
Prepared by Donald J. Dunsmore 

~ WORLD HEALTH ORGANIZATION ·GENEVA 



Safety Measures for Use in Outbreaks of Communicable Disease 



WHO AUTOMATIC TELEX REPLY SERVICE 
for 

Latest Available Information on Communicable Diseases 

Telex Number 28150 Geneva 

Exchange identification codes and compose : 
ZCZC ENGL (for reply in English) 
ZCZC FRAN (for reply in French) 



SAFETY MEASURES FOR USE 
IN OUTBREAKS OF 

COMMUNICABLE DISEASE 
Prepared by 

DONALDJ.DUNSMORE 

Public Health Service, 
United States Department of Health and Human Services, 

Rockville, MD, USA 

• ~..,~ 
WORLD HEALTH ORGANIZATION 

GENEVA 
1986 



ISBN 92 4 154 206 3 

©World Health Organization 1986 

Publications of the World Health Organization enjoy copyright protection in accordance w1th the 
proviswns of Protocol 2 of the Universal Copyright Convention. For rights of reproduction or trans
lation of WHO publications, in part or in toto, application should be made to the Office of Publi
cations, World Health Organization, Geneva, Switzerland. The World Health Orgamzation welcomes 
such applications. 

The designations employed and the presentation of the material in this publication do not Imply the 
expression of any opinion whatsoever on the part of the Secretariat of the World Health OrganizatiOn 
concerning the legal status of any country, territory. city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. 

The mention of specific companies or of certain manufacturers' products does not imply that they 
are endorsed or recommended by the World Health Organization in preference to others of a similar 
nature that are not mentioned. Errors and omissions excepted, the names of proprietary products are 
distinguished by initial capital letters. 

The author alone is responsible for the views expressed in this publication. 

TYPESET IN ENGLAND 

PRINTED IN BELGIUM 

86'6336- L1Hcra Scnp1.a/Ceutcnd- 8000 



Contents 

Preface 

1. Actions to be taken in an emergency 
Decision tree 
1.1 Initial diagnosis and investigation 
1.2 Informing appropriate local and national officials 
1.3 Sanitary cordon 
1.4 Steps for immediate patient isolation and care 

2. Isolation of patients 
Decision tree 
2. 1 Room for isolation of a single patient 
2.2 Room for isolation of several patients with the same disease 
2.3 Furniture and equipment for an isolation room 
2.4 Furniture and equipment for the anteroom and toilet 
2.5 Control of isolation-room traffic 
2.6 Ventilation of the patient-room 

3. Personnel protection 
Decision tree 
3. 1 General concepts 
3.2 Hand-washing procedure 
3. 3 Eye and respiratory protection 
3.4 Protective clothing 

4. Isolated patient care 
Decision tree 
4.1 General procedures for handling items in the patient-room 
4. 2 Procedure for terminal cleaning 

v 

Page 

3 
4 
5 
5 
5 

9 
10 
11 
12 
13 
13 
14 

15 
16 
16 
17 
18 

23 
24 
30 



5. Transportation of a patient 
Decision tree 31 
50 1 Circumstances necessitating the transportation of a patient 32 
502 Planning the transportation route 32 
50 3 Protection of medical attendants 33 
5.4 Selecting a vehicle 33 
505 Preparing the vehicle for transportation 34 
506 Decontamination of vehicle after transportation 34 
507 Patient transport isolator 34 

6. Specimen collection and shipment 
Decision tree 37 
601 General considerations 38 

60101 Contingency planning 38 
60102 Kits for collection of specimens 38 
60103 Communications prior to shipping specimens 41 

602 Obtaining specimens 41 
60201 Selection of receptacle 41 
60202 Closure of receptacle 42 
60203 Safety precautions 42 

603 Removing specimens from the isolation room 43 
6.4 Packaging for transport 44 

60401 Where to send specimens for diagnosis 44 
6.402 Method of transport 44 
60403 Methods of preservation 45 
6.4 .4 General packaging instructions 46 
6.405 Packaging for volumes of less than 50 ml 47 
60406 Packaging for volumes of 50 ml or greater 49 

605 Package labelling 49 
60501 Information for the diagnostic laboratory 49 
60502 Shipping documents 50 

606 Leaking packages 53 
607 Receipt of package 54 

60 7 01 International shipment 54 
60 7 02 Notification of receipt to sender 54 

7. Decontamination 
Decision tree 55 
7 0 1 Introduction 56 
702 Methods 56 

7 0201 Precautions 56 
70202 Procedures 57 

703 Chemical disinfectants 61 
7 0 3 0 1 Alcohol 62 
70302 Chlorine 62 
70303 Formaldehyde 63 

Vl 



7. 3.4 Iodine (iodophors) 
7.3.5 Phenol 

7 .4 Decontamination with heat 
7 .4.1 Steam under pressure 
7.4. 2 Boiling 
7.4.3 Dry heat 

7.5 Decontamination with formaldehyde 
7. 5. 1 General considerations 
7. 5. 2 Generation from formalin 
7. 5. 3 Generation from paraformaldehyde 
7. 5.4 Exposure 
7. 5. 5 Safety considerations 
7. 5. 6 Removal of formaldehyde gas after decontamination 

7. 6 Calculation of concentrations for decontamination solutions 
7.6.1 Making liquid solutions from dry materials 
7 .6.2 Diluting concentrated solutions 
7 .6.3 Converting from weight per unit volume to % concentration 

7. 7 Relationships between units of measurement 
7. 7.1 Conversion factors 

8. Disposal of contaminated items 
Decision tree 
8. 1 General principles 

8. 1. 1 Contamination control 
8 .1.2 Accessibility control 
8.1.3 Field methods 

8.2 Dry contaminated waste disposal 
8.2.1 Incineration 
8.2.2 Burial 

8.3 Liquid contaminated waste disposal 
8.3.1 Community sewer system 
8. 3. 2 Septic tank 
8.3.3 Chemical toilet 
8. 3 .4 Latrine 

9. Laboratory 
Decision tree 
9.1 Need for laboratory safety 
9. 2 Medical surveillance of laboratory staff 
9. 3 Establishing a temporary laboratory 

9. 3. 1 Selecting a room 
9.3.2 Organizing the room 
9.3.3 Ventilation 

9.4 Safety precautions in the temporary laboratory 
9.4. 1 Personnel protection 

Vll 

64 
64 
65 
65 
66 
66 

66 
66 
66 
67 
67 
67 
68 
68 
68 
69 
70 
71 
72 

73 
74 
74 
74 
74 
75 
75 
77 
77 
77 
77 
77 
77 

79 
80 
81 
81 
81 
81 
82 
82 
82 



9.4.2 Operational safety precautions 
9.4. 3 Safety equipment 
9.4.4 Decontamination 

10. Insect and rodent control 
Decision tree 
10.1 General considerations 

10.1.1 Importance of control 
10.1.2 Air transportation 
10.1.3 Control during epidemics 

10.2 Control methods 
10.2.1 Sanitation methods 
10.2.2 Pesticides 

11. Autopsy 
Decision tree 
11. 1 Personnel protection 
11.2 Body wrapping 
11.3 Autopsy procedures 
11.4 Operating-room decontamination 
11.5 Operating-room ventilation 

12. Burial procedures 
Decision tree 
12.1 General considerations 
12.2 Preparation for burial 
12.3 Burial ceremonies 

Annex 1. Addresses of WHO Headquarters and Regional Offices 

viii 

83 
83 
84 

87 
88 
88 
88 
89 
89 
89 
91 

93 
94 
94 
94 
95 
95 

97 
98 
98 
98 

99 



Preface 

Since its foundation in 1948, the World Health Organization has provided assistance 
to national authorities in the investigation and control of emergencies caused by out
breaks of communicable disease. Particular interest in the methodology of conducting 
such operations was revived following the emergencies caused by Lassa fever and 
Marburg and Ebola virus diseases in the 1970s. 

Between 1979 and 1983, the Division of Communicable Diseases of WHO organized 
a series of consultations to formulate comprehensive measures for the surveillance 
and control of viral haemorrhagic fevers and other "exotic" diseases. Early in these 
discussions, it became evident that there was no single authoritative guide on safety 
measures to be applied in the field in the event of a communicable disease emergency. 
The available information was scattered through various WHO documents and re
ports, national codes and guidelines, correspondence, and other reference material. 
Furthermore, WHO staff and consultants who had been involved in investigations of 
outbreaks or epidemics stressed the need for a field guide to provide basic practical 
safety advice for the protection of the investigator(s) first on the scene, hospital and 
laboratory staff, and the general public. 

This manual is a compilation of recognized safety measures and procedures for use in 
the field and describes how locally available facilities may be adapted for emergency 
use. It complements the information given in Public health action in emergencies caused 
by epidemics-A practical guide prepared by Dr P. Bres and published by WHO, 
which describes in detail the public health action required to control disease outbreaks. 

The safety measures are presented in a logical step-by-step sequence incorporating a 
modified decision-tree approach, which is summarized for each topic at the beginning 
of the appropriate chapter. Each step or action is cross-referenced to other applicable 
steps or actions, thus permitting prompt decision-making and appropriate action using 
available facilities and materials. 

The World Health Organization particularly wishes to thank Mr Donald J. Dunsmore 
for the time and effort he has given to reviewing the vast amount of available infor
mation and assembling it into this practical guide. The Organization is also indebted to 
the following people who provided useful information and reviewed the early drafts of 
the guide: Mr J. Barnum, Industrial Training Corporation, Rockville, MD, USA; Dr 
P. Bres, formerly Chief, Virus Diseases, WHO, Geneva, Switzerland; Dr A.J. Clay
ton, Laboratory Centre for Disease Control, Ottawa, Canada; Dr J. Etienne, Institute 
of Tropical Medicine of the Army Health Service, Marseilles, France; and Professor 
L. Eyckmans, Prince Leopold Institute of Tropical Medicine, Antwerp, Belgium. 





1 . Actions to be taken in an emergency 

First actions • 

INFORMING AND COORDINATING WITH LOCAL AND NATIONAL OFFICIALS 

Sanitary cordon? 

~-----=----------~-::--~~ 
IMMEDIATE PATIENT ISOLATION AND CARE 
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1. Actions to be taken in an emergency 

An epidemic of an infectious or parasitic disease is defined as the occurrence of a 
number of cases of a disease, known or suspected to be of infectious or parasitic origin, 
that is unusually large or unexpected for the particular place and time. An epidemic 
often evolves rapidly and requires a rapid response. 

The characteristic elements of an emergency caused by an epidemic, or threatened 
epidemic, include the following, although not all need be present and judgement must 
be exercised in the interpretation of their importance: 

(a) the disease involved is of such severity as to lead to serious disability or death; 
(b) a large or increasing number of cases is observed or may reasonably be expected 

to occur; 
(c) there is a risk of introduction or spread of the disease to involve new cases or 

population groups; 
(d) there is a danger of international transmission; 
(e) there is a risk of social or economic disruption from the introduction, continued 

presence, or spread of the disease; 
(f) national authorities are unable to cope adequately with the situation because of 

lack or insufficiency of: 
• technical or professional personnel 
• organizational experience 
• necessary supplies or equipment (drugs, vaccines, laboratory diagnostic materials, 

vector control materials, etc.). 

1.1 Initial diagnosis and investigation 

The public health officer investigating any situation that may involve a communi
cable disease is faced with the problem of taking swift action to contain such disease, 
while avoiding causing unnecessary alarm among the local population. It is thus im
portant to obtain an accurate diagnosis as soon as possible. Detailed information on 
public health action needed to control disease outbreaks is given in Public health action 
in emergencies caused by epidemics-A practical guide prepared by Dr P. Bres and 
published by the World Health Organization. 
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Actions to be taken in an emergency 

1.2 Informing appropriate local and national officials 

At the earliest possible time the investigating officer should report his findings to the 
appropriate local or national authority and take other actions as directed in the national 
contingency plan. An announcement of an emergency should be made only after a com
plete assessment of the situation by appropriate public health authorities. Since such 
action sets in motion many organizations and activities and may alarm the public, it 
should not be taken unless absolutely necessary. 

1.3 Sanitary cordon 

In extreme situations it may be necessary to establish a sanitary cordon (or quarantine 
zone) in or around a community. This will involve the coordinated efforts of several 
public service groups to inform the people affected, control water and food supplies, 
regulate the movement of people into and out of the community, and establish medical 
services. The best method for achieving such coordination is to develop a contingency 
plan before the emergency occurs. This will entail obtaining the proper equipment and 
supplies and keeping them in good working order. In addition, the people who would 
be required to respond to any emergency must be assembled and given appropriate 
training. 

1.4 Steps for immediate patient isolation and care 

The following is a list of the basic steps that need to be taken for the immediate con
trol and investigation of the emergency, although not all the steps will apply to every 
situation. More detailed descriptions of the various activities will be found in later 
sections. The steps are shown diagrammatically in Fig. 1, on the next page. 

1. The patient(s) should be isolated immediately and appropriate medical care estab
lished. The degree of isolation will depend on the diagnosis; more precautions are re
quired for virulent communicable diseases than for less dangerous diseases. At the same 
time, provision should be made for the protection of medical attendants. 

Until a medical routine is established for the patient and adequate protective measures 
can be taken, the patient should not be allowed visitors. When visitors are allowed, a 
record of their visits should be kept. 

Specimens for laboratory analysis should be obtained from the patient and shipped 
to appropriate laboratories. 

2. The necessity and advisability of transporting the patient should be considered 
and discussed with the appropriate authorities. It may be inadvisable to transport the 
patient (see "Transportation of a patient", p.32). 

3. The patient's relatives and other people who have had recent contact with the 
patient should be located and kept isolated until the nature of the disease and its mode 
of transmission are known and until they have been checked for symptoms. 

5 



Actions to be taken in an emergency 

Fig. 1. Steps for immediate patient isolation and care 
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STEP 5 ~r 
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the size of 

the outbreak 
community 
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4. If the patient is on a journey or has recently travelled, efforts should be made to 
retrace his or her steps and obtain objects that may be contaminated, so that they can 
be cleaned or destroyed. 

5. Local health authorities (or, if necessary, people designated by the medical 
officer) should inquire throughout the community (starting near the patient's home 
and working outward in circles) whether anyone has symptoms similar to those of the 
patient. Anyone reporting such symptoms should be seen by a medical officer as soon 
as possible. Each person involved in this inquiry should keep a record of the location 
of the homes visited, the names of the occupants, whether they report symptoms, and 
the time the record is made. 

If the patient is conscious, he or she should be questioned about recent movements 
and any data pertinent to the disease transmission should be obtained and written 
down. These data will aid health authorities in finding the source of the infection. 
This should be done as soon as possible because the patient may not be able to answer 
questions if the disease becomes severe. 
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Actions to be taken in an emergency 

6. Communications with the appropriate authorities should have been established 
while all the above steps were being taken. It is important, however, to emphasize that 
information obtained from the patient (step 3) and others (step 4) about people who 
may have been in contact with the patient and left the immediate vicinity should be 
relayed to the authorities immediately. 
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2. Isolation of patients 

Isolation facility 

SINGLE PATIENT 

MULTIPLE PATIENTS 

FURNISHINGS AND EQUIPMENT 

RESTRICTIONS (TRAFFIC CONTROL) 

VENTILATION 

9 



2. Isolation of patients 

This chapter illustrates and describes the facilities and equipment needed for single 
and multiple patient isolation. Ideally, the room to be used for isolation should be pre
pared beforehand, and anything that is not essential to patient care should be removed 
before the patient is brought to the room. It is especially important to remove or cover 
rugs. If this initial preparation is not possible, all non-essential items may be stored in 
a corner of the room. These items should be decontaminated after the patient leaves 
the room (see "Procedure for terminal cleaning", p.30). If a special isolation room is 
not available, the principles described here should be applied to improvise an isolation 
facility. 

2.1 Room for isolation of a single patient 

(a) Ideal arrangement 
For strict physical isolation, the patient should be in a single bedroom with adjoin

ing toilet, accessible only from the bedroom. The room should be separated from the 
other rooms in the building by an anteroom (see Fig. 2). 

Fig. 2. Ideal arrangement for isolation of patient 

Toilet Pat1ent-room 

10 

Ao•room~ 

WHO ~31113 
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Isolation of patients 

(b) Adaptation of an existing room 
If ideal facilities do not exist, they can be improvised by adapting an existing room 

or even by isolating the patient in a separate building (see Fig. 3). 

Fig. 3. Improvised arrangement for isolation of patient 

Patient-room 

' 

Doors or curtams 
(kept closed) 

Door opens to building 
corndor or outs1de 

Temporary walls made'" B 
room by using curtams, metal Tmlet 
or wood panels, or furniture 

ExiStmg walls Isolated lor recerpt of 
patron! waste (bedpans, etc.) 

WHO/J311/1 

2.2 Room for isolation of several patients with the same disease 

Two or more patients with the same disease may be accommodated in one room, 
equipped as shown. The beds should be separated by curtains, which should preferably 
be of plastic, although cloth (cotton) curtains may also be used. 

It is mandatory for the nurse or attendant to wash his or her hands and change 
gloves between patients (see "Hand-washing procedure", p.16). 

Fig. 4. Arrangement of room for isolation of several patients with the same disease. 
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Bed Bed 
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Isolation of patients 

2.3 Furniture and equipment for an isolation room 

Fig. 5. Furniture and equipment needed for an isolation room 

Place bed as far 
from door as Bed 
possible____._ 

Decontamination procedures 
or bagging for contaminated items 

I 

For storage and preparation 
of "clean" items 

Small container for dry 
contaminated waste 
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Container or bags lor: 

----Dry contaminated wastes 

Liquid contaminated wastes 

-Contaminated linens or patient's 
clothing 

I 
I 

t-1 
Anteroom 1- (Description of anteroom 

f and toilet follows) 

In addition to a small receptacle for dry contaminated waste next to the bed, three 
larger containers for contaminated articles should normally be provided-one for dry 
contaminated wastes, one for liquid contaminated wastes, and one for contaminated 
linen or clothing. However, liquid contaminated wastes may be put into the dry con
taminated wastes container (or bag) if it contains sufficient dry absorbent materials. 
A container for liquid contaminated wastes may not then be necessary. 
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Isolation of patients 

2.4 Furniture and equipment for the anteroom and toilet 

Fig. 6. Furniture and equipment needed for the anteroom and toilet 

Double· 
bagging 
station (or 
dunk tank) 

_To patient·· 
room 

- Food transfer 
-Medical sample Table 

packing 
- Decontammation 

solutions 

Supplies 

Contaminated 
clothing container 

Toilet Hand·washmg 
and bedpan 
decontamination 
station 

2.5 Control of isolation-room traffic 

WHO ~31116 

Personnel protective 
clothing storage and 
changing area 

No visitors should be allowed in an isolation room. The only persons admitted 
should be those providing treatment for the patient. 

Doors or curtains to the anteroom or patient-room should be kept closed as much 
as possible. Only persons delivering supplies or food should be allowed into the ante
room. They must be taught what they can and cannot do in the anteroom. Untrained 
personnel should only bring supplies to the outside of the anteroom. 

The door to the patient-room (or anteroom) should be away from any traffic to other 
parts of the building (or hospital), not associated with isolation-room traffic. Where 
this is not possible, rerouting of unnecessary traffic should be considered. 
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Isolation of patients 

2.6 Ventilation of the patient-room 

• Control of air flow direction is important when the disease may be transmitted 
through the air (aerosols). 

• Air circulation devices (i.e., fans) should not be used in the patient-room unless 
absolute! y required for the patient's welfare. 

• Strong air currents near the patient should be avoided. 

• Where only natural ventilation is available, screens should be placed over windows 
and doors. A fan placed in a screened window to extract air from the patient-room will 
help establish the proper air flow pattern. (This should not be done if a public walk
way or other public place is outside the window.) 

• If forced ventilation (supply and exhaust) is present in the patient-room but air 
flow through the door is in the wrong direction, reducing the supply by taping paper 
over the supply vent will create a negative pressure in the room with respect to the 
outside, and hence change the air flow direction. 

How to test the air flow pattern 
Partially open the door (or curtain) to leave a gap about 25 mm wide. On the out

side of the door, hold a lighted cigarette or a narrow strip (5-10 mm) of tissue paper 
suspended from one end (or from a thread). Observe the direction of air flow through 
the gap. 

If measuring equipment is available, measure the volume of air passing through the 
exhaust vent(s). The volume of air passing through is considered adequate if in 1 hour 
it equals 6 times the volume of the room (i.e., 6 air changes per hour). 

Fig. 7. Direction of air flow through the patient-room 

Air flow through 
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Patient-room 
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3. Personnel protection 
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3. Personnel protection 

3.1 General concepts 

• The patient should receive every element of normal medical care-but carried out 
with caution. 

• No visitors should be allowed in an isolation area. 

• Staff attending the patient must wear protective clothing at all times. 

• All hospital support staff, including laundry staff, janitors, repair men, etc., 
must take every precaution to avoid direct contact with patients, their body discharges, 
and diagnostic samples. Gloves must always be worn and hand-washing rigorously 
observed (see Fig. 8). 

• Airborne particulate matter discharged by the patient (through sneezing or cough
ing), or by the activities of medical staff, may carry the disease agent. Medical staff 
(and others) must be protected from inhaling these particulates (see "Eye and respir
atory protection'' , p. 17). 

• The disease agent may penetrate clothing through the medium of water or other 
liquids. Therefore, waterproof protective clothing must be worn (see "Protective 
clothing", p.l8). 

3.2 Hand-washing procedure 

Hand-washing is the primary barrier to the transmission of infection from patient 
to doctor, nurse, or other attendant, as well as to other patients, staff, or public, and 
vice versa. Gloves should always be worn when attending to an isolated patient and 
his equipment, supplies, and environment. Hands should be washed before and after 
attending to a patient-even if gloves are worn. 

16 



Personnel protection 

Fig. 8. Steps of the hand-washing procedure 

Rinse hands in -+ Wash hands in ~ Rinse hands in 
decontamination solution soap and water 0 clean water 
( 0.5% chlorine solution) 

I 
~, 

Container for used 
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a The use of a foot-operated soap dispenser and disposable paper towels is recommended. 

3.3 Eye and respiratory protection 

Fig. 9. Masks for eye and respiratory protection 

Minimal 
protection 

j 

j 

j 
Ideal 

protection 

Washable surgical face mask and goggles, 
glasses, or face shield. 

Disposable paper surgical mask and 
goggles, glasses, or face shield. 

Half-face mask with high-efficiency 
particulate air (HEPA) filter and full-face 
plastic visor or shield. 

Full-face respirator with HEPA filter. 

Full-face respirator with back-pack air 
supply - pressurized tank (s) or portable 
pump with HEPA filter. 

17 

Moist surgical masks 
should be changed 
immediately -in the 
anteroom. The disease may 
be transmitted through a 
wet mask. 

Face masks must fit 
securely. No facial hair 
is permitted where mask 
seals to face. (Where 
a beard has religious 
significance, it may be 
trimmed where the mask 
seals to the face.) 



Personnel protection 

3.4 Protective clothing 

Information and procedures for the selection, putting on, and removal of protective 
clothing are shown in diagrammatic form in Fig. 10 to 13. Correct removal of pro
tective clothing prevents potentially contaminated surfaces from touching the wearer's 
bare hands, face, or uncontaminated materials or equipment. 

Min1mal 
protection 

j 

j 

j 

Ideal 
protection 

Fig. 1 0. Guide to the selection of protective clothing 

Large plastic bag (in l1eu of apron). 

Smaller plast1c bags for: 
hood 
booties 
gloves 

Trouser legs and shirt 
sleeves should be tied 
closed at ankles and wrists. 

Washable surgical gown with rubber or Gloves and shoe covers 

plast1c apron should be tied outs1de of 
trouser legs and sleeves. 

Latex gloves 
The medical officer in 
charge should decide if the 
shoe covers are necessary 
-according to the disease 

Disposable and water-resistant bemg treated. 

-gown 
-trousers 
- head covers 
-shoe covers (booties) 
-surgical gloves 
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Personnel protection 

Fig. 11 . General procedure for putting on protective clothing 

Put on trousers 
Tie trouser 
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I 
Put on shoe Tie shoe 

coverings coverings over 
(if required) trouser legs 

I 
Put on gown Tie sleeves 
and apron at wrists 

I 
Put on head 
cover (cap) 

I 
Put on gloves Tie gloves over 

shirt sleeves 

I WH0831102 

Put on eye or 
respiratory 
protection 

If the procedure shown in Fig. 11 is followed it will facilitate the removal procedures 
shown in Fig. 12 and 13. 
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Fig. 12. Removal of protective clothing- minimum procedure a 
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Fig. 13. Removal of protective clothing- ideal procedure 
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4. Isolated patient care 
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4. Isolated patient care 

4.1 General procedures for handling items in the patient-room 

Traffic in and out of the patient-room should be kept to a minimum. All items in 
the patient-room should be treated as if contaminated, and should not be removed 
from the room unless this is absolutely necessary. 

A double-bagging procedure should be used for all items taken out of the patient
room. In this procedure, the contaminated item is sealed into a bag in the patient-room. 
This bag is then taken into the anteroom and carefully placed into a second clean bag. 
The outside surface of the second bag is wiped with a cloth soaked in decontamination 
solution before being taken outside the anteroom. 

The items in the patient-room fall into four categories: 

(a) Items to be kept in the patient-room and reused there 
These items are used for patient care and are decontaminated, cleaned, and stored 

in the room. The decontamination solution and other cleaning materials are double
bagged and sent for disposal. See Fig. 14 for an example procedure for clinical ther
mometers. 

(b) Items that must be sent for disposal 
Items that come into this category include the contents of the bedpan and the bags 

or other containers holding waste material, e.g., used decontamination solution. Be
cause high concentrations of the disease agent are likely to occur in urine, faeces, and 
vomitus, correct handling of the bedpan is of the utmost importance. Fig. 15 on p.26 
shows the procedure for removing the bedpan from the patient-room and taking it to 
an outside toilet or latrine. If a toilet is in, or adjacent to, the patient-room, the general 
procedure outlined in Fig. 15 still applies, but the steps involving the plastic bags 
should be omitted. 
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Fig. 14. Procedure to be used for the handling of thermometers 
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Fig. 15. Procedure for disposal of bedpan contents for rooms with outside toilet 
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a Normally use sodium hypochlorite solution. The volume of decontamination solution should be at least twice the volume of 
liquid in the bedpan. 

b Gloves, face mask, and gown should be worn while emptying the bedpan. 
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Fig. 16. Procedure for the handling of needles and syringes 
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a Reusable needles and syringes should be used only if disposable needles and syringes are not available. 
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Fig. 17. Procedure for handling of food and food utensils 
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a If there IS more than one patient in the isolation area, mark the plates and utensils for each patient and store them separately. 
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Fig. 18. Procedure for handling of linen, bedding, or clothing 

PATIENT-ROOM ANTEROOM EXTERIOR 

s;rt 
Used linens, Bag for contaminated 

bedding or clothing. linen, bedding or 0 isposal by 
Remove bedding r clothing b incineration 
carefully-avoid Avoid blowing (chapter 8) 

spreading fluff a air from the bag Place in clean ~~ S» 
second bag and ~ ~<::' 

l label bag ~ .,..,~ 
;{? v 

c::.'" ~ 
·~ Sl>' 

<:::>' 'S-<::' 
~ 

"<:) 

Sterilize in bags 
Close bag Reusable 

1--------- by autoclav ing or 
and tie linens, bedding, boiling (chapter 7) 

or clothing 

l 
I Store for \~ Open bags 

l reuse and launder 
~-

WHO 831103 

a "Fluffing" bedding or linen could release contaminated particles into the air. 

b A water-soluble bag may be used, if available. The bag and contents can then be put directly into wash-water with a strong 
sodium hypochlorite solution before laundering. 
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Isolated patient care 

(d) Items not needed for patient care 
All items, such as personal effects, that are not needed for patient care, should ideally 

be removed from the room before the patient is brought into it. If this is not possible, 
all such items should be kept away from the patient as much as possible; they should 
be treated as being contaminated and kept in the room until the patient has left. 

4.2 Procedure for terminal cleaning 

Everything remaining in the patient-room after the patient has left, including per
sonal effects and items not necessary for patient care, must be considered contaminated 
and must be decontaminated before they may be used by unprotected persons. Decon
tamination and c1eaning procedures for individual items are described in Chapter 7, 
p.57. All personnel involved in terminal cleaning must wear protective clothing, as 
described on page 18. 

The following steps should be taken before any other person is allowed to use the 
room. When removing items from the room, the procedures outlined in this chapter 
should be followed; however, it would be efficient to set up a decontamination and 
cleaning station for small items, at the door of the patient-room. 

Steps for terminal cleaning 

• Remove and clean small items. 

• Empty receptacles into a bag and send contents for disposal. 

• Remove receptacles. 

• Remove equipment. 

• Remove small furniture. 

• Remove mattresses and pillows. These should preferably be incinerated as described 
in Chapter 7, p.57. 

• Wash and decontaminate bed. 

• Wash walls. 

• Wash floor. 

• Aerate room. 

30 



5. Transportation of a pa ient 

Patient transportation 

GENERAL CONSIDERATIONS I 

PLANNING TRANSPORTATION ROUTE I 

PROTECTION OF MEDICAL ATTENDANTS I 

SELECTING A VEHICLE TO USE I 

PREPARING THE VEHICLE I 

DECONTAMINATION OF VEHICLE I 

~ PATIENT TRANSPORT ISOLATOR I 

31 



5. Transportation of a patient 

5.1 Circumstances necessitating the transportation of a patient 

The decision to move a patient suffering from a communicable or unusual disease 
must be made by a medical officer. Circumstances in which moving a patient may be 
desirable include the following: 

• adequate care is not available at the patient's location; 

elocal facilities are not adequate for the isolation of the patient; 

• hospitalization is necessary to reduce the risk of exposure of family members; 

• centralization of patient care is necessary because an epidemic is under way. 

The decision to move a patient must also take account of his or her condition, 
which may be worsened by the stress of travel. 

Patients with suspected or proven yellow fever should not be moved out of the 
infected zone. 

5.2 Planning the transportation route 

Once the decision to move a patient has been made and the receiving facility identi
fied, the transportation route should be planned with the following points in mind: 

• Use of an aircraft should be considered if the condition of the patient requires a 
short trip, or if the trip by ground transport will take more than 8 hours. 

elf the patient's location is not accessible to aircraft, the ground journey to the 
facility, or to a place where an aircraft is available, should follow the guidance given 
in this chapter. 

• The ground route should be selected in consideration of the patient's condition; 
it should be the shortest distance that is safe, smooth, and provides the fewest risks to 
the general population. 
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Transportation of a patient 

• Local authorities and medical staff from the selected medical facility should help 
plan the transportation route and should be advised of the transportation schedule. 

• Use of a special security, plastic, patient "transport isolator" should be considered; 
such units provide for patient comfort and maintain isolation during transport (see 
"Patient transport isolator", p. 34). 

5.3 Protection of medical attendants 

Typically, the ground transport of a patient requires two medical attendants and a 
driver. They should be protected as follows (see "Personnel protection", p.15, for 
detailed information): 

Medical attendants - should wear disposable gowns, if available, or cloth gowns; 
shoes with cloth or paper covers are also needed; 

Vehicle driver 

- should also wear rubber gloves, masks, and goggles (or glasses); 
if available, respiratory masks are preferable; however, ex
perience has shown that surgical masks of paper or cloth are 
usually sufficient. 

- should not come into contact with the patient; 

- should wear a mask and gloves. 

When the patient is transported in an isolator, personnel protection may be reduced. 
The attendants who put the patient into the isolator must undergo a decontamination 
procedure after this has been done. Also, the outside of the isolator must be decon
taminated. 

5.4 Selecting a vehicle 

If several vehicles are available, selection of the correct vehicle can make trans
portation of the patient easy and safe. The vehicles may be ranked as follows, based 
on their ability to provide the patient with a place to lie comfortably, the degree of 
isolation, protection for the driver, and ease of decontamination: 

• ambulance equipped with a plastic, patient transport isolator; 

• ambulance; 

• hearse; 

• small truck with the bed enclosed by metal or tarpaulin; 

• small truck with an open bed; 

• bus, station wagon, or van; 

• automobile, jeep, or similar small vehicle. 
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Transportation of a patient 

Of course, weather conditions may make selection of a less desirable vehicle necessary. 

5.5 Preparing the vehicle for transportation 

Preparation of the vehicle for transportation should begin by deciding how it will be 
decontaminated after the patient has been delivered and then by preparing the vehicle 
for decontamination. Removal of rugs and cloth-covered seats, or covering them with 
plastic, will allow decontamination using liquids. This is important because cloth seat 
covers will be damaged by the decontamination process. It is much easier to remove or 
cover unnecessary hard-to-clean parts of a vehicle. 

The second step is to select equipment and supplies that will be needed for the journey 
and to put them in the vehicle. Every effort should be made to carry disposable tissues, 
plates, cups, and medical equipment. This is important, since the patient must be kept 
isolated, but it will not always be possible to use decontamination solutions in the 
manner described in Chapter 4, p.23. Of course, a bag for contaminated wastes should 
be carried and disposed of in the proper manner at the medical facility. Spare masks 
and gloves are needed, as well as a container of disinfectant to decontaminate an attend
ant's gown or a part of the vehicle should the patient soil them. 

5.6 Decontamination of vehicle after transportation 

If the vehicle was prepared as described above, decontamination should be possible 
by using a liquid disinfectant (5% chlorine or 4% formalin) and removing any tempor
ary plastic covers. If the back of a truck was used, and loose paint or dirt is present, 
it is advisable to spray or pour disinfectant over the surfaces. After a contact time of 
5-10 minutes, these surfaces can be rinsed with copious quantities of clean water. 
Personnel conducting the decontamination should wear protective clothing as described 
for medical attendants (see "Personnel protection", p.15). 

Fumigation of a closed vehicle, such as a car or van, should be considered only as 
a last resort (this may be necessary in the case of viral haemorrhagic fevers). The 
control of temperature, air circulation, and humidity in a car may be impossible (see 
"Decontamination with formaldehyde", p.66). 

5. 7 Patient transport isolator 

The containment aircraft transit isolator was designed by Professor P. C. Trexler, 
in England, to provide a microbiologically secure environment for a patient requiring 
transportation by aircraft over long distances. It consists of a lightweight aluminium 
framework supporting a flexible transparent envelope to accommodate the patient. The 
unit has an air supply unit, filters and batteries. Once the patient has been placed in 
the envelope, the transfer port is sealed, thereby completely separating the patient from 
the accompanying medical team and surrounding environment. Half-suits and gloved
sleeves are incorporated in the envelope walls, enabling the attendants to examine and 
care for the patient. A supply port is incorporated at the foot end of the envelope for 
introducing supplies and other materials during transit. 

34 



Transportation of a patient 

Fig. 19. The containment stretcher transit isolator 

Another unit, the containment stretcher isolator (Fig. 19) provides a means of carry
ing patients over short distances, usually by ambulance. It weighs one third as much as 
the containment aircraft transit isolator and can be carried by two people. This isolator's 
operation is similar to that of the aircraft type. 
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6. Specimen collection and shipment 

6. 1 General considerations 

It is important to observe safe practices when collecting diagnostic specimens, be
cause (a) the specimen may contain virulent disease organisms, which represent a 
potential hazard to everyone involved in collecting, packaging, transporting, receiving, 
and analysing the specimen; and (b) apart from those present during specimen col
lection, everyone who handles the package must rely on the information given on the 
package to know that the contents represent a hazard, and that special precautions 
must be taken. 

Specimens are normally collected for immediate laboratory diagnosis; however, they 
may be useful during follow-up epidemiological studies. Thus, the medical officer 
should consider collecting specimens even when immediate diagnosis is not required. 

6.1.1 Contingency planning 

It is most important that agreements and procedures for the shipment of infectious 
substances be developed in cooperation with local customs and air transport and postal 
authorities. The procedures should include contingency plans for rapid shipment of 
specimens in the event of an emergency. Such planning needs to adhere to the basic, 
standard, approved methodology of international authorities, particularly if the receiv
ing laboratory is beyond the national boundary. Continual liaison between all parties 
must be maintained to reflect changes in personnel, regulations, local conditions, and 
status of air carriers. 

6.1.2 Kits for collection of specimens 

A special kit is available from WHO for collection of specimens from suspected 
monkeypox patients. If this kit is not immediately available, local materials can be 
used, provided that recommended packaging procedures are followed (see pp.41-49). 
The kit, illustrated in Fig. 20, contains a lancet, two sterile swabs, a plastic specimen 
collection container, a metal tin, and an outer cardboard mailing containe!". 
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Specimen collection and shipment 

Fig. 20. Kit for collection of specimens from suspected monkeypox patients 8 

1. Lancet 
2. Sterile swabs 
3. Plastic specimen collection container 
4. Metal t in 
5. Outer cardboard mailing container 

8 This kit is available from the Division of Communicable Diseases, World Health Organization, 
12 11 Geneva 27, Switzerland . 

39 



Specimen collection and shipment 

Fig. 21. Kit for taking specimens from patients suspected of having a viral haemorrhagic 
fever 

1 . Liver biopsy needle assembly ( 1 ) 
2. Specimen collection jars (for liver biopsy) (16) 
3. Formol solution for jars (for liver biopsy) ( 1) 
4. Vacutainer cuff ( 1) 
5. Vacutainer needles (for cuff) ( 1 0) 
6. Vacutainer tubes (for blood-drawing) ( 1 0) 
7. Serum collection tubes (20) 
8. Tourniquet (1) 
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Specimen collection and shipment 

A kit for taking specimens from persons suspected of having a viral haemorrhagic 
fever is shown in Fig. 21. It contains a liver biopsy needle assembly, 16 specimen 
collection jars (for liver biopsy), formol solution for jars (for liver biopsy), a Vacu
tainer cuff, 10 Vacutainer needles (for cuff), 10 Vacutainer tubes (for blood-drawing), 
20 serum collection tubes, and a tourniquet. 

6.1.3 Communications prior to shipping specimens 

Transportation of infectious substances requires coordination between sender, 
carrier, and receiver to secure safe transport and arrival on time and in proper con
dition. To ensure this, the sender must: 

• make advance arrangements with the carrier and the receiver to ensure that speci
mens will be accepted and promptly tested; this should be done by telephone and/or 
cable; 

• prepare dispatch documents; 

• arrange routing; 

• send timely notification of all transportation data to the receiver. 

Infectious substances should not be dispatched before advance arrangements have 
been made between sender, carrier and receiver, or before the receiver has confirmed 
with his national authorities that the substance can be imported legally and that no 
delay will be incurred in the delivery of the consignment to its destination. 

The key to getting prompt results from specimen testing is good coordination be
tween the sender and the laboratory. WHO can facilitate this coordination; both the 
appropriate WHO Regional Office and the responsible technical unit at WHO head
quarters, Geneva, should be contacted. Specimens should not, however, be sent to 
WHO. 

6.2 Obtaining specimens 

6.2.1 Selection of receptacle 

Since the desired result is a laboratory diagnosis, it is essential that the receptacle 
chosen for the specimen is adequate. The development of emergency kits containing 
the necessary materials is highly desirable. The following guidance is provided in case 
a kit is not available. 

The best receptacle for the specimen is a thick-walled, glass, watertight vial with a 
metal screw-cap containing a nontoxic rubber liner. It should be as small as possible 
in relation to the specimen size. 
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Specimen collection and shipment 

The following considerations govern the suitability of various materials: 

• Thin-walled glass tubes are fragile and are frequently broken in the mail; when 
broken, they give rise to very sharp, potentially infected, fragments. 

• Glass is generally nontoxic if it has been properly washed. It is easily sterilized 
but is fragile. 

• Plastic can be nontoxic but this cannot be assumed without testing. Thin-walled 
plastic receptacles may be easily fractured and the softer plastics are difficult to 
sterilize. They may also be unsuitable for cell cultures. 

• Blood clots are liable to stick to plastic surfaces, causing poor clot retraction and 
difficulty in separating the serum. 

• When a plastic cap is used on a glass tube, the clot may stick very firmly to the 
cap and be pulled out completely when the cap is removed. 

• Rubber cap-liners should not be assumed to be nontoxic; however, they are pre
ferred to plastic liners even if their toxicity is unknown. 

6.2.2 Closure of receptacle 

• Flame sealing-properly flame-sealed all-glass ampoules are the best means of 
ensuring total closure; this method must be used for freeze-dried material. 

• Metal screw-cap-a metal screw-cap with a nontoxic rubber liner is the best alter
native. It must be airtight to prevent pH changes due to the escape or entry of C0 2 , 

as may occur when dry ice is used as a refrigerant. 

• Plastic screw-cap-plastic screw-caps are liable to work loose and are, in any 
case, unsuitable for sending samples of whole blood, as the clot may adhere to them. 

• Taping closure-all screw-caps should be taped to prevent loosening in transit. 
The tape should be of the woven type; it should not be made of PVC (polyvinyl chlor
ide) which is liable to retract and separate from the ampoule at low temperatures. 

• Plug closure-plug closures are the least desirable for shipment purposes because 
they are unreliable. They may loosen during shipment and leak. If they must be used, 
care must be taken to ensure that they fit tightly and are taped in place. 

6.2.3 Safety precautions 

Blood, secretions, tissue, and other specimens taken from patients suffering from 
communicable or unusual diseases are highly infectious and precautions must be ob
served when taking them. Personal contact with the specimen must be prevented. 

Chapter 3, "Personnel protection", describes the clothing needed for the protection 
of medical personnel. If the patient has been placed in an isolation room, the medical 
attendant must observe the required precautions. If the patient is suspected of having 
a communicable disease or lives in an area where infection is highly possible, the 
medical attendant should be given appropriate safety instructions by the medical 
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official. For example, medical attendants participating in a serosurvey in a community 
where there is a communicable disease outbreak should wear a face mask, gloves and 
gown as minimal protection. The medical official may require additional protection 
(head covering, goggles, or foot covering). 

The step-by-step specimen collection techniques prescribed by the medical official 
should incorporate the following safety precautions: 

• Serum specimens: whenever possible, serum specimens should be collected by 
means of a vacuum blood-collection tube (Vacutainer), because this provides a closed 
sterile system which protects the medical attendant. After the tube is filled with the 
patient's blood, it should be removed from its holder; the needle should be carefully 
removed from the holder, and all parts should be placed in a decontamination solution. 
A new needle/vacuum-tube combination is needed for each patient. If blood serum is 
to be separated from the blood sample, the attendant should wear protective clothing 
while separating the serum from the clot. Any spills of blood or serum must be cleaned 
up immediately, using cotton or rags soaked in decontamination solution (5% sodium 
hypochlorite). Extreme care must be exercised to avoid self-inoculation with needles 
and other sharp instruments. 

• If a vacuum-tube is not available, a needle and syringe can be used for serum col
lection. However, additional precautions to those described above must be observed. 
Each needle and syringe must be decontaminated after use (see "Decontamination", 
p.58). It will be best to use needles and syringes that have been sterilized and packaged 
in a laboratory for field use. Care must also be taken to avoid producing airborne 
droplets or aerosols by accidentally depressing the plunger when the syringe is full of 
blood. 

• If centrifugation is performed on blood samples, sealed centrifuge cups should be 
used whenever possible to avoid aerosols. Otherwise, the samples should be allowed 
to stand undisturbed. 

• Sputum specimens: Since the patient will produce an aerosol when he or she 
coughs, the attendant should, whenever possible, place the patient in the open air or 
alone in a well ventilated room. 

• Other types of specimen: The safety precautions described for serum and sputum 
specimens should be observed, where appropriate. 

6.3 Removing specimens from the isolation room 

The following procedure should be observed when the specimen has been obtained 
from a patient in an isolation room. 

After each specimen has been placed in its receptacle and the receptacle has been 
sealed, the outside of the receptacle should be decontaminated using a 2% chlorine 
solution (either by wiping with a wet cloth or immersing in a pan of solution). The 
receptacle is then placed in a small plastic bag and taken to the anteroom, where the 
exterior of the bag is immediately decontaminated with a 2% chlorine solution. Prep
arations may then be made for packaging the specimens for shipment. 
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6.4 Packaging for transport 

6.4.1 Where to send specimens for diagnosis 

The national or local public health authority should be asked for advice on where 
to send the specimens for diagnosis. Alternatively, such advice may be obtained from 
WHO headquarters or from the nearest WHO Regional Office (see Annex 1). 

Specimens should never be sent to the headquarters of the World Health Organ
ization or to its Regional Offices. 

6.4.2 Method of transport 

Diagnostic specimens and infectious agents may be sent to the laboratory either by 
special courier or by public transport. 

(a) Special courier. The use of a special courier in a private vehicle is preferred 
since the specimens will receive priority handling and special care. However, this is not 
normally possible when long distances or international boundaries are involved. Two 
measures should be observed when special couriers are used for shipments: 

1. Specimens should be packaged in accordance with the instructions for shipping 
via public transport. 
2. Special couriers should not carry specimens on public conveyances; if a courier 
is to travel on a public conveyance, e.g., an aircraft, the conveyor should be notified, 
and given the specimen for handling. 

(b) Public transport. The safe, expeditious shipment of diagnostic specimens and 
infectious agents by public transport requires a working system between the sender, 
postal or airline officials, customs, and the receiving laboratory. 

The shipment of improperly packaged, unidentified, unmarked infectious substances 
is prohibited. This practice presents potential hazards to airline and postal employees. 
A far more serious hazard is presented to the receiving laboratory as the package may 
be opened by untrained or uninformed staff. The hazard is increased if improper 
packaging causes the specimen container to break, thus contaminating the inside of 
the package. 

The International Air Transport Association (lATA), the International Civil Avi
ation Organization (ICAO), the Universal Postal Union (UPU) and the World Health 
Organization (WHO) have agreed upon simple and uniform regulations concerning 
shipping and packaging procedures. A part of the agreement is the uniform definition 
of infectious substances, diagnostic specimens, and biological products. It is important 
to note that only infectious substances are classified as restricted articles by lATA and 
UPU and that only restricted articles are subject to special, biological hazard identifi
cation and certification. Although they meet the definition of diagnostic specimens, 
specimens from patients suffering from communicable or unusual diseases should be 
packaged and shipped as infectious substances. 

The definitions are as follows : 

"Infectious substances are defined as substances containing viable microorganisms 
or their toxins, which are known, or suspected, to cause disease in animals or humans. 
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"Diagnostic specimens are any human or animal material including, but not limited 
to, excreta, secreta, blood and its components, tissue and tissue fluids being shipped 
for purposes of diagnosis. Note: Live animals are excluded. 

''Biological products are either finished biological products for human or veterinary 
use manufactured in accordance with the requirements of national public health auth
orities and moving under special approval or licence from such authorities, or finished 
biological products shipped prior to licensing for development or investigational pur
poses for use in humans or animals, or products for experimental treatment of animals, 
and which are manufactured in compliance with the requirements of national public 
health authorities. They also cover unfinished biological products prepared in accor
dance with procedures of specialized governmental agencies. 

"Live animal and human vaccines are considered biological products and not in
fectious substances. Importation of human and animal vaccines may be subject to 
authorization by the country of destination.'' 

Whether specimens are shipped by mail or air freight, they should be packaged and 
labelled according to the requirements of the agreements. 

6.4.3 Methods of preservation a 

Biological materials survive better at low temperatures (except in the case of cell 
cultures). The maintenance of low temperatures during journeys lasting several days 
or longer is difficult, as facilities for the external refrigeration of the package are not 
always reliably available, but repeated freezing and thawing should be avoided as this 
may cause loss of titre. Refrigeration may be achieved by using solid carbon dioxide, 
wet ice, or frozen pads. The advantages and disadvantages of each are listed in Table 
1 on the next page. Except for personally accompanied specimens, liquid nitrogen is 
not suitable. It should be noted, however, that some viruses lose titre rapidly on 
freezing, except to temperatures below -70 o C. 

Shipment of refrigerated specimens. The outer package will need to be enclosed in 
an insulated box together with a refrigerant in such a way as to keep the two in con
tact. If normal ice is used it must be packed in sealed watertight bags in a leakproof 
outermost enclosure. If dry ice is used the outermost enclosure must permit the release 
of C02 gas. With either type of ice the contained package must be supported in such 
a way as to prevent it becoming loose as the refrigerant melts or is dissipated. 

a Reproduced from MADELEY, C.R., Guide to the collection and transport of virological specimens 
(including chlamydia! and rickettsial specimens), Geneva, World Health Organization, 1977. 
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Table 1. Comparison of methods for keeping specimens cold in transit 

Matenal Advantages Disadvantages 

Solid carbon dioxide 1 . Very low temperature 1 . Gives off C0 2 , which: 
(dry ice) (-79 °C) (a) increases pressure inside a 

2. Dry sealed container; 

3. Replenishment by replacement (b) may leak into the specimen 

4. W1ll cool the whole of the 
and make. it acid 

interior of the parcel 2. Not universally available during 
the journey 

3. Bulky 

4. Leaves space in parcel when it 
has evaporated 

Wet ice 1 . Universally available 1 . Messy, unless sealed into 

2. Replenishment easy plastic bags 

3. Can be sealed into bags 2. Short duration of cooling 

4. Does not leave space in parcel 3. Will not keep specimen frozen 

when melted (provided it has 4. Bulky 
been sealed in) 5. If the ice container leaks, the 

package may be thought to 
contain a leaking specimen 

Frozen pads 1 . Dry 1 . Slow to regenerate 
("cold dogs") 2. Low temperature (for a short 2. Not readily available dunng the 

time) journey 

3. Replenishment by replacement 3. Heavy 
(if available) 

6.4.4 General packaging instructions 8 

Packaging has three main purposes: to maintain the specimen's viability; to prevent 
it leaking outside the package; and to prevent cross-contamination. To conform to the 
most widely applied requirements, the packaging should consist of three layers: 

• A primary receptacle, containing the specimen itself; this must be watertight, and 
where volatile buffers are used it must also be airtight. 

• Secondary packaging; this is a watertight secondary layer enclosing enough ab
sorbent material (e.g., tissue paper or absorbent cotton wool) to absorb all the fluid 
in the specimen in case of leakage. 

• Outer packaging; this is intended to protect the secondary packaging from such 
outside influences as physical damage and water while it is in transit. 

8 Adapted from MADELEY, C.R., op. cit. 
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The package as a whole will have to meet the following criteria for transport by air: 

• Temperature: withstand +55 oc and -40 °C. 

• Pressure: withstand a reduction in pressure to 44 kPa. 

• Vibration: withstand vibrations between 5 mm amplitude at 7 cycles/s and 
0.05 mm at 200 cycles/s. 

• Water: withstand a direct water spray for 30 min. 

• Physical stress: 
(a) Free drop: withstand a free drop through a distance of 9 m on to a flat, essen
tially unyielding, horizontal surface, the sample package striking the surface in a 
position in which maximum damage can be expected. 

(b) Penetration test: withstand a free drop through a distance of 1 m, striking the 
top of an unyielding, cylindrical, vertical steel bar 38 mm in diameter. The top of 
the bar must be flat and the package must strike it in the position for maximum 
damage. For larger packages ( ~ 7 kg) a slightly different test is specified. 

An example of packaging is shown in Fig. 22 on the next page. The outer packaging 
consists of shock -absorbing padding surrounding one or more secondary packagings 
and contained in a rigid external covering, which may take the form of a metal, wooden, 
or fibreboard can, box, or drum with a tightly fitting lid. Screw-caps and other lids 
should be taped to prevent accidental loosening, and clips should be used to hold lids 
of the paint-can type firmly in place. 

The packaging should not be opened during transit and should be labelled accord
ingly. If it needs to be refrigerated, it will have to be placed in an additional receptacle 
to accommodate whatever refrigerant is used. 

Full details of tests for packaging will be found in national regulations or in the 
current edition of the lATA Dangerous Goods Regulationsa or the ICAO Technical 
Instructions for Safe Transport of Dangerous Goods by Air. It should be remembered 
that packaging for radioactively-labelled virus (or antiviral antibody) must conform to 
the regulations concerning the transport of radioactive materials, and also that adequate 
absorptive material will act as an insulator so that external cooling will only affect the 
specimen slowly. 

6.4.5 Packaging for volumes of less than 50 ml 

Volumes of less than 50 ml may be shipped by either passenger or cargo aircraft. 
Place the material in a securely closed, watertight receptacle (primary container-test 
tube, vial, etc.). Place the primary container in a second, durable watertight container 
(secondary container). Several primary containers may be enclosed in a single secon
dary container if the total volume of all the primary containers so enclosed does not 

a Published by the InternatiOnal Air Transport Association, P.O. Box 160, 1216 Cointrin, Geneva, 
Switzerland; new and updated editions are issued at approximately yearly intervals. 
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Fig. 22. Example of packaging a specimen for transport 

.------~~~~~-A 

B 

c 

I_: 

A: Ampoule containing the specimen: screw-capped vial (illustrated) with 
a nontoxic rubber liner and taped shut, or flame-sealed glass ampoule. 

B: Absorbent material- e.g., tissue paper or absorbent cotton-wool
sufficient to absorb all the specimen should leakage occur. 

C: Plastic bag, heat-sealed or taped over (not stapled). 

D: Shock-absorbing padding- e.g., loosely packed paper or absorbent 
cotton-wool. 

E: Rigid waterproof outer container. 
F: Tight-fitting lid- e.g., screw-on or push-on (paint-can type)- taped 

shut or clipped. 
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exceed 50 ml. Fill the space at the top, bottom, and sides between the primary and 
secondary containers with sufficient nonparticulate absorbent material to absorb the 
entire contents of the primary container(s) in case of breakage or leakage. Then en
close each set of primary and secondary containers in an outer shipping container con
structed of corrugated fibreboard, cardboard, wood, or other material of equivalent 
strength. 

If dry ice is used as a refrigerant, it must be placed outside the secondary container(s). 

6.4.6 Packaging for volumes of 50 ml or greater 

These larger volumes may be shipped by cargo aircraft only. Place the material in 
a securely closed, watertight receptacle (primary container). Enclose this container in 
a second, durable, watertight container (secondary container). Several primary con
tainers whose combined volumes do not exceed 500 ml may be placed in a single secon
dary container. Fill the space at the top, bottom, and sides between the primary and 
secondary containers with sufficient nonparticulate absorbent material to absorb the 
entire contents of the primary container(s) in case of breakage or leakage. Then en
close each set of primary and secondary containers in an outer shipping container con
structed of corrugated fibreboard, cardboard, wood, or other material of equivalent 
strength. Also place a shock-absorbent material, in volume at least equal to that of the 
absorbent material between the primary and secondary containers, at the top, bottom, 
and sides between the secondary container and the outer shipping container. (The 
maximum amount of materials that may be enclosed within a single outer shipping 
container is 4000 ml.) 

If dry ice is used as a refrigerant, it must be placed outside the secondary con
tainer(s). If dry ice is used between the secondary container and the outer shipping 
container, the shock -absorbent material is to be placed so that the secondary container 
does not become loose inside the outer shipping container as the dry ice sublimates. 

6.5 Package labelling 

Information accompanying the specimen package must satisfy two requirements: 

• It should give the diagnostic laboratory information about the patient and suspected 
illness. 

• It should conform to regulations for shipping documents. 

6.5 .1 Information for the diagnostic laboratory a 

This information should be attached to the outside of the package, so that it cannot 
be separated from the sample. It should be sufficient to allow the recipient to perform 
the necessary laboratory tests and to identify the isolate again if further information 
or specimens are required. The headings under which information can be sent are 
listed below. Not all of them will be relevant to all specimens, but they should all be 
considered. 

a Adapted from MADELEY, C.R., op. cit. 
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Checklist of diagnostic information 
1. Identification: laboratory number and/or patient's name and address. 

2. Source: 
• Description of the specimen (throat swab, faeces, etc.). 
• Clinical isolate. The clinical specimen (throat swab, faeces, etc.) from which 

the isolate was obtained and the date and place where it was taken. 

3. Clinical details: 
• Age and sex of patient, date of onset of disease, and brief description of 

symptoms and signs. 
• Relevant laboratory investigations. 
• Details of contact with other cases in the vicinity, including the number of 

such contacts. 
• Occupation of patient. 
• Relevant immunization history. 

4. Laboratory details if the specimen is being sent from a laboratory: 
• Passage history. Cells, animals, or fertile eggs used to isolate and/or to pass 

the virus. Number of passages and cells, etc., used for each passage. Details 
of any cytopathic effect observed and rate of appearance. Brief details of the 
cells and method of passage, together with the media used. 

• Identification of the isolate. Method used and source of typing antiserum 
employed. Any ambiguities noticed. 

• Other relevant serological observations. 
• Any comments or observations not included above. 

5. Epidemiological information - as necessary to place the specimen in its context. 

6.5.2 Shipping documents 

The sender must provide the carrier with signed certification that the substance is 
properly packaged and can be legally accepted by the receiver. The International Air 
Transport Association (lATA) Shipper's Declaration for Dangerous Goods (Fig. 23) 
is suggested as a model. (This form is available from most air carriers.) 

In order to secure transmission without hindrance it is necessary to prepare all dis
patch documents, i.e., waybills, shipper's certification for restricted articles, and/or 
other documents that may be required, in strict accordance with rules governing the 
acceptance of materials to be dispatched. The following sentence should be quoted 
on waybills: "Infectious substance for diagnostic, research, and scientific purposes 
only-no commercial value-do not delay-do not open in transit". If the substance 
is perishable, warnings must also appear on the waybill; for instance: "Keep cool 
+2/+4 °C" or "Keep frozen" or "Do not freeze". The full address of the receiver 
must be shown on the waybill, together with the name of a responsible person and his 
telephone number. 
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Fig. 23. lATA Shipper's Declaration for Dangerous Goods 

SHIPPER"S DECLARATION FOR DANGEROUS GOODS 

Shopper 
A1r Waybill No 

Page of Pages 

Shoppers Reference Number 
(optiOnal) 

Consognee 

Two completed and s1gned cop1es of th1s DeclaratiOn must I WARNING 
be handed to the operator 

"'~ "%'"'.
lATA 

TRANSPORT DETAILS 

Thos shopment os wothon the Airport of Departure 
l1m1tat•ons prescnbed for 
(deletP non-applicable! 

I
IPASSENGER I CARGO I AND CARGO AIRCRAFT 

Faolure to comply on all respects woth the applicable 
Dangerous Goods Regulatoons may be on breach of 
the applicable law, subject to legal penalties Thos 
Declaratoon must not, on any corcumstances. be 
completed and/or sogned by a consolidator, a 
forwarder or an lATA cargo agent 

AIRCRAFT ONLY 

Shipment type (delete non-appltcab!e) 

I NON-RADIOACTIVE (RADIOACTIVE I 

NATURE AND QUANTITY OF DANGEROUS GOODS 

Proper Shtppmg Name. Class. UN Number or ldentdtcatton Number. number of packages. packmg mstructwns and 
all other reqUired mformatton as detatled tn sub-Sectton 8 I of /A TA Dangerous Goods RegulatiOns 

Addotoonal Handlmg lnformatoon 

I hereby declare that thl3 contents of thos consognment are fully and 
accurately descnbed above by proper shoppmg name and are classofoed, 
packed, marked and labelled, and are on all respects on the proper 
condotoon for transport by aor accordong to the applocable lnternatoonal and 
Natoonal Government Regulatoons 
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In the case of shipment by air, dispatch on direct flights should be made whenever 
possible. When transfers are necessary, precautions should be taken to ensure exped
itious handling. lATA regulations require that packages containing infectious sub
stances should not be consolidated with other consignments. Waybills should show air 
transport flight numbers with data and designation of any airport(s) of transit. 

The sender must notify the receiver in advance of shipping details, such as type and 
number of specimens, means of transport, flight number(s), waybill number, and date 
and hour of expected arrival at the point of destination, so that the consignment can 
be collected promptly. Advance telegraph and telephone communication must always 
be used for this notification. The same information should be transmitted by mail. 
The article number, proper shipping name of the article, the class and packing note 
and special handling information must meet the requirements of the current lATA 
regulations. 

The "Infectious Substance" label (Fig. 24) must also be attached to the 
package. a 

Fig. 24. Infectious substance label 

a Addresses of manufacturers of labels are available from the International Air Transport Association, 
P.O. Box 160, 1216 Cointrin, Geneva, Switzerland. 
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6.6 Leaking packages 

The following instructions apply to anyone finding a parcel exhibiting damage or 
leakage, if it is believed to contain infectious material. 

• Insert hand(s) into a plastic bag to form an improvised protective mitten. 
• With plastic-covered hand(s), pick up parcel and put into a plastic bag of suitable 

size. 
• Discard the improvised mitten(s) into the same bag. 
• Seal the bag and lock away in a safe place. 
• Disinfect the contaminated area, if spillage or leakage has occurred from the parcel 

(see "Decontamination", p.61). 
• Wash hands thoroughly. 
• Notify the appropriate authorities. 

Special measures on board aircraft 
The methods used by some airlines to decontaminate surfaces in the case of a spill 

or leakage of etiological agents (infectious substances) from a container include the 
following: a 

1. The use of carboxide (a mixture of 10% ethylene oxide and 90% carbon dioxide), 
which needs to be applied at the rate of 136 kg for every 28 m3 of space (300 lb/ 
1000 ft 3 

). The temperature in the aircraft must be more than 21 oc (70 °F) and the 
relative humidity 30%. The aircraft is sealed and the gas admitted through plastic or 
copper tubing with perforated holes along its length, until a cabin pressure of 48 kPa 
(7 lbf/in2

) is obtained. This pressure should be maintained for 6-12 hours. 

2. A mixture of ethylene oxide and Freon II can also be used at the rate of 68 kg for 
every 28 m3 of space (150 lb/1000 ft 3 

). 

3. A third method is the introduction of betapropiolactone in vapour form at the 
rate of 4.5litres for every 700m3 of space (1.2 gal (US), 1 gal (UK)/25 000 ft 3

). For 
this, relative humidity must be over 70% and temperature 21 oc (70 °F). Exposure 
time is 2 hours, and the aircraft can return to service after a further 2 hours, since the 
vapour is rapidly dispersed. Betapropiolactone must be 98% pure, otherwise a polymer 
will form and settle on surfaces as a sticky coating that is difficult to remove. 

Because these three ingredients are extremely hazardous, disinfection procedures 
using them should be carried out only by trained personnel. 

a From: BAILEY, J., Guide to hygiene and sanitation in aviation. Geneva, World Health Organization, 
1977. 
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6. 7 Receipt of package 

Laboratories that routinely receive diagnostic specimens should have a procedure for 
examining the package and opening it- the objective of the procedure being to prevent 
exposure of laboratory personnel to any disease agents that may be in the package. 
Advance notice of the package shipment and its contents is essential. Whether or not 
advance notice has been received, the information about the suspected illness (supplied 
by the sender) should be examined before the package is opened. The appropriate pre
cautions during opening should then be taken by the laboratory. 

6. 7.1 International shipment 

The receiving laboratory should also obtain the necessary authorizations from 
national authorities for the importation of the infectious substance. The receiving 
laboratory must provide the sender with the required importation permits, letters of 
authorization, or other documents required by the national authorities of the countries 
where the specimens originate. 

6. 7 .2. Notification of receipt to sender 

Upon receipt of known or suspected high-risk infectious substances of human or 
animal origin, the receiving laboratory should immediately acknowledge receipt to the 
sender. 
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Decontamination 

PRECAUTIONS 

PROCEDURES FOR SELECTED ITEMS AND EQUIPMENT 

CHEMICAL DISINFECT ANTS 

Alcohol 

Chlorine 

Formaldehyde 

Iodine 

Phenol 

HEAT 

Steam under pressure 

Boiling 

Dry heat 

GASES AND VAPOURS 

CONCENTRATIONS FOR DECONTAMINATION SOLUTIONS 
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7. Decontamination 

7.1 Introduction 

In Chapter 3, "Personnel protection", and Chapter 4, "Isolated patient care", fre
quent references were made to the decontamination of items. Recommended decon
tamination procedures for the various items are shown in Table 2. Information about 
common chemical disinfectants, their capabilities and properties will be found on pages 
61-65 and information about other types of decontamination (heat, formaldehyde 
vapour) on pages 65-68. Methods of calculating concentrations of decontamination 
solutions are given on pages 68-70 and a list of conversion factors on page 7 2. 

7.2 Methods 

7. 2. 1 Precautions 

The following general precautions should be observed. 

• Liquid disinfectants: particular care should be observed when handling concen
trated solutions of disinfectants. Personnel assigned the task of making up dilutions 
from concentrated solutions must be properly informed as to the potential hazards 
and trained in the safe procedures to follow. The concentrated phenolic disinfectants 
are particularly harmful to the eyes. Even a small droplet splashed in the eyes may 
cause blindness. Protective face-shields and goggles should be used for eye protection, 
and long-sleeved garments and chemically resistant gloves, aprons, and boots should 
be worn to protect from corrosive and depigmentation effects on the skin. One of the 
best sources of hazard information on any given product is the label on its container. 

• Heat sterilization: the hazards of handling hot solids and liquids are similar. Per
sonnel should be cautioned that steam under pressure can be a source of scalding jets 
if the equipment for its application is mishandled. Loads of manageable size should be 
used. Fluids treated by steam under pressure may be superheated if removed from the 
sterilizer too promptly after treatment. This can cause a sudden and violent boiling of 
the contents which can splash scalding liquids on to personnel handling the containers. 
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• Gases and vapours: avoid inhaling the vapours of formaldehyde. Containers of 
this product should be capable of confining these vapours, and should be kept in a 
properly ventilated chemical storage cabinet in the event of inadvertent leakage. 

In addition to the above general precautions, when following the decontamination 
procedures recommended in Table 2, particular care is necessary to ensure that air 
bubbles, grease spots, rust or dirt do not interfere with the exposure of the organisms 
to the liquid disinfectants. Scrubbing an item while it is immersed in the disinfectant 
is helpful. Most commercial disinfectants have a surface-active agent or detergent 
incorporated as part of the formula. If this is not the case, one should be added. 

7 .2.2 Procedures 

Table 2. Recommended procedures for the decontamination of various items 

Item 

White or 
colourfast 
cotton, linen, 
and synthetic 
fabrics• 

Unfast 
colours, silk, 
wool fabrics 

Mattresses 
and pillows 

Decontaminant 

2% chlorine 

Boiling water 

Steam 

Machine wash 
with chlorine 

Hand-wash 
with chlorine 

Machine wash 
with phenol 

Hand-wash 
with phenol 

Recommended procedures 

Soak in solution for 38 min. Rinse in clean water. 

Boil for 15 min. After boiling, fabrics may not be usable. 

Autoclave for 54 min at 121 °C (250 °F) for sterilization. 

Hot-water washing in a domestic washing machine. Add 
60 ml of household bleach (5.25% sodium hypochlorite) per 
litre of water (this results in a 0.31% solution). 

Hand-wash after soaking for 1 0 min in hot water with a 
laundry detergent and 30 ml of bleach (5.25%) per litre of 
water (0. 158% solution). 

Wash in warm water with phenolic household detergent at 
0.04% (400 mg/1) (220 ml of 5% phenol in 30 litres). 
Wash again without phenol. 

Hand-wash in warm water with detergent and 30 ml of 5% 
phenol per litre (a 0.0416% solution). Rinse in clean water 
three times. 

There is no adequate method for decontaminating mattresses 
and pillows in the field. Even if plastic covers are used to 
prevent contamination of a mattress, it should be considered 
as being contaminated. Incineration of the mattress and 
pillow in a large incinerator, or by soaking them with fuel oil 
and carefully igniting them, is recommended. 

a Contaminated fabncs should preferably be destroyed Falling th1s, however, they may be subjected to one of the recom
mended procedures. 
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Table 2 (continued) 

Item 

Full-face 
or half-face 
respirator 

Decontammant 

Chlorine (0.05%) 

Alcohol (85%) 

Formaldehyde 
vapour 

Respirator filter umts 

B1ological 
elements 

Charcoal 
elements 

Hypodermic 
needles and 
syringes 

Thermometers 

Plates and 
utensils 

Bedpans 

Boiling water 

Steam 

Alcohol c 

Formalin 

Chlorine 

Boilmg water 

Chlorine 

Formaldehyde 

Recommended procedures 

Carefully wipe mask with cloth soaked in chlorine solution 
(or alcohol). Rinse with clean warm water and aerate for at 
least 30 min before use. b 

Seal equipment in plastic bag. Include a tuft of cotton-wool 
soaked in formalin (30%) and a small open container of 
water. Exposure time should be at least 8 hours.b 

Replace after vapour sterilization of face mask. Vapour treat
ment will not penetrate and internally decontaminate filters. 

Replace after sterilization in the mask. Decontaminant ad
versely affects charcoal. 

Place in instrument tray filled with one of the decontaminant 
solutions listed below immediately after use; boil or autoclave 
in solution before processing for reuse. 

Chlorine- 2% aqueous 

Phenol- 2% aqueous+ 5% sodium bicarbonate to prevent 
corrosion of metal. 

Wipe thoroughly and place in covered jar with 70-90% 
ethanol or isopropanol decontaminant + 0.2% iodine. Ten 
minutes' exposure provides disinfection. Change solution 
every three days. 

10% formalin solution (4% formaldehyde); 30 mm exposure 
for disinfection and 9 hours' exposure for sterilization. 

Immerse plates and utensils in 2% sodium hypochlorite 
solution (diluted household bleach). Allow 15 minutes for 
disinfection. 

Boil in water for 20 minutes. 

Use 2% sodium hypochlorite solution. Allow 15 minutes' 
exposure for disinfection. 

Use an 8% alcohol solution of formaldehyde plus 0.2% 
sodium nitrate to prevent corrosion. Allow 30 minutes' 
exposure for disinfection. 

b Be sure all cracks and crev1ces are w1ped w1th d1smfectant Always check parts of masks to ensure they work properly 

Replace worn or corroded parts 

c Note that alcohol-10d1ne solution w1ll remove graduation markmgs from poor-grade thermometers 
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Item 

Non-heat
sensitive 
instruments 

Heat-sensitive 
instruments 

Gloved hands 

Decontaminant 

Boiling water 

Steam 

Phenol d 

Iodophor 

Formaldehyde 

Formalin 

Formaldehyde 

Formalin 

Chlonne 

Formaldehyde 

Decontamination 

Recommended procedures 

Place in instrument tray filled with one of the decontaminants 
listed below immediately after use. For sterilization, boil for 
20 minutes or autoclave ( 123 °C) for 45 minutes in the de
contamination solut1on 

2% aqueous solution with 0. 5% sodium bicarbonate to pre
vent corrosion. 30 minutes' exposure for diSinfection. 

0.045% (450 mg/1) available iodine with 0.2% s0d1urn 
nitrate to prevent corrosion. 30 minutes· exposure for disin
fection. 

2% aqueous solution with 2% cetrimonium brom1de. 30 min
utes' exposure for disinfection. 
8% alcohol solution with 0.2% sod1um nitrate to prevent 
corrosion. 30 minutes' exposure for disinfect1or .. 

10% formalin solut1on (4% formaldehyde); 30 minutes' ex
posure for disinfection or 9 hours' exposure for stenlizat1on. 

Sterilization of heat-sensitive mstruments may be accom
plished as described below; otherwise use of a disinfectant 
as described for non-heat-sensitive instruments is recom
mended. 

If the mstrument is sensitive to disinfectant. immediately 
after use place it into a plastiC bag and seal. 

Seal equ1pment in a plastic bag with a tuft of cotton-wool 
soaked in formalin (37%) and a small open conta1r.er of 
water. e 8 hours of exposure Will provide sterilization. Aerate 
instruments or wash after exposure to allow formaldehyde 
vapour to escape. 

10% formalin solut1on (4% formaldehyde); 30 mmutes' ex
posure for disinfection or 9 hours' exposure for sterilization. 

D1p gloved hands in 0. 5% chlorine solut1on. Rub together 
with a light scrubbing action. Rmse gloved hands 1n clean 
water using the same procedure. 

D1p gloved hands in 8% formaldehyde-alcohol solution, rub
bing together with a l1ght scrubbing action. Rinse gloved 
hands in clean water. 

d Not effect1ve for a broad spectrum of organ1sms 

e M01sture 1s needed 1n the bag to a1d the process 
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Table 2 (continued) 

Item 

Personnel 

Air in an 
inhabited 
enclosed 
space 

Water for 
consumption 

Isolation 
rooms or 
other rooms 

Decontaminant 

Soap and water 

High-efficiency 
particulate air 
(HEPA) filters 

Dilution 

Boiling 

Chlorine 

Iodine 

Formaldehyde 
vapour 

Recommended procedures 

Bathe using hot water and soap; a shower is best. Minor cuts 
or abrasions should be given immediate medical attention. 

HEPA filters remove almost all particulates (99.998% of 
0.4 p.m size) from air. A small recirculating unit (a fan and 
filter) may be placed in a room to remove particulates from air. 
Filters may be installed in a central exhaust or supply system. 
Used filters in exhaust systems must be treated as contam
inated items, i.e., bagged and incinerated .. 

Large volumes of clean (outside) air may be brought into the 
room through windows or doors. A fan to draw the air out of 
the room through another opening is required to do this. Care 
must be taken to ensure that air removed from the room is 
treated (filtered) or discharged away from people. 

Boil water for 20 minutes. The taste of boiled water may be 
improved by pouring from one container to another (aeration). 
Dirt may be removed by allowing the water to stand until the 
large particles settle and then carefully pouring the clear 
water into another container. Several layers of gauze or clean 
fabric may be used as a filter to remove particles that will not 
settle. 

One drop (about 0.1 ml) of 5% sodium hypochlorite (house
hold bleach) is sufficient to disinfect 10 litres of clear water. 
15-30 minutes of contact time is adequate for disinfection. 
Aerate as above before drinking.' 

Two drops of 2% iodine (tincture of iodine) per litre of clear 
water. 20-30 minutes of contact time are adequate for dis
infection. 

The need for fumigation of the patient-room must be assessed 
by the health official in charge. In general, the floor of the 
room receives most of the contamination and must be thor
oughly cleaned and decontaminated (see below). The walls 
and ceiling, however, provide little or no substrate (dirt) and 
unless obviously contaminated (soiled) by the patient, only 
normal cleaning is needed. 

The process of fumigation with formaldehyde is presented 
on pp.66-68. 

In h1gh dosages, chlonne IS po1sonous. If the concentration IS h1gh (1f an odour of chlorine is present), aerate the drinking
water by pouring between containers. 
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Table 2 (continued) 

Item 

Floors, 
furniture and 
other room 
surfaces 

Vehicles 

Decontaminant 

Iodophor 

Phenol 

Chlorine 

7.3 Chemical disinfectants 

Decontamination 

Recommended procedures 

Wet mopping of floors using one of the disinfectants listed 
below in one bucket and hot clean rinsing water in another 
is the preferred method for room cleaning. A mop or rag is 
dipped in the disinfectant and the area is scrubbed. The dirty 
mop is rinsed in the clean water before it is returned to the 
disinfectant. This increases the life of the disinfectant. If only 
one bucket is used the disinfectant should be changed after 
one floor or wall has been cleaned. 

Use an iodophor that has 0.045% available iodine plus 0.2% 
sodium nitrate to prevent corrosion. Five minutes' exposure 
is needed for disinfection. 

Use 2% aqueous phenolic solution plus 0.5% sodium bi
carbonate to prevent corrosion. Five minutes' exposure is 
needed for disinfection. 

Use 0.01% (100 mg/1) aqueous solution of sodium hypo
chlorite. Five minutes' exposure is needed for disinfection. 

See Chapter 5, "Transportation of a patient", pp.33-34. 

This section provides information about common chemical disinfectants, their prop
erties, and applications. In general, all chemical disinfectants should be considered 
hazardous and personnel should wear protective clothing (gloves, mask, and gown) 
when handling concentrated solutions. 

The disinfectants listed below are commonly obtainable from pharmacies, groceries, 
or hardware stores. If they are not available from any of these sources, local industries 
may be able to supply them, e.g., agents for swimming-pool accessories and chemicals 
stock various forms of chlorine. 
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Decontamination 

7.3 .1 Alcohol 

Normally, ethanol or isopropanol is used. Alcohol of 100% purity does not act as 
a disinfectant. For disinfectant purposes, it should be diluted to a concentration of 
70-85% by weight. Alcohols denature proteins and their germicidal action is somewhat 
slow. They are, however, effective decontaminants against lipid-containing viruses. 

Specific properties of alcohol 

Inactivates: 
vegetative bacteria 
lipid vir~.<ses 
nonlipid viruses 
bacterial spores 

Can be used on optical equipment 
Can be used on electronic equipment 
Corrosive 
Flammable 
Explos1ve 
Skin irritant 
Eye irritant 
Respiratory irritant 
Toxic (by skin contact or by mouth) 

7.3.2 Chlorine 

yes 
yes 
no 
no 
no 
no 
no 

yes 
no 

yes 
yes 
no 

yes 

Chlorine is a universal disinfectant, active against all microorganisms. As chlorine 
solutions gradually lose strength, fresh solutions must be prepared daily. Care must 
be taken to use clean water in preparing solutions because organic matter destroys 
chlorine. 

In order to prepare decontamination solutions it is necessary to know the strength of 
the concentrated form (powder or liquid). If this is not known, a laboratory evaluation 
of the chlorine concentration should be made. As a rough field check, the solution 
should have a strong chlorine odour and a "slippery" feel that does not "burn" the 
fingers. 

The recommended strengths of chlorine solutions for decontamination given in 
Table 2 are conservative. The health official should use his or her judgement in select
ing decontaminant concentrations based on the circumstances and should not blindly 
follow the recommendations. In general, laundry bleaches contain 52.5 gil (5.25%) 
and if 1 part of bleach is diluted in 99 parts of water a good general disinfectant con
taining 0.525 g/1 (0.0525%) is obtained. 
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Specific properties of chlorir:e 

Inactivates: 
vegetative bacteria 
lipid viruses 
nonlipid viruses 
bacterial spores 

Can be used on optical equipment 
Can be used on electronic equipment 
Corrosive 
Flammable 
Explosive 
Skin irritant 
Eye irritant 
Respiratory irritant 
Toxic (by skin contact or by mouth) 

7.3.3 Formaldehyde 

yes 
yes 
yes 
yes 
no 
no 

yes 
no 
no 

yes 
yes 
yes 
yes 

Decontamination 

Formaldehyde may be obtained as a 37% solution in water (formalin) or as a solid 
polymerized compound (paraformaldehyde) containing 91-99% formaldehyde. It has 
a pungent odour and its vapours are toxic, which limits its use as a general decontami
nant. Under certain conditions, however, it is very useful as a space decontaminant. 
The procedure for room decontamination should be carefully followed, otherwise para
formaldehyde may be formed on surfaces; this residue is difficult to remove and will 
make electronic equipment inoperable (see "Decontamination with formaldehyde", 
pp.66 -68). 

The effectiveness of formaldehyde is reduced at refrigeration temperatures. Concen
trations af formalin ranging from 2% to 8% are effective as a liquid disinfectant; the 
use of a 4% solution is preferred. 

Specific properties of formaldehyde 

Inactivates: 
vegetative bacteria 
lipid viruses 
nonlipid viruses 
bacterial spores 

Can be used on optical equipment 
Can be used on electronic equipment 
Corrosive 
Flammable 
Explosive 
Skin irritant 
Eye irritant 
Respiratory irritant 
Toxic (by skin contact or by mouth) 
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yes 
yes 
yes 
yes 
no 
no 
no 
no 
no 

yes 
yes 
no 

yes 



Decontamination 

7. 3 .4 Iodine (iodophors) 

The characteristics of iodine decontaminants are similar to those of chlorine decon
taminants. Clean surfaces or clear water may be effectively treated with solutions con
taining 75 mg of available iodine per litre, but at this low concentration the iodine may 
be quickly used up by extraneous proteins. For general use, an aqueous iodine solution 
containing 450 mg/1 is recommended. A solution containing 1600 mg of available 
iodine per litre of 50% ethanol is a stronger decontaminant and is normally used for 
hand-washing. 

Solutions of iodine that also contain certain cleaning agents are called iodophors. 
Such solutions overcome the staining and stability problems of iodine solutions. 

Specific properties of iodine 

Inactivates: 
vegetative bacteria 
lipid viruses 
nonlipid viruses 
bacterial spores 

Can be used on optical equipment 
Can be used on electronic equipment 
Corrosive 
Flammable 
Explosive 
Skin irritant . 
Eye irritant 
Respiratory irritant 
Toxic (by skin contact or by mouth) 

7.3.5 Phenol 

yes 
yes 
yes 
yes 
no 
no 

yes 
. no 
. no 
yes 
yes 
no 

yes 

In pure form, phenols are not often used as disinfectants, but a number of common 
disinfectants are based on phenolic compounds. Such disinfectants are effective against 
some viruses (Lassa, Marburg, and Ebola), rickettsiae, fungi, and vegetative bacteria. 
They are not effective against bacterial spores. 

In general use, an aqueous solution containing 20 g of phenolic compounds and 5 g 
of sodium bicarbonate per litre has proved to be a good disinfectant. 
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Specific properties of phenol 

Inactivates: 
vegetative bacteria 
lipid viruses 
nonlipid viruses 
bacterial spores 

Can be used on optical equipment 
Can be used on electronic equipment 
Corrosive 
Flammable 
Explosive 
Skin irritant 
Eye irritant 
Respiratory irritant 
Toxic (by skin contact or by mouth) 

7.4 Decontamination with heat 

7 .4.1 Steam under pressure 

yes 
yes 

variable 
no 
no 

. no 
... yes 

. no 
no 

yes 
yes 
no 

yes 

Decontamination 

Autoclaving: An autoclave is a specially constructed pressure chamber in which 
items to be sterilized are exposed to steam under pressure. If such equipment is avail
able, it offers the most effective means of sterilizing contaminated items. Care must be 
taken when loading an autoclave to be sure no air pockets remain among contaminated 
items after the steam has been introduced, because organisms in air pockets are pro
tected and survive the treatment. Also, when bottles of liquids are treated, care must be 
taken to release the pressure in the chamber slowly after sterilization or the bottles may 
explode. Normal operation of an autoclave results in a pressure of 103 kPa (15 lb/in2

) 

and a temperature of 121 °C. 
Exposure time can be selected in accordance with the materials to be decontaminated. 

Sufficient time must be allowed for complete heating of the materials. 

Pressure cooker (canner): A household pressure cooker can be used in the absence 
of an autoclave. Although the quantity of material that can be treated at one time is 
limited, the precautions listed for autoclaves should be observed. Typical pressure 
cookers are equipped with a pressure gauge and an adjustable pressure regulator, or 
bell-shaped weights that act as pressure regulators. This type of apparatus can produce 
a pressure up to 137 kPa (20 lb/in2

). When a pressure gauge is available, set the 
regulator to give a pressure of at least 100 kPa. This will produce a temperature of 
121 °C. If bell-shaped weights are available, use the heaviest weights and increase the 
time by 25-30% to allow for variation. 

A small quantity of water and a metal disk or rack (to protect items from direct heat) 
are put into the cooker followed by the objects to be treated, and the top put into place. 
Timing should start when full pressure has been attained. 
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Decontamination 

7 .4. 2 Boiling 

Immersion in boiling water for at least 20 minutes will also sterilize contaminated 
items. As in the case of the pressure cooker, a disk (or rack) should be placed in the 
bottom of the pan to protect the items from direct heat. Contaminated items in plastic 
bags may be put into the boiling water if they are capable of withstanding the heat. 
Care should be taken to ensure that the bag is heat-resistant; if in doubt, test a bag 
containing an unneeded item. If bags are used in this way, a few millilitres of water 
should be placed inside and as much air as possible removed. 

Glass bottling jars with rubber-lined, self-sealing lids, of the type used for home 
bottling of fruit and vegetables, can be used to obtain sterile water and other liquids. 
The process is complete when the liquid in the jar has boiled for at least 20 minutes. 

7 .4.3 Dry heat 

Dry heat is not as effective as wet heat for decontaminating items. A temperature of 
at least 160 o C with a minimum exposure of 4 hours is necessary. Lower temperatures 
require excessive exposure times, for example at 120 oc a minimum of 24 hours is 
required. 

7.5 Decontamination with formaldehyde 

For space disinfection, the chemical of choice is generally considered to be for
maldehyde. Other chemicals, such as ethylene oxide gas or peracetic acid aerosol, may 
be used, but they are very difficult to use, hazardous, and require specially trained 
and equipped personnel. The information given below concerns formaldehyde only, 
because the limited availability of other gases and their attendant difficulties make 
them impracticable for use in emergencies. 

7. 5.1 General considerations 

Formaldehyde can be generated either from formalin or from paraformaldehyde. 
With formaldehyde generated from paraformaldehyde, penetration is better, there are 
fewer problems with condensation, and there is less need for subsequent prolonged 
aeration than when formaldehyde is generated from formalin. 

Formaldehyde is a powerful reducing agent and is non-corrosive to metals. It can 
normally be assumed that any equipment or apparatus that will not be damaged by the 
humidity necessary for decontamination will not be damaged by the formaldehyde. 

7 .5.2 Generation from formalin 

Formaldehyde gas can be generated from aqueous solutions (formalin) containing 
37-40% formaldehyde by heating or by vaporizing the solution. The application rate 
should be 35 ml for each cubic metre of space to be treated. Also, if a small amount 
of exhaust air is used to keep the area being treated under a slightly reduced pressure, 
then this amount must be known, and 35 ml of formalin added for each cubic metre 
of exhaust air for at least a 1-hour period. 
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Decontamination 

7. 5. 3 Generation from paraformaldehyde 

Formaldehyde gas can be generated by heating paraformaldehyde, a solid polymer 
that contains 91-99% formaldehyde. Paraformaldehyde will depolymerize and convert 
to the gaseous state when heated to a temperature above 150 oc (302 °F). There are 
various practical methods for heating the paraformaldehyde: a standard electric hot
plate that can produce temperatures over 150 oc may be used to heat a pan containing 
paraformaldehyde, or a household electric frying pan equipped with a thermostat may 
be used. The electric cord of the hotplate or frying pan should be passed under the 
room door so that it can be disconnected after 1 hour of operation. The depolymeriz
ation rate of paraformaldehyde is about 20 g per minute when the temperature is set 
at 232 oc (450 °F). For each cubic metre of space to be treated, 10.5 g of paraformal
dehyde is required. 

7. 5 .4 Exposure 

Rooms being treated with formaldehyde or paraformaldehyde should be at a tem
perature of at least 21 oc and a relative humidity of above 70%; a fan may be needed 
to ensure thorough mixing of the gas with the air. Exposure should be for at least 
2 hours, and if possible it should last for 8 hours or overnight. 

Formaldehyde will sterilize all exposed surfaces, but it has limited power of pen
etration, and materials that are tightly covered may not be sterilized. This lack of 
penetrating power is often an advantage in using formaldehyde, since the space need 
only be enclosed relatively tightly, and not hermetically sealed-a condition impossible 
to achieve when rooms or buildings are being treated. 

Spaces being treated should not be wet, have condensate on the walls, or have pools 
of water on the floor, since formaldehyde is quite soluble in water and will be rapidly 
taken up. Also, as the water evaporates, polymerization will take place on the wet 
surfaces and these polymers are difficult to remove. 

7. 5. 5 Safety considerations 

Considerable caution must be exercised in handling, storing, and using formaldehyde 
as it is a toxic substance. Repeated exposure to formaldehyde is known to produce a 
hypersensitive condition in certain individuals. Self-contained breathing apparatus, air
supplied masks or industrial-type gas masks should be available and used whenever 
exposure to formaldehyde is possible. Most individuals can readily detect formaldehyde 
in a concentration of 1.5 mg/m3

, which serves as a warning of potential exposure. 
Recent reports indicate that formaldehyde may combine with hydrochloric acid to 

form bis(chloromethyl)ether, a compound that is carcinogenic. When formaldehyde is 
to be used as a space disinfectant, the area to be treated should be surveyed to ensure 
that there are no open containers of any acidic solution containing chloride. Formalde
hyde in the concentrations used for space disinfection has no effect on cockroaches 
and possibly not on other insects or arachnids. 
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Decontamination 

7.5.6 Removal of formaldehyde gas after decontamination 

If the walls and surfaces treated with formaldehyde were not wet with condensation 
at the time, then aeration and removal of the formaldehyde should proceed rapidly. A 
small room with non-porous surfaces and not containing any materials or equipment 
can be cleared of all detectable formaldehyde by aeration in less than 1 hour. However, 
an entire building containing a variety of surfaces and equipment may take many hours 
or even a day or more of aeration to remove the formaldehyde. 

Chemicals, such as anhydrous ammonia, have been used to neutralize formaldehyde 
and deposited paraformaldehyde with limited success. Air containing formaldehyde 
can be passed through alumina to absorb the formaldehyde. This technique is useful 
in removing formaldehyde from cabinets and other small places, but the quantities of 
alumina required for removing the formaldehyde from large rooms or buildings would 
be too great for practical purposes. 

7.6 Calculation of concentrations for decontamination solutions 

7 .6.1 Making liquid solutions from dry materials 

After mixing chlorine powders with water, allow the insoluble material to settle and 
pour off the clear liquid. 

General formula: 

weight of 
dry material 

desired concentration (%) x desired volume X weight conversion 
% active disinfectant in dry material 

weight conversion = 1000 for g and litres 
8.33 for lb and US gal 
10 for lb and UK gal 

Example 1: litre of a 2% chlorine solution is to be prepared from high-strength calcium 
hypochlorite (70% available chlorine): 

weight = 
2 X 1 X 1000 

70 
= 28.6 g 

Thus, 28.6 g should be mixed in 1 litre of water. 

Example 2: 1 gal (US) of a 2% chlorine solution is to be prepared from high-strength calcium 
hypochlorite (70% available chlorine): 

weight = 
2 X 1 X 8.33 

70 
= 0.241b 

Thus, 0.24 lb should be mixed in 1 gal (US) of water. 
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Decontamination 

The table below gives the amounts of dry materials (of different strengths) that 
should be added per unit volume of water to prepare solutions with 2% or 0.5% of 
available chlorine. 

Weight of dry chlorine to mix 
%available per unit volume of water 
chlorine 

gil lb/gal (US) lb/gal (UK) in dry form 

2% 0.5% 2% 0.5% 2% 0.5% 

70 28.6 7.15 0.24 0.06 0.29 0.07 
50 40.0 10.0 0.33 0.08 0.4 0.1 
25 80.0 20.0 0.66 0.16 0.8 0.2 

7.6.2 Diluting concentrated solutions 

1. To calculate the amount of water per unit volume of disinfectant concentrate: 

General formula: 

parts of water to be added to 
1 part of disinfectant concentrate 

= 
concentration of concentrate (%) 

final concentration of solution (%) 
-1 

Example 1: To make a 0.4% chlorine solution from household bleach containing a chlorine 
concentration of 5.25%: 

5.25% 
Parts of water = 

0
_
4

o/o - 1 = 12.1 

Add 1 part of 5.25% bleach to 12 parts of water 
(i.e., 1 litre of bleach + 12 litres of water = 13 litres of solution). 

Example 2: To make a 0.04% (0.4 g/1) phenol washing solution from a 2% phenolic disin
fectant: 

2% 
Parts of water = 

0
_
04

% - 1 = 49 

Add 1 part of phenol to 49 parts of water 
(i.e., 100 ml of phenol+ 4.91itres of water= 51itres of solution). 
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Decontamination 

2. To calculate the amount of concentrated disinfectant per unit volume (i.e., litres, 
gallons) of final solution: 

General formula: 

volume of disinfectant concentrate 
per unit volume of final solution 

final concentration of solution (%) 

concentration of concentrate (%) 

Unit volume of solution = volume of water+ volume of concentrate 

Example: To make a 0.4% chlorine solution from household bleach containing a chlorine 
concentration of 5.25%: 

0.4 
volume of concentrate = 

5
_
25 

= 0.076 

litre of solution = 0.076 litre of concentrate + 0.924 l1tre of water, or 
litre of solution = 76 ml of concentrate + 924 ml of water. 

7.6.3 Converting from weight per unit volume to % concentration 

Since manufacturers may not provide concentrations in % it is necessary to be able 
to convert other values to % concentrations. 

General formula: 

% concentration 
weight/volume concentration 

xlOO 
weight of volume 

Weight of water in various volumes at 16.7 oc 
1 ft 3 = 62.3 lb 
1 litre = 1000 g, 1 kg, 2.2 lb 
1 gal (US) = 8.33 lb 
1 gal (UK) = 10 lb 

Example: Convert 5000 mg /litre concentration to %: 

01 t. 5000 mg/litre x 100 __ 
0

_5010 10 concentra 1on = " 
1 000 000 mg of water/litre 
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7. 7 Relationships between units of measurement 

Length 

1600 m 
105 em 
91 .4 em 
1000 mm 

0.3048 m 
25.4 mm 
10 000 lim 

1000 lim 

0.001 mm 

Area 

10 000 m 2 

4047 m 2 

930 cm 2 

Volume 

1000 lltres 
2.83 m 3 

0. 77m 3 

28.32 lit res 
16.39 cm 3 

= 1.6 km 1 mile 
= 1000 m 1 kilometre (km) 
= 0.91 m 1 yard (yd) 
= 100 em 1 metre (m) 

= 30.48 em 1 foot (ft) 
= 2.54cm 1 1nch (in) 

= 10mm 1 centimetre (em) 
1 millimetre (mm) 

= 0.0001 em 11im 

259 ha 
100 ha 

= 0.01 km 2 

1 square mile (sq mile) 
1 square kilometre (km 2 ) 

1 hectare (hal 
= 0.405 ha 

10 000 cm 2 

1 acre 
1 square metre (m 2 ) 

0.84 m 2 

= 0.093 m 2 

6.45cm 2 

100 mm 2 

93m 2 

1 square yard (yd 2 ) 

1 square foot (ft 2 ) 

1 square inch (in 2 ) 

1 square centimetre (crn 2 ) 

1000 square feet (ft 2 ) 

1 cubic met1e (m3) 
1 00 cubic feet (ft 3) 
1 cub1c yard (yd 3) 
1 cub1c foot (ft 3) 
1 CUbiC InCh (in 3) 

Liquid capacity 

3. 79 lltres 
4.55 litres 
1000 ml 
32 fl oz (US) 
40 fl oz (UK) 
3 teaspoonfuls 

1 US gallon (gal (US)) 
1 UK gallon (gal (UK)) 
1 litre 
1 US quart (qt (US)) 
1 qt (UK) 
1 tablespoonful 
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= 1 760 yd = 5280 ft 
= 0.625 mile = 1100 yd 
= 3ft = 36 In 

1.093 yd = 3.28 ft 
= 39.37 in 
12 in 
1 I 1 2 ft 

= 0.394 1n = 0.033 ft 
= 0.0394 In 

= 0.000039 in 
(about 1/25 000 In) 

= 640 acres 

Decontamination 

= 0. 39 sq mile = 24 7 acres 
= 2.47 acres 
= 4840 yd 2 = 43 560 ft 2 

= 1.2yd 2 = 10.76ft 2 

= 15501n 2 

= 9 ft 2 = 1296 in 2 

= 144in 2 

= 0.007 ft 2 

= 0.155m 2 

= 1.307 yd 3 = 35.32 ft 3 

= 3.7 yd 3 

= 27 ft 3 

= 0.037 yd 3 = 1728 in 3 

= 0.000579 ft3 

= 0.83 gal (UK) = 231 in 3 

= 1.2 gal (US) 
= 0.26 gal (US); 0.22 gal (UK) 
= 0.9463 litre 
= 1.136 litres (approx) 
= 0.5 fl oz (US) 



Decontamination 

1 gram (g) 
1 ounce (oz) 
1 grain 
1 pound (lb) 

= 0.0352 oz 
1/16lb = 437.5grains 

= 1/7000 lb 
= 16 oz 

Weight 

1000 mg 
28.35 g 
64.8 mg 
453.6 g 
1000 g 
1000 kg 
907 kg 
1016 kg 

1 kilogram (kg) 
1 tonne 

= 2.2 lb = 35.27 oz 
= 22041b 

1 short ton 
1 ton 

7. 7.1 Conversion factors 

To convert 

bar 
degrees Fahrenheit 

feet 
gallons (UK) 
gallons (US liquid) 
inches 
kilograms per square centimetre 
ounces, fluid (UK) 
ounces, fluid (US) 
pints (UK) 
pints (US) 
pounds (avoirdupois) 
pounds per square inch 
quarts (UK) 
quarts (US) 

degrees Celsius (°C) 

kilograms (kg) 
kilopascals (kPa) 
kilopascals (kPa) 
kilopascals (kPa) 
litres (I) 
litres (I) 
litres (I) 
litres (I) 
litres (I) 
litres (I) 

metres (m) 
millilitres (ml) 
millilitres (ml) 
millimetres (mm) 

= 2000 lb = 0.893 ton 
= 2240 lb = 1.12 short tons 

to 

kilopascals (kPa) 
degrees Celsius (°C) 

metres (m) 
litres (I) 
litres (I) 
millimetres (mm) 
kilopascals (kPa) 
millilitres (ml) 
millilitres (ml) 
litres (I) 

litres (I) 
kilograms (kg) 
kilopascals (kPa) 
litres (I) 

litres (I) 

degrees Fahrenheit 

pounds 
bar 
kilograms per square centimetre 
pounds per square inch 
gallons (UK) 
gallons (US liquid) 
pints (UK) 
pints (US) 
quarts (UK) 
quarts (US) 
feet 
ounces, fluid (UK) 
ounces, fluid (US) 
inches 
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Multiply by 

100.0 
subtract 32 °F 
and multiply by 5/9 
0.304 8 
4.546 
3.785 
25.40 
98.07 
28.41 
29.57 
0.568 3 
0.473 2 
0.453 6 
6.895 
1.137 
0.946 4 

multiply by 9/5 
and add 32 °F 
2.205 
0.01000 
0.010 20 
0.145 0 
0.220 0 
0.264 2 
1.760 
2.113 
0.879 9 
1.057 
3.281 
0.035 20 
0.033 81 
0.039 37 



8. Disposal of contaminated items 

Disposal of 
contaminated items 

73 

GENERAL PRINCIPLES 

DRY WASTE 

Burial 

LIQUID WASTE 
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8. Disposal of contaminated items 

8.1 General principles 

The general principles set out below have been adapted from those proposed by 
Wagner & Lanoix for excreta disposal in rural areas. 8 With suitable modifications, 
they can be applied to almost all disposal operations. These principles should be used 
as a checklist for selecting the best waste disposal method. 

8. 1. 1 Contamination control 

• Ideally, the wastes should not harbour the disease organism (i.e., if possible, the 
wastes should be treated to destroy disease organisms before disposal). 

• The disposal system should not provide a way for the disease organism to re-enter 
the community. 

• Surface soil should not be contaminated. 

• There should be no contamination of ground-water. 

• There should be no contamination of surface water. 

• There should be no air pollution (including odours). 

8.1.2 Accessibility control 

• Materials should not be accessible to humans, rodents, or insects. 

• Contaminated items should be boxed or bagged to limit exposure to people 
handling them. 

8 .1. 3 Field methods 

• The method used should be safe, simple, and inexpensive in construction and 
operation. 

a WAGNER, E.G. & LANOIX, J.N. Excreta disposal for rural areas and small communities. Geneva, 
World Health Organization, 1958 (Monograph Series, No. 39). 

74 



8.2 Dry contaminated waste disposal 

8.2.1 Incineration 

Disposal of contaminated items 

(a) Local incinerator. The simplest and safest method for disposal of dry contam
inated wastes is to use an existing system. If the patient is being treated in a private 
home or clinic, serious consideration should be given to storing the dry contaminated 
wastes and transporting them to the local facility for disposal. After removal from the 
anteroom, the bagged wastes should be stored in a cardboard box or covered dustbin. 
If a cardboard box is used, it should be sealed with tape when full and marked to iden
tify its contents. The box or bin should be kept in a secure cabinet or room to make 
sure that it is not accidentally opened by untrained persons. The box or bin should be 
transported in a closed vehicle so that it cannot be lost en route to the facility. 

(b) Municipal incinerator. When an incinerator specially reserved for contaminated 
waste is not available, the next option to consider is a municipal incinerator. The use 
of such an incinerator, if available, is preferable to building and operating a field 
incinerator (see below). However, precautions should be taken to ensure complete 
destruction of the wastes. The municipal incinerator should be inspected to learn how 
it operates and to determine what is to be done with the ash. 

The contaminated waste should be burned only after the incinerator has been oper
ated normally to ensure that the system is hot. Common refuse should not be in the 
incinerator while the contaminated waste is burned (although it may be necessary to 
add dry fuel). If the incinerator has a moving grate, the grate should be stopped until 
the contaminated wastes are completely burned. Normal incinerator operations may be 
resumed after the contaminated waste has been burned. The ash from the contaminated 
waste may be combined with that from the general refuse if its disposal meets the dis
posal principles set out at the beginning of this chapter; otherwise the ash from the 
contaminated waste should be collected and disposed of in a suitable manner. 

(c) Field incinerator. Field incineration should be used as a last resort because it 
is difficult to burn the waste completely without generating smoke (the smoke may 
be contaminated). Also, the materials needed to construct an adequate incinerator may 
not be available locally. 

The field incinerator should be designed to provide adequate quantities of fuel and 
air. The waste may be damp or even wet, therefore fuel will be necessary to keep the 
temperature high so as to dry the wastes quickly. It is also important that air be supplied 
to the fire at all times. A 210-litre (55-US gallon) steel drum with both ends removed 
that will burn one bag of waste at a time (Fig. 25) makes a satisfactory incinerator. 

To use the drum field incinerator, first build a good fire on the ground under it, 
then slowly lower a bag of waste into the drum, using a stick and length of string to 
avoid burns. Placing a fine screen on the top of the drum will prevent ash or light 
paper from blowing out of the drum. The most difficult part of constructing such an 
incinerator will be finding a grate or screen that will hold the burning waste above the 
wood fire. Continue to add wood to the fire until the waste is completely burned. 
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Fig. 25. Drum incinerator 
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Anything that will resist heat, even a large cross-section of clay pipe, may be used 
as a substitute for a drum. Corrugated iron, or steel, can be formed into a cylinder, 
square, or any convenient shape. The basic requirements are to have a chimney and a 
fire that is not smothered by the addition of a bag of waste. 

After burning is complete, the ashes from both the fire under the incinerator and the 
waste itself should be gathered up and buried in a trench that is deep enough to prevent 
children from digging up the ashes easily-about 1 metre. The trench should be wide 
enough to hold a few days' ashes-about 1 metre wide. Cover the ashes with earth as 
they are placed in the trench. 

(d) Wood stoves. The use of wood-burning stoves for incinerating waste is not 
recommended. The size of the burning chamber is very limited and it may be necessary 
to open the contaminated waste container and feed individual pieces into the stove
an unacceptable procedure. If weather conditions will not permit outdoor incineration, 
storing the waste in sealed boxes until proper incineration can be accomplished is 
preferable. 

(e) Open fireplace. Although fireplaces are larger than wood stoves, they are not 
recommended for incinerating contaminated waste. The bag may fly open and the 
contents spill into the room. Down draughts can also occur, causing dispersal of small 
particulate matter back into the room. 
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8.2.2 Burial 

Burial of dry contaminated waste is not recommended unless it is first sterilized by 
steam or an equivalent method. If a sealed plastic bag containing dry contaminated 
waste is buried in the ground, it may present an unrecognized hazard when later un
earthed. A plastic bag has a long life and its contents may be preserved until the reason 
for burial has been forgotten. 

8.3 Liquid contaminated waste disposal 

8. 3.1 Community sewer system 

Disposal of liquid contaminated wastes into a community sewer system is preferred 
over other alternatives. This usually means that the medical attendant can use the sani
tary flush toilet to dispose of bedpan contents. The sewer system will provide dilution 
of the wastes and some treatment at the end of the sewer. 

8.3.2 Septic tank 

Homes equipped with septic tanks are usually also equipped with flush toilets. Care 
must be taken, however, not to discharge large volumes of highly concentrated disin
fectant into a septic tank. The biological activity that takes place in the septic tank will 
be upset by such discharges and the result may be a clogged system (normally clean 
water runs from a septic tank into an underground seepage system). This is an un
satisfactory situation whether a patient is being treated or not. If there is doubt about 
whether liquid wastes should be put into a septic tank, the medical officer must judge 
if the disinfectant can be neutralized or if another disposal system must be used. 

8.3.3 Chemical toilet 

Chemical toilets utilize a steel tank containing 0.226 kg of caustic soda (sodium 
hydroxide) per litre to receive and treat human wastes. A seat and a cover are placed 
directly over the tank. Excreta deposited in the tank are liquefied and sterilized by the 
chemical. After several months of operation the spent chemical and liquefied matter are 
drained and deposited in a suitably located leaching cesspool. Chemical toilets vary in 
size, and are suitable for use in homes (500-litre capacity) or vehicles (40-litre capacity). 

If a chemical toilet is available, the medical officer should determine whether the 
toilet is in good operating order, i.e., the chemical is not exhausted. If the toilet is 
operational it can be used for liquid disposal. However, care must be taken to ensure 
that only toilet tissue or similar paper is put into the toilet and that the liquid capacity 
of the system is not exceeded by the quantity of liquids put into the tank. 

8. 3 .4 Latrine 

Latrines, or pit privies, are made in a large variety of types. A typical latrine, how
ever, would be a pit, about 1 metre square and 1 metre deep, in the ground, covered by 
a small shelter. The floor of the shelter may be of concrete or wood with a hole over 
the pit. Before using a latrine for disposal of liquid wastes, the medical officer should 
evaluate the latrine using the principles listed on p. 7 4. 

77 



Disposal of contaminated items 

If a latrine must be built for liquid-waste disposal, the principles must be followed 
as closely as possible. However, construction need not be as extensive as for more 
permanent installations. The example shown in Fig. 26 will provide an adequate dis
posal facility as long as its construction does not violate the disposal principles. For 
example, the hole must: 

• not be too shallow, 
• not intersect with the ground water, 
• not be too near a well or spring, and 
• be kept covered to keep insects out. 
Furthermore, considering the nature of the wastes to be disposed of, the local popu

lation should be kept away from it. 
The size of the hole will depend on the porosity of the surrounding soil. If the soil 

drains water easily, the size of the hole will not have to be large; however, if the soil 
does not drain well, the hole may have to be larger and be partially filled with sand or 
loose soil; otherwise a new hole will have to be constructed in a short time. The main 
consideration in deciding how large a hole should be made is the method for closing 
the top of the hole. If large dustbins with lids are available, the hole may be made 
circular and a bottomless bin inserted into the hole. The cover can be used to close the 
hole when it is not in use. Fig. 26 shows how this is done. Placing a plastic sheet around 
the can to form an apron and covering it with earth will complete the seal. When the 
disposal hole is no longer needed, it should be carefully filled with earth. Liquid should 
not be allowed to rise to the top of the hole during this filling process. 

Wash the inside of the can thoroughly with strong (5%) chlorine solution before 
removing it; if possible, incinerate the can and plastic sheet. 

Earth cover 

1m 

_j 
WH0831098 

Fig. 26. Latrine for liquids 
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9. Laboratory 

9.1 Need for laboratory safety 

In an emergency involving communicable or unusual diseases, access to a diagnostic 
laboratory is essential. The quick, accurate, and safe examination of specimens can 
help to ensure successful treatment of the patient. The medical officer in charge must 
use his or her judgement in deciding whether it is preferable to establish a temporary 
laboratory rather than send the specimens to a remote laboratory. On pp.81-85 are 
described the basic precautions that should be observed if a temporary laboratory 
is established or if use is made of a small laboratory that normally handles routine 
specimens. Of course, it is preferable that the isolation and identification of dangerous 
pathogens be carried out in a permanent, specially constructed, high-security lab
oratory, staffed by trained technicians, but there are a number of basic diagnostic 
procedures that may be carried out in small laboratories, provided that certain safety 
precautions are observed. 

The basic principle of laboratory safety is that laboratory personnel should be pre
vented from coming into contact with, or being exposed to, specimens from patients, 
either directly, or through exposure to an aerosol. 

• Direct contact may occur when a specimen is spilled or equipment is not properly 
decontaminated. 

• Aerosols may be generated by laboratory operations that involve high-speed 
mechanical mixing, grinding, shaking, stirring, or centrifuging of specimens containing 
infectious organisms. Other operations that are less obviously likely to create danger
ous aerosols include the opening of specimen containers (especially if the specimen is 
dry), the preparation of smears on microscope slides, and flaming transfer loops. 

All laboratory operations involving communicable or unusual diseases must be 
conducted with care and if possible in adequate containment equipment. 

Whenever possible, laboratory operations that do not create aerosols should be 
used if they will produce the same results as operations that do produce aerosols 
(e.g., quiet sedimentation instead of centrifugation). 
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9.2 Medical surveillance of laboratory staff 

• Laboratory staff working with specimens from patients suspected of having a 
communicable or unusual disease should be under constant medical surveillance. This 
should include, as a minimum, recording of temperature twice daily and the immediate 
reporting of any illness to his/her supervisor. Whenever possible, everyone working in 
the laboratory should be immunized against the disease. A record should be kept of the 
time each member of the staff enters and leaves the laboratory. 

• Baseline serum samples should be collected from all laboratory staff and other per
sonnel at risk, and stored. Additional serum specimens may be collected periodically. 

9.3 Establishing a temporary laboratory 

9.3.1 Selecting a room 

The considerations governing the selection and preparation of a room for the isolation 
of patients (see Chapter 2, pp.9-14) also apply to the selection of a room for use as 
a temporary diagnostic laboratory. The principal consideration is that the room (or 
building) should be used exclusively for the examination of specimens from patients 
involved in the emergency. If an existing hospital or diagnostic laboratory is used, the 
work area must be isolated from the normal patient diagnostic area, and the work of 
the two rooms must be kept strictly separate. The temporary laboratory should be 
located away from unrestricted traffic patterns. If possible, it should be well ventilated. 
In addition, the laboratory work will be facilitated if the room possesses the following 
features: 

• doors and windows that can be closed and locked; 

• screens on doors and windows to keep insects out, if the doors and windows must 
be kept open; 

• smooth, washable walls and floors that can be easily cleaned (the walls and floors 
should be free from holes and cracks); 

• an electricity supply-a portable generator may be necessary; 

• a wash-basin with running water. 

9.3.2 Organizing the room 

Once a room has been selected it should be organized so as to facilitate its decon
tamination when the room is no longer needed and to facilitate the laboratory work. 

• Remove all unneeded furniture, rugs, wall hangings, and curtains. Anything not 
needed for laboratory work that cannot be removed should be covered with plastic 
sheets to prevent contamination. 

• Tables to serve as laboratory benches should be brought into the room. If neces
sary, benches can be made from wooden planks set on boxes or other supports. They 
should be cleaned before use, and covered with plastic bags to create a cleanable sur
face during use. 
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• Other furniture (chairs, stools, cabinets) needed in the laboratory should be 
made of metal or wood (with no pillows or fabric covering) so that they can be decon
taminated. 

• The number of tables used and their location in the room depend on what is avail
able and what is needed. Arrange the benches and work so that operations involving 
contaminated materials are separated from ''clean' ' operations. Record books and 
paper should be kept in the ''clean'' part of the laboratory. 

• An anteroom should be constructed at the door of the laboratory, as described in 
"Isolation of patients", pp.l0-11. 

• Procedures for entering and leaving the laboratory and for handling waste should 
be established. The procedures described in "Isolated patient care", pp.23-30, should 
be followed. 

• An electric hotplate or gas burner for boiling contaminated equipment should be 
provided if an autoclave is not available. Chemicals and containers for decontamin
ation solutions must also be obtained. 

9.3.3 Ventilation 

• If a forced air supply and exhaust system is present, measure the direction of air
flow at the door and make adjustments as described in "Isolation of patients", p.14. 
If the exhaust system is large, it may be best to block the supply and exhaust vents to 
be sure that no contamination enters the system. 

• If there is only a forced air supply, the supply vents should be covered with paper 
or plastic to prevent air from coming into the room. 

• If there is no forced air supply system, windows may be opened to obtain venti
lation. Care should be exercised to ensure that strong draughts do not pass over the 
work (use cardboard or metal sheets to deflect the air towards the ceiling), and that air 
is not forced out of the room and into the remainder of the building. Also, the location 
of windows relative to both pedestrian traffic and other windows outside the room 
should be noted. If either pedestrians or windows are too close, the laboratory windows 
should be kept closed. 

9.4 Safety precautions in the temporary laboratory 

9.4.1 Personnel protection 

Laboratory personnel should wear protective clothing of equal quality to that worn 
by medical attendants caring for isolated patients, and should observe the same pro
cedures for changing clothing when they enter and leave the laboratory (see ''Personnel 
protection", pp.15-21). This precaution is very important in a temporary laboratory 
because sophisticated containment equipment (i.e., glove boxes) and air ventilation 
systems may not be available, leaving laboratory personnel to rely only on their 
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protective clothing. It is also important to stress attention to personal hygiene (i.e., 
washing hands and face) each time someone enters or leaves the laboratory. 

9.4 .2 Operational safety precautions 

The following operational precautions should be observed: 

• A sign indicating that only approved laboratory personnel may enter the lab
oratory should be placed on the entrance door. 

• No children, pregnant women, or patients taking medicine containing antibiotics 
(immunosuppressants) or similar chemicals should be allowed into the temporary 
laboratory. 

• Everyone working in the temporary laboratory should be warned about the haz
ards involved, and taught how to protect themselves. 

• Eating, drinking, smoking, storing food, and applying cosmetics should not be 
permitted in the laboratory. 

• Pipetting by mouth should not be allowed in the laboratory; syringes should not 
be used for pipetting. 

• The medical officer should observe the procedures used by the laboratory tech
nicians to be sure that proper techniques and safety precautions are used. 

• The laboratory should be cleaned routinely, using the technique presented in 
Table 2 for decontamination of floors (p.61). 

• Insects and rodents should be prevented from entering the laboratory (see ''Insect 
and rodent control", p.87). 

• All procedures should be conducted carefully to minimize the creation of aerosols. 

• All spills of contaminated materials (especially blood samples) should be treated 
immediately with chlorine and cleaned up (see Table 2, pp.57-61, for appropriate 
procedures). The medical officer should insist that laboratory staff advise him or her 
whenever such an incident occurs. 

• The medical officer should be advised immediately of any accidents involving the 
exposure or inoculation of laboratory personnel. 

9.4. 3 Safety equipment 

It is unlikely that the temporary laboratory will have a biological safety cabinet for 
operations that may create aerosols. a Therefore, the importance of wearing respiratory 
protection (see "Personnel protection", p.17) must be emphasized by the medical 
officer. Also, whenever possible, procedures that do not produce aerosols should be 
substituted for those that do create aerosols (e.g., quiet sedimentation for centrifuging). 

a Information about portable emergency safety equipment, including safety cabinets, is available from 
the Division of Communicable Diseases, World Health Organization, 1211 Geneva 27, Switzerland. 
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If, in the judgement of the medical officer, there is sufficient hazard from blood 
and other specimens, a crude, unventilated safety cabinet may be constructed from 
locally available materials. A cardboard box (or box made from similar light but rigid 
material) can be modified as shown in Fig. 27. It is important to note that while such 
a box will help reduce the hazard from aerosols and droplets, laboratory personnel 
should not be allowed to work with material in the box unless they are wearing a com
plete protective outfit (with respiratory protection). When it is no longer needed, the 
box may be disposed of by incineration. 

Hole for hands--

Fig. 27. Unventilated work box 
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/or glass taped in place 

-.-+----t-Hole for putting 
things into box 

Plastic cover WH0831100 

9.4 .4 Decontamination 

All laboratory equipment must be cleaned as soon as possible after use. The appro
priate decontamination procedures are described in Table 2, pp.57-61. 

Particular attention should be paid to the following points: 

• Work surfaces should be decontaminated at least once a day and after each spill 
of viable material. 

• Work surfaces should be decontaminated when a procedure is finished. The use 
of plastic-backed paper towelling on work surfaces facilitates clean-up following the 
completion of activities. 
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• All contaminated liquid or solid wastes should be decontaminated or placed in 
plastic bags for disposal. Contaminated materials that are to be autoclaved or incin
erated at a site away from the laboratory should be placed in a durable leakproof con
tainer which is closed before being removed from the laboratory. 

• When the laboratory is no longer needed, everything in the room must be washed 
with a decontamination solution (including the floor and walls). Items to be disposed 
of by incineration should be washed and placed in plastic bags for transportation to 
the incinerator. 
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10. Insect and rodent control 

10.1 General considerations 

10 .1.1 Importance of control 

Insect and rodent control in emergencies involving communicable or unusual diseases 
is important for several reasons. The following is a partial list of diseases or syndromes 
carried by, or associated with, arthropods and rodents: 

Mosquitos 
Houseflies 
Cockroaches 
Lice 
Cone-nosed bugs 
Ticks 
Rodent mites 
Rodent fleas 
Rodents 
Mites 

malaria, yellow fever, dengue, viral encephalitis, filariasis 
diarrhoea, dysentery, conjunctivitis, typhoid fever 
diarrhoea, dysentery, salmonellosis 
endemic typhus, pediculosis, relapsing fever, trench fever, skin irritation 
Chagas' disease 
rickettsial fever, tularaemia, relapsing fever, viral encephalitis 
rickettsial pox, scrub typhus 
bubonic plague, endemic typhus 
rat-bite fever, leptospirosis, salmonellosis, melioidosis, Lassa fever 
scabies 

If insects and rodents are not controlled, they may cause secondary infections in 
patients suffering from a communicable or unusual disease. They may also spread the 
disease from one patient to another. 

If it is known or suspected that a patient's illness is carried by local insects, it is 
recommended that several specimens be captured for later identification by an expert. 
An insect may be captured and killed by placing a tuft of cotton-wool soaked in ether 
or chloroform in an open, large-mouthed jar and inverting it over the insect. 

10.1.2 Air transportation 

Pest control in aircraft and other forms of public transportation is of concern as 
disease-carrying insects may be unknowingly brought into a country and may infect 
people travelling with them. 
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10. 1. 3 Control during epidemics 

Measures for control of insects and rodents in communities during epidemics should 
be undertaken only by trained personnel, as far as is practicable. In the case of a wide
spread outbreak of a communicable or unusual disease necessitating such measures, 
the medical officer should immediately report to the appropriate authorities and re
quest help. The availability of a contingency plan and attendant preparations will be 
useful in such situations, including access to appropriate guidelines, e.g., Emergency 
vector control after natural disasters, published by the Pan American Health Organiz
ation, Washington, DC, USA (PAHO Scientific Publication, No. 419). 

10.2 Control methods 

There are two basic methods for controlling insects and rodents: (a) sanitation 
measures, and (b) application of pesticides. Sanitation methods should be used wher
ever possible, because patients are involved. However, complete control or eradication 
of pests usually requires application of pesticides in addition. 

10.2 .1 Sanitation measures 

The sanitation measures recommended below are necessary to provide a healthy 
environment for the recovery of the patient. At the same time, they will help to control 
pests. 

• The patient-room and adjacent rooms should be kept scrupulously clean. Uneaten 
food should be removed immediately from the room and anything spilled on furniture 
or the floor should be cleaned up at once. There should not be any rugs on the floors 
of patient-rooms or anterooms. 

• Garbage and refuse should be kept in closed containers until they can be disposed 
of. Disposal procedures should require that garbage and refuse are incinerated or 
adequately buried (see "Disposal of contaminated items", p.73). 

• The patient-room and adjacent rooms should be inspected for cracks and crevices 
in walls, floors, and ceilings. Fill in with plaster any that are found, so as to eliminate 
breeding places and points of access to the room. 

• The area surrounding the building that houses the patient should be inspected to 
locate potential food sources or breeding places for pests (e.g., organic wastes, manure, 
stagnant water). Remove or bury any such material that is found. 

(a) Insect control. The following measures may be taken in addition to the basic 
sanitation measures described above. 

• Screens: if weather conditions allow doors and windows to be open, they should 
be covered by screens with 6 meshes per em (16 meshes per inch). The room should 
be inspected for other openings, e.g., air ducts and floor drainage holes at the base of 
walls, all of which should be covered with screens or plugged. If possible, screen doors 
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should open outwards and be protected from accidental damage (use heavy-calibre 
wire netting or similar material). 

• Mosquito netting: when metal screens are not available cloth bed-nets may be used 
to cover the patient's bed. Care must be taken to inspect the area under the netting for 
insects and to destroy any that are found. Once the patient has recovered or has been 
moved, the netting should be decontaminated and washed (or destroyed) as described 
for bedding in "Isolated patient care", p.29. 

(b) Rodent control. If rats, mice or other rodents are present, every effort must be 
made to remove them and to prevent their future access. Traps or rodenticides must 
be used. If plague is present or suspected, special precautions should be taken to kill 
the rat fleas before any rodent control is carried out since fleas will leave a dead rat 
as soon as the body cools and may transmit plague to humans. DDT or some other 
suitable insecticide powder should be used to dust all suspected areas. 

The presence of rats or mice may be detected by looking for droppings, freshly 
gnawed surfaces (especially on food containers) and fresh tracks in dust, flour, or other 
powders. If a live rat is seen in the daytime, it is an indication of the existence of about 
15-20 rats nearby. In the absence of a poisoning operation, the presence of an unusual 
number of dead rats may be an early indication of the existence of plague and should 
be reported promptly to the health authorities. The control of rats is not easy, and if 
possible the assistance of an expert should be obtained. 

Rodent control includes: 

1. Elimination of harbourages, i.e., places where rodents may build nests or find 
concealment. This is done by cleaning up rubbish and clearing materials from under 
buildings, porches and similar enclosed areas. Stored materials (boxes, lumber, etc.) 
should be stacked in a compact manner on supports at least 30 em above the ground 
and the same distance from building walls. 

2. Prevention of access to buildings. Elaborate precautions are necessary to prevent 
rats from entering a building. All routes of access must be identified and barriers con
structed. Rats are agile; they can: 

• jump as high as 60 em; 

• burrow 60 em into the earth; 

• climb smooth pipes of diameter smaller than 7.5 em; 

• squeeze through openings slightly larger than 1 em in width; 

• travel along horizontal electrical wires; and 

• gnaw wood to enlarge openings. 

Typically, heavy (24-gauge US or British standard) galvanized iron, or 16-gauge 
galvanized woven wire of not over 1 em (% inch) mesh should be used to cover 
openings. 
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10.2.2 Pesticides 

Pesticides should be used to control insects or rodents only when sanitation methods 
are not adequate. When using pesticides, the following considerations must be kept in 
mind: 

• Their toxicity to man varies- extreme caution should be exercised to ensure that 
the pesticide will not harm the patient(s) or personnel who mix and apply it (they 
should wear appropriate protective clothing). 

• Care should be exercised to ensure that people, especially children, are not exposed 
to the pesticide during its use. 

• Care must be taken to select a pesticide that will be effective against the insects 
or rodents of interest. 

Because of the large number of pesticides and the variety of brand names under which 
they are available, it is not possible to provide information on individual compounds. 
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11. ~t\utopsy 

In view of the high risk of transmitting a disease to personnel in the pathology unit, 
it is not recommended that autopsies be performed on persons who have died from 
a communicable or unusual disease. However, an autopsy may be undertaken with 
caution should there be reason to believe that it will yield knowledge of considerable 
value. The safety measures that should be observed in carrying out the autopsy are 
described below. 

11.1 Personnel protection 

The number of people allowed in the operating room should be limited to those 
directly involved in the operation. If immunizations are available, personnel involved 
in the operation should be required to be immunized. Complete protective clothing, 
including full-face respirators, should be worn (see "Personnel protection", pp.15-21). 
The use of surgical face masks is not considered adequate. 

11.2 Body wrapping 

Before removal from the isolation room, the patient's body should be wrapped in two 
layers of plastic sheeting, which are wiped with a disinfectant-soaked (0.5% chlorine 
or 2% formalin) cloth after each layer has been sealed with tape. After the autopsy 
has been completed, the wrappings should be resealed, and wiped with disinfectant, 
as described above. 

11.3 Autopsy procedures 

The autopsy should be planned so that the body is opened only enough to obtain 
the necessary samples and then immediately closed. The following precautions should 
be observed, as well as those discussed in "Specimen collection and shipment", 
pp.37-54: 

• Needle or drill biopsy of tissue should be used if this will obtain the needed 
samples. 
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• Washing of body cavities and rinsing of tissues should be avoided. 

• Body fluids should be absorbed on suitable material, which should be left in the 
body cavities. 

• Histological tissue samples should be immersed immediately in a fixative such as 
formalin. 

• Specimens for virological studies should be put directly into sterile screw-cap 
containers, which should then be rinsed in formalin and removed from the room. 

• The body wrappings should be opened only enough to obtain samples and then 
closed, wiping each layer with a cloth soaked in chlorine or formalin after it has been 
sealed. 

• After the post-mortem has been completed, operating personnel should leave the 
room and disrobe in an anteroom using the procedure for removal of protective cloth
ing outlined on pp.20-21. 

11.4 Operating-room decontamination 
When the autopsy is planned, the operating room selected should be inspected and 

all unneeded equipment removed or covered with plastic sheeting to facilitate the de
contamination procedure. 

As soon as possible after the post-mortem has been completed, the operating room 
should be thoroughly washed with sodium hypochlorite solution containing 0. 5% 
available chlorine and left unused for 24 hours. Protective clothing should be worn by 
cleaning personnel (see "Personnel protection", pp.15-21 ). 

11.5 Operating-room ventilation 

If the operating room is provided with a central air supply and exhaust, it should be 
checked to be sure air flows into the room. Open the door a few millimetres and test 
the direction of airflow with smoke or a thin strip of tissue. If air is flowing out of the 
door of the room, tape cardboard or plastic sheets over supply ventilators until the net 
airflow through the open door is into the room (see p.14). 

Exhaust air from the room should be filtered to remove airborne organisms. A 
temporary filter may be made by taping one or two layers of gauze, wetted with dis
infectant, over the exhaust ventilators. Check the airflow through the door with wet 
gauze in place before performing the autopsy to be sure that air flows into the room. 
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12. Burial procedures 

12.1 General considerations 

The health official should try to conform to local burial customs while observing 
good public health practices and respecting local laws. This is important because 
experience has shown that people in some areas may be unwilling to report diseases, 
fearing that if a family member is taken to hospital and dies, his or her body will not 
be returned home for burial. The health official should reassure the community that 
local burial will be permitted provided that the necessary health practices are observed 
to protect the community from the disease. 

12.2 Preparation for burial 

Corpses should be wrapped in two thicknesses of absorbent sheeting soaked with 
disinfectant (0.5% chlorine or 2% formalin) and then wrapped in a plastic sheet sealed 
with tape. Contact with the corpse should be limited to trained personnel. The safety 
precautions for transporting sick patients should be followed when taking corpses to 
the cemetery (see "Transportation of a patient", pp.33-34). 

12.3 Burial ceremonies 

Burial ceremonies should be brief and limited to family members. When it is not 
contrary to local custom, health officials should encourage the family to have the body 
cremated. The medical officer or medical staff should be present during the entire burial 
process to ensure that members of the family are not exposed to infection. 
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Annex 1 

Addresses of WHO Headquarters 
and Regional Offices 

WHO Headquarters 

World Health Organization, CH-1211 Geneva 27, Switzerland 
Telephone: (022) 91 21 11 

WHO Regional Offices 

WHO Regional Office for Africa, P.O. Box 6, Brazzaville, Congo 
Telephone: 81 38 60 

WHO Regional Office for the Americas/Pan American Sanitary Bureau, 
525 Twenty-third Street NW, Washington, DC 20037, USA 

Telephone: (202) 861-3200 

WHO Regional Office for South-East Asia, World Health House, 
Indraprastha Estate, Mahatma Gandhi Road, New Delhi-110002, India 

Telephone: 331 7804 

WHO Regional Office for Europe, 8 Scherfigsvej, 
2100 Copenhagen 0, Denmark 

Telephone: 29 01 11 

WHO Regional Office for the Eastern Mediterranean, P.O. Box 1517, 
Alexandria- 21511, Egypt 

Telephone: 49-300 90 

WHO Regional Office for the Western Pacific, P.O. Box 2932, 
Manila 2801, Philippines 

Telephone: 59 20 41 
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This manual is designe for the guidance 
of the public health off cer and his team 
investigating a suspect d outbreak of 
a communicable diseas . The safety 
measures discussed in tude initial 
emergency actions, pa ·ent isolation, 
personnel protection, p tient transportation, 
specimen collection an analysis, 
contamination control, nd handling of 
deceased patients. Th procedures are 
presented in a logical s ep-by-step sequence, 
and information is pro ded on how locally 
available facilities and aterials may be 
adapted for emergency use. 

The information given i the manual is also 
applicable to many rout ne clinical, laboratory, 
and general public heal h activities, 
particularly for primary health care. 
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