’) to
differentiate it from the then recently discovered transfusion-
associated non-A-non-B hepatitis virus (later, hepatitis C
virus). Three years later Dr Mikhail Balayan infected himself
with faecal material from similar hepatitis cases occurring in
Central Asia and demonstrated virus-like particles, not related
to HAV, in his faeces. He also transmitted the virus to
cynomolgus monkeys.4 In 1990 Dr Greg Reyes of Genelabs,
Inc. cloned the genome of the virus from an experimentally
infected cynomolgus monkey and it was renamed hepatitis E
virus (HEV).5 In 1994 Dr Vidya Arankalle, of the National
Institute of Virology, closed the epidemiological circle by
demonstrating a serological response to HEV in paired sera
stored from the Delhi epidemic, proving that HEV was the
aetiological agent of the epidemic, as well as the aetiological
agent of most other epidemics of hepatitis in India.6

The characterization of the Delhi epidemic by Viswanathan
proved to be extremely accurate: other epidemics and sporadic
cases of hepatitis throughout Asia had virtually identical
characteristics to the Delhi epidemic, and Viswanathan’s
treatise became a guide for understanding HEV, at least as it
relates to the original human HEV genotypes—genotype 1 and
genotype 2. Subsequent studies have revealed other HEV
genotypes (3 and 4) that infect humans but are principally
swine viruses; however, that is another story. There is no
record of Dr Viswanathan venturing into hepatology again and
scant evidence of his returning to epidemiology, a paper on the
epidemiology of asthma being the most notable exception.7

Instead, his career was dedicated to the study of the pulmonary
tract in all of its complexity. However, he retained an interest
in infectious diseases, and one of his last papers before his
death in 1982 was a discussion of the contributions of Robert
Koch in the centenary year of Koch’s discovery of the tubercle
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bacillus.8 Nevertheless, Viswanathan left an imprint on
hepatology, by introducing the world to one of the five
recognized human hepatitis viruses, a virus that many believe
is the single most important cause of acute clinical hepatitis
worldwide today.
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