So far, we have seen:

e A previously unrecognised virus has caused a large epidemic of haemorrhagic fever in
a remote region in Zaire.

e Cases began early in September, peaked towards the end of the month, and tapered off
during the month of October. The Yambuku Mission Hospital closed just after the
peak of the epidemic, although the relevance of this observation is not known.

e The case fatality ratio decreased as the epidemic progressed.

e All ages and both sexes in the epidemic area were affected. However, infants and
women aged 15-29 seemed to be most affected.

e Cases occurred in a number of villages in the epidemic area. The epicentre of the
epidemic was the town of Yambuku, where the mission hospital was located; there was
a striking association between decreasing village attack rates and increasing distance
from this village.

Question 10 At this point in the investigation, what mode of transmission of
this illness would you consider?

Question 11 What study design would you use to investigate these modes of
transmission? What hypothesis would you like to test?
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PART FOUR

A case-control study was undertaken to determine whether exposure to a case and/or exposure
to the Yambuku Mission Hospital were associated with development of disease. Data were
obtained from each confirmed and probable case, and from a control matched to each case by
age, sex, and village. The data were originally properly analysed in matched fashion, but are
presented unmatched to facilitate analysis in this case study. (The results are similar.)

Table 3a Exposure to Yambuku hospital among cases and
controls; haemorrhagic fever investigation, Zaire, 1976

Cases Controls
Exposure to
Yambuku hospital Yes 128 26
No 190 292
Total 318 318

Table 3b Exposure to persons with haemorrhagic fever (HF) among
cases and controls; haemorrhagic fever investigation,

Zaire, 1976
Cases Controls
Exposure to
person with HF Yes 192 30
No 126 288
Total 318 318
Question 12 Analyse these data by calculating a measure of association.

Is contact with the hospital a risk factor?
Is exposure to a person with haemorrhagic fever a risk factor?
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You will find the following odds ratios.
OR exposure to hospital = (128/190) / (26/292) = 76, p <0.0001

OR cxposure 10 person with HE = (192/126) / (30/288) = 14.6; p <0.0001

Both exposures appear to be risk factors for illness. However, further analysis is needed to
explore how they may be related to each other.

Question 13 How might you disentangle the effects of the two exposures?
Draw the dummy tables.
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The most straightforward method for disentanglement is stratification. This can be done with
two 2-by-2 tables to look for confounding and/or effect modification. Forty-three cases and 4
controls were exposed both to the hospital and to a person with haemorrhagic fever. The first
possibility is to stratify according to exposure to the hospital.

Tables 4
Exposed to hospital
Exposed to a case Cases Controls
Yes 43 4
No 85 22

OR 2.8, 95% CI 0.9-8.6

Not exposed to hospital
Exposed to a case Cases Controls
Yes 149 26
No 41 266

OR 37.2, 95% CI 21.9-63.2

The second possibility is to stratify according to exposure to a case of haemorrhagic fever.

Exposed to a case

Exposed to the hospital Cases Controls
Yes 43 4
No 149 26

OR 1.9, 95% CI 0.6-5.7

Not exposed to a case

Exposed to the hospital Cases Controls
Yes 85 22
No 41 266

OR 25.1, 95% CI 14.1-44.4

Question 14 What do you learn from the stratified analysis?
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From these tables it is easy to see that the stratum-specific odds ratios are unequal. Thus, there

is effect modification (i.e. the effect of exposure on disease is changed by the level of another
variable).

An alternative way to disentangle the effects of the two exposures is to make a 2-by-4 table as
shown below. In this table, the odds ratio for each row is calculated using a reference group
with no exposure to either factor.

Table 5
Eig:;ii;m E;ﬁfzzgeto Cases Controls Odds ratio
yes yes 43 4 69.1
yes no 85 22 25.1
no yes 149 26 37.2
no no 41 266 reference
318 318

From this table it is clear to see that each factor is strongly associated with disease
independently of each other and that their combined effect is even stronger.
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The following graph presents the distribution of incubation periods among the 318 confirmed
and probable cases.

Distribution of cases by incubation period

_Number of cases

100

80 L

60 -

40-

20 -

012345678 9 1011121314151617181920
Day
Question 15 Describe and interpret the graph.
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PART FIVE - CONCLUSION

The investigators conducted a case-control study within the hospital to identify factors
associated with spread of infection. All 85 cases who had contact with the Yambuku mission
hospital but not with another case had received one or more injections at the outpatient service
or the general medical wards. Fewer than 1% of controls had received injections at the hospital
during the epidemic.

The index case occurred in a 44-year-old male instructor at the mission school who presented
to the outpatient clinic at Yambuku Mission Hospital on August 26th with a febrile illness
thought to be malaria. This man had recently returned from a tour of the Mobaye-Bongo Zone
in the northern equator region. He was given chloroquine by parenteral injection on 26 August.
His symptoms worsened on September 1st, and he died on September 8th.

The next 9 cases which occurred during the first week of September were all among
individuals who received injections at the outpatient clinic of the hospital. In total, 22 of the
60 females in the 15-29 year old age group acquired their disease by injection, most of which
were administered at antenatal visits. Only two of the 33 male cases age 15-29 years acquired
disease through this mode of transmission.

Investigations revealed that parenteral injection was the principal mode of administration of
nearly all medicines at the mission hospital; each morning five syringes and needles were
issued to the nursing staff for use at the outpatient department, the antenatal clinic, and the
inpatient wards. These syringes and needles were apparently not sterilised between use on
different patients, but rinsed in a pan of warm water instead. At the end of the day they were
sometimes boiled. The surgical theatre had its own supply of instruments, syringes and
needles, which were stored separately and autoclaved after use.

Virus transmission was interrupted by stopping injections and by isolation of patients in their
villages. Use of protective clothing and respirators, strict isolation of hospitalised patients, and
careful disposal of potentially contaminated fomites may also have helped in controlling the
epidemic.

The virus responsible for this illness was named Ebola virus, after the name of a small river a
few kilometres from Yambuku. Studies in Zaire, Sudan, Central African Republic and
Cameroon are investigating the nature of this disease, which since 1976 has been shown to be
endemic in the Congo river basin. An epidemic of Ebola disease occurred in southern Sudan in
1979 and consisted of 33 confirmed cases with a case fatality ratio of 67%. The low frequency
of person to person transmission of Ebola virus (only by direct contact with infected blood or
other body fluids), along with the high case fatality, indicates that the agent probably has an
animal or some other reservoir in nature, although animals and insects appeared to have no
role in transmission during the epidemic.

The International Commission was disbanded on January 1977 following an investigation
involving hundreds of persons and costing more than one million US dollars. The following
recommendations were made to the Government of the Republic of Zaire:
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1. Maintain active national surveillance for acute haemorrhagic disease. Require regular
positive and negative reporting. Investigate all suspected cases and take appropriate action
including collection of diagnostic specimens, institution of clinical isolation procedures,
and the use of protective clothing for medical personnel.

2. Distribute pertinent information to medical and other personnel participating in
surveillance and update this material by appropriate documents.

3. Organise a national campaign to inform health personnel of the proper methods for
sterilising syringes and needles in order to ensure that patients are not infected with
diseases from other patients as a result of poor technique.

4. Maintain a list of experienced Zairian personnel so that the appropriate action can be
taken without delay in the event of a new epidemic.

5. Maintain a stock of basic medical supplies and protective clothing for use in suspected
outbreaks.

6. Keep plasma from immune donors in readiness and keep records to enable the
effectiveness of this treatment be determined.
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