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1. Introduction

In 1989, the World Health Assembly declared the goal of global measles control, defined as
"the reduction in measles incidence of 90% from pre-immunization levels by 1995"
(WHA, 1989).

In 1990, this goal was further refined by heads of state during the World Summit for Children
to "the reduction by 95% in measles deaths and reduction by 90% in measles cases compared
to pre-immunization levels by 1995, as a major step to the global eradication of measles in the
longer run" (WHO, 1992).

The Global Programme for Vaccines (formerly comprised in part by the Expanded
Programme on Immunization) of the World Health Organization (WHO) has recommended a
series of strategies for achieving the measles control goals (WHO, 1993a). At country level,
these strategies include achieving coverage of at least 90% of infants under one year of age
with one dose of potent measles vaccine, the vaccination of other age-groups, as indicated
through epidemiological analysis, the vaccination of high-risk groups, including children
admitted to hospital, the elimination of missed opportunities for vaccination, and the
systematic development and implementation of mass communication, epidemiological
surveillance, outbreak response and improved clinical case management.

Measles is generally considered one of the most infectious human pathogens, and certainly
the most contagious vaccine-preventable disease. This is due to the ability of the virus to
remain airborne for extended periods in small-aerosolized droplets released by the patient
upon coughing (Bloch, 1981; Langmuir, 1980; Remington, 1985).

Measles transmission is therefore facilitated by the collection of susceptible individuals in
confined spaces where aerosolized droplets containing measles virus are not readily cleared
from the air. Settings where susceptible persons congregate and risk exposure to infected
persons constitute an ideal environment for measles transmission. Outside the home, high-risk
settings include educational facilities, gymnasia, churches, orphanages, refugee camps and
health facilities (Markowitz, 1989; Gindler, 1992).

Health facilities are of particular concern because of the enhanced risk of exposure to
persons with measles who have been brought for diagnosis and treatment.

Cases of nosocomial measles are those which are acquired as a result of being infected in a
health facility. The purpose of this paper is to review the recent literature, where possible to
quantify the contribution of nosocomial transmission to overall measles incidence and to
provide practical recommendations to national EPI programme managers on strategies to
minimize opportunities for nosocomial transmission.
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2. Epidemiology of
nosocomial measles

An early study of nosocomial infection conducted in 1946-47 in 26 children's wards in
14 representative hospitals throughout the United Kingdom found that 12% of all nosocomial
infections were due to measles (Watkins, 1949). A similar finding was reported among low
socioeconomic class black children admitted to a major teaching hospital in South Africa in
1987 (Cotton, 1989). Both studies may have under-estimated the proportion of nosocomial
infections due to measles since post-discharge surveillance was not performed in the former
study, or limited to readmitted patients in the latter.

The relative contribution of nosocomial transmission to the overall incidence of measles
appears to vary considerably, in accordance with the prevailing epidemiology of measles
(Table 1).

Published national measles surveillance data are available from the USA during the decade of
the 1980s, where high vaccination coverage reduced measles incidence to historically low
levels and the great majority of reported cases were clustered in outbreaks (WHO, 1990).
Data include information on the probable source of exposure for an average of half of
reported cases.

Overall, less than 10% of cases with a reported probable source of exposure were infected in
health facility settings during the period 1980-90, but nosocomial transmission, as a proportion
of all exposures, increased 20-fold in roughly linear fashion during the period. Although these
data are limited by the potential bias associated with the large proportion of cases with no
reported source of exposure, it is unlikely that this would explain the increasing trend
observed in the contribution of nosocomial spread.

Analysing data derived from measles outbreak investigations available from three
industrialized countries (France, South Africa and USA), the proportion of cases with
reported exposure in health facility settings ranged from 15% to 72%. The proportion of
cases associated with nosocomial spread was reported to be generally lower in community-
based studies (CDC, 1984; Dales, 1985; Istre, 1987) than in studies of specific urban health
facility-based outbreaks or those restricted to hospitalized cases (Foulon, 1986; CDC, 1987;
Reynolds, 1987; Sienko, 1987; McGrath, 1992; Mason, 1993). This finding is to be expected
since facility-based studies tend to exaggerate the importance of community members who
use health facilities with greater frequency and therefore tend to over-estimate the rate at
which the event actually occurs in the community.

Case-control studies performed in Los Angeles and Houston showed that attendance at a
hospital emergency room 10-18 days prior to rash onset was a significant risk factor for
acquiring measles (Farizo, 1991).



WHO/EPI/GEN/94.6 3

Analysing data derived from measles outbreak investigations available from six developing
countries (Brazil, Burundi, Cameroon, Côte d'Ivoire, Guinea-Bissau and Mozambique), the
proportion of cases with reported exposure in health facility settings ranged from 21% to
71%. The proportion of cases associated with nosocomial spread was reported to be
generally similar in a community-based study (PAHO, 1983) and in studies of specific urban
health facility-based outbreaks or those restricted to hospitalized cases (Guyer, 1976; Rabelo;
1982; Aaby, 1985).

A case-control study performed in Abidjan also showed that attendance at a hospital
emergency room during the measles incubation period was a significant risk factor for
acquiring measles (WHO, 1986a; Klein-Zabban, 1987). However, a study in a rural area of
Burundi found no difference in the proportion of cases and controls who had visited a health
facility during the previous month (Chen, 1990). Furthermore, a separate community-based
study found that only 1% of measles cases had visited a health facility during the previous
month.

In summary, these studies demonstrate that nosocomial contact is an important mechanism of
measles transmission in industrialized countries and in the urban setting in developing
countries. Furthermore, evidence from the USA suggests that the relative contribution of
nosocomial transmission to measles incidence may be expected to increase in the future as
high vaccination coverage rates are achieved in more countries (WHO, 1993a) and where
endemic (non-outbreak) measles declines substantially in importance.

However, the findings also suggest that transmission by the nosocomial route does not yet
contribute significantly to measles incidence in rural communities in developing countries
where vaccination coverage remains low moderate and where either access to health
facilities or their utilization by community members for diseases like measles is limited.
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Table 1(a). Relative contribution of nosocomial transmission to
measles incidence in developed and developing countries

(Industrialized countries)

Country Year Cases associated
with nosocomial

spread (%)

Reference

National surveillance

   USA

   "

   "

   "

   "

   "

   "

   "

Outbreak investigations:

a) community-based

   USA (Oklahoma)

   USA (California)

   USA (Hawaii)

b) facility-based

   France

   USA (Michigan)

   USA (New Mexico)

   South Africa

   USA (Michigan)

   USA (California)

c) case-control

   USA (California)

   USA (Texas)

1980

1981

1982

1983

1984

1985

1987

1989-90

1981-85

1983

1984

1983-84

1985

1986

1985-86

1990

1990

1988-89

1988-89

0.4

1.1

1.2

3.7

2.5

4.7

6.2

9.0

27

29

15

16

57

43

25

48

72

231

411

CDC, 1981

Davis, 1986

"

"

"

CDC, 1986

CDC, 1988

Gindler, 1992

Istre, 1987

Dales, 1985

CDC, 1984

Foulon, 1986

Sienko, 1987

CDC, 1987

Reynolds, 1987

McGrath, 1992

Mason, 1993

Farizo, 1991

Farizo, 1991

1 Significantly more cases than controls had visited a health facility during the measles
incubation period.
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Table 1(a). Relative contribution of nosocomial transmission to
measles incidence in developed and developing countries

(Developing countries)

Country Year Cases associated
with nosocomial

spread (%)

Reference

Outbreak investigations:

a) community-based

   Brazil

b) facility-based

   Cameroon

   Mozambique

   Guinea-Bissau

c) case-control

   Côte d'Ivoire

   Burundi

1983

1975

1980

1980-82

1985

1988

21

35

33

16

711

322

PAHO, 1984

Guyer, 1976

Rabelo, 1982

Aaby, 1985

Klein-Zabban, 1987

Chen, 1990

1 Significantly more cases than controls had visited a health facility during the measles
incubation period.

2 There was no significant difference in the proportion of cases and controls who had visited a
health facility during the previous month. A separate community-based study found that only
% of measles cases had visited a health facility during the previous month.
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3. Factors influencing the control
of nosocomial measles

3.1 Characteristics of transmission

Measles is an acute, highly contagious disease transmitted by direct contact with infectious
droplets or, less commonly, by airborne spread (American Academy of Pediatrics, 1991).
Immunity following disease is lifelong; seroconversion following successful immunization is
also, for all practical purposes, lifelong.

As noted previously, the virus is secreted in the nasopharynx and released in aerosolized
droplets upon coughing. Several studies have demonstrated that infection can occur by
airborne spread without face-to-face contact with a case. Indeed, measles transmission has
been documented in situations where a measles case patient left the room up to two hours
prior to the arrival of persons who subsequently acquired infection (Bloch, 1981; CDC, 1983a,
1983b, 1984, 1987; Chen, 1989, Remington, 1985; Sienko, 1987). In a US high school, a child
with a vigorous cough caused an explosive single-generation measles epidemic among 69
non-immune children, many of whom had no direct contact with the index case but shared the
same corridors between classes (Chen, 1989).

Because measles patients are contagious from three to five days before rash onset (one to
two days before the onset of fever and other symptoms), it is often difficult to identify
infectious patients, many of whom may still exhibit non-specific symptoms (Figure 1).

3.2 Age and severity of disease

Measles transmission is facilitated by human proximity or crowding (Greenwood, 1988), as
may occur in busy clinics. The increased risk of severity of measles disease in crowded
conditions has been well-documented in developing countries (Sharma, 1984; Aaby, 1984,
1986, 1988; Lamb, 1988; Garenne, 1990). Indeed, crowding (a proxy for the intensity of the
dose of virus received) appears to be more important than nutritional status (a proxy for host
resistance) in determining the severity (Aaby, 1986; Lamb, 1988). Other studies have shown
that complication rates from measles as well as case fatality rates were significantly higher,
and recovery times longer, in infants and young children who acquired measles nosocomially
compared to those who acquired disease in the community (Glyn-Jones, 1972; Foulon, 1986;
Reynolds, 1987; Hussey, 1990).
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Figure 1. Clinical course of measles (1)

(1) Adapted from Krugman and Ward, 1973, and Benenson, 1990. Day 0 corresponds to the
end of the incubation period and the start of a rapid replication of the virus as expressed in a
rise in temperature and the start of the period of infectivity. Rash and other symptoms follow
some days later.

(2) Symptoms: cough and/or coryza and/or conjunctivitis.

In the US during 1983B84, 20% of all measles cases occurred in infants and children too
young to have been eligible for vaccination, whereas 59% of all nosocomially-acquired cases
during the same period were ineligible (Davis, 1986). Infants and young children may be at
greater risk of acquiring measles in medical settings because of more frequent visits to
medical facilities, for example, for well-baby clinics. This finding has important implications
for the design of recommendations for the prevention of measles transmission in health care
settings.

3.3 Characteristics of health facilities

Health facilities play an important role in the transmission of measles, not only within their
walls but to the whole community, both in industrialized countries (Bloch, 1981; CDC, 1981,
1983b, 1984, 1986, 1987, 1988; Davis, 1986; Farizo, 1991; Foulon, 1986; Gindler, 1992; Istre,
1987; McGrath, 1992; Mason, 1993; Remington, 1985; Reynolds, 1987; Sienko, 1987) and
developing countries (Aaby, 1985; Chen, 1990; Cotton, 1989; Foulon, 1983; Gao, 1988; Guyer,
1976; Klein-Zabban, 1987; PAHO, 1984; Rabelo, 1982).

A five-year retrospective study in the US in the early 1980s found that the greatest proportion
of nosocomially-acquired measles infections were reported from hospitals (47%), from
physicians' offices (35%) and from out-patient clinics (15%) (Davis, 1986). During
community-wide measles outbreaks in two US cities, visiting a hospital emergency room
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10B18 days prior to rash onset was a significant risk factor for acquiring disease (Farizo,
1991). Measles transmission also occurred in pharmacies, non-hospital emergency centres, in
a drug rehabilitation centre and a laboratory. Forty-five per cent of measles cases evaluated
in another US study resulted either directly or indirectly from specific exposure in medical
waiting rooms (Istre, 1987). In developing countries, maternal-child clinics have been
implicated in the nosocomial spread of measles (Foulon, 1983; Guyer, 1976).

The documentation of measles transmission by airborne spread underscores the importance
of the physical organization of medical settings to prevent non-immune children from coming
into contact with children who are incubating measles disease. Studies of measles outbreaks
in the US revealed that low relative humidity and the lack of fresh air circulation in the
waiting room appeared to facilitate measles transmission (Remington, 1985).

3.4 Role of health staff

While most nosocomially-spread measles outbreaks involve non-immune health facility
attendees, non-immune health care providers are often affected, especially in countries where
measles has not been endemic for many years (Enguidanos, 1992; Gurevich, 1992;
Navarrete-Navarro, 1990; Rivera, 1991; Schwarcz, 1992; Subbarao, 1991). A five-year study
in the US in the early 1980s revealed that, among nosocomially transmitted measles cases,
50% occurred between patients, 37% patient-to-staff, 8% patient-to-visitor, 3% staff-to-staff,
and 2% staff-to-patient (Davis, 1986). Staff who acquired measles most frequently were
those who had contact with patients or laboratory specimens, including nurses, physicians,
laboratory technicians and clerk-receptionists.

In contrast to industrialized countries, many health care providers in developing countries
grew up before the era of measles vaccination and are therefore most likely to be naturally
immune and unable to contribute to measles transmission in their workplace.

3.5 Prevention through vaccination

If all infants and children were immune to measles upon entering the medical setting, that is,
before exposure to a case, nosocomial transmission could not occur. However, using routine
vaccination schedules which limit measles vaccination to children nine months of age and
older will fail to protect susceptible infants under nine months of age and vaccine failures
which occur in the population. In addition, the ascertainment of measles vaccination status
among infants and children, especially in developing countries, is complicated by generally low
vaccination card-retention rates. The prevention of nosocomially-acquired measles through
pre-exposure vaccination therefore requires modifications to the routine vaccination schedule.

Several studies have demonstrated that measles vaccine is effective in preventing the
development of clinical measles in exposed individuals if vaccination is carried out within 72
hours of exposure (WHO, 1993b). The rate of protection varied between 68% and 100%.
Four studies of household or institutional (including nosocomial) exposure reported protection
of 94% or greater. However, the effectiveness of post-exposure prophylaxis among children
under one year of age, particularly those less than nine months of age, has not been studied.
Nevertheless, these findings support recommendations to vaccinate exposed individuals with
measles vaccine within 72 hours of exposure (American Academy of Pediatrics, 1991).
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4. Recommended strategies
to minimize nosocomial

transmission

While the public health importance of nosocomial measles transmission has been established
in many situations, it is clear that, due to a number of limiting factors described above,
including the highly contagious nature of the disease in the pre-prodromal phase, it will not be
possible to eliminate nosocomial transmission entirely. However, a number of strategies are
available to minimize nosocomial spread.

Fundamentally, it is vital to maximize awareness among health facility staff that a measles
case could enter the facility at any time and to assume that a constant risk of nosocomial
spread of measles to non-immune persons exists. In response, health facility staff should
maintain a constant state of preparedness to minimize the risk of nosocomial infection.

The following recommendations are divided into two groups: recommendations which are
generally applicable, and some additional recommendations which may be suitable only for
industrialized countries where more resources are available.

4.1 General recommendations

4.1.1 Maintain high measles coverage in the community

The primary mechanism by which nosocomial spread of measles may be minimized is to
prevent the accumulation of susceptible individuals by maintaining measles vaccination
coverage in the community as high as possible. Several operational strategies for achieving
high coverage have previously been described in detail (WHO, 1993a). According to the
epidemiological conditions prevalent and resources available in a specific country, or province
or state within a country, a combination of strategies may be required including routine
vaccination, special actions for high-risk groups or areas and national immunization days.

Since there are virtually no contraindications to measles vaccination, measles vaccine should
be administered regardless of patients' health status. Vaccination with measles vaccine is
particularly important for malnourished children and those with chronic illness, as they are at
an increased risk of measles complications.

4.1.2 Reduce the age of vaccination during outbreaks

WHO recommends that the age of administration of measles vaccine be lowered to six
months while measles outbreaks are in progress in the community. Vaccine should be
administered any time after completing six months of age and, for infants vaccinated between
six and nine months of age, a second dose should be administered as soon as possible after
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completing nine months of age (in industrialized countries, at 12 or 15 months of age,
depending on national schedules), provided that at least four weeks have elapsed since the
last dose. The second dose at nine months of age is important because the serological
response to a dose given before the recommended age of immunization may be significantly
lower, resulting in lower levels of protection. Parents should receive instructions to this effect
at the time the early dose is administered. [This procedure concerning revaccination of
children vaccinated before nine months of age also applies to sections 4.1.3 and 4.1.4
below].

4.1.3 Eliminate missed opportunities for vaccination

Missed opportunities for vaccination should be completely eliminated by routinely checking
the vaccination status of all children attending any health facility for any reason.
This recommendation should be implemented at all immunization clinics, physicians' offices
and public and private clinics, health centres and hospital emergency and outpatient wards.

A history of measles disease is not a sufficient reason to defer vaccination since physicians,
health care workers, mothers and other caretakers occasionally mistake other fever and rash
illnesses for measles. Furthermore, a verbal history of measles vaccination is not reliable and
is insufficient to contraindicate vaccination B only card-documentation should be accepted.

In developing countries, where vaccination cards or clinic records are often missing, local
conditions should be evaluated when determining the criteria for administering measles
vaccine to children whose vaccination status cannot be verified. In general, it is
recommended that during a measles outbreak all children aged six months to nine years
without documented evidence of measles vaccination receive measles vaccine (see section
4.1.2). In the absence of measles outbreaks, it is recommended that all children aged nine
months to at least two years without documented evidence of measles vaccination receive
measles vaccine.

Ten major causes for missed opportunities for vaccination have been identified
(Hirshorn, 1990):

• health workers' use of false contraindications;

• health workers' incorrect screening of vaccination cards;

• vaccine unavailable at the clinic;

• clinic too crowded, disorganized or understaffed;

• cancellation of a scheduled immunization session;

• mothers too busy to wait, misinformed or alienated;

• health workers' refusal to open a vial for few children;

• health workers' acceptance of a verbal history of measles;

• health workers' failure to administer antigens simultaneously;
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• failure to vaccinate a child identified as eligible to receive vaccine because the completed
vaccination card was returned before vaccine was administered and the parent/guardian
misunderstood that the child should wait.

A simple methodology is available for assessing the extent of missed opportunities for
vaccination (WHO, 1986b). Systematic efforts must be made to eliminate all missed
opportunities for vaccination. Any child eligible for measles vaccine (or other antigens, or any
woman eligible for tetanus toxoid) must receive the appropriate catch-up dose(s) before
leaving the facility. Even if a non-immune person is inadvertently exposed to measles through
direct or indirect contact with a case, measles vaccine will provide protection if administered
within 72 hours of exposure.

4.1.4 Ensure adequate measles vaccination status among hospitalized patients

The vaccination status of all hospitalized patients should be rigorously checked. WHO
recommends that, in developing countries, a dose of measles vaccine be given to
unvaccinated infants aged six months to nine years upon admission to hospital, even if there
is documented evidence of previous measles vaccination, but the precise age range may be
adjusted in light of local conditions (see section 4.1.2). In industrialized countries, only those
admitted patients who lack documentation of vaccination need be vaccinated.

Even under ideal circumstances, measles vaccine is associated with an efficacy of 80B90%
in developing countries (Hull, 1983; PAHO, 1984; WHO, 1984; Dabis, 1988; Thapa, 1992).
Greater levels of protection may therefore be achieved by administering an extra dose of
measles vaccine to vaccinated infants and children upon admission to hospital, thereby
reducing the likelihood of vaccine failure which may lead to nosocomial transmission.

In addition, to guarantee that no opportunities are missed, the vaccination status of patients
should be checked again before discharge. Vaccination of those without documentation of
previous measles vaccination will reduce the chances of a child returning home while
incubating a nosocomially-acquired measles infection. Failure to do this could result in the
infection of children in the community with measles originating in the hospital.

Exposed non-immune contacts of hospitalized measles cases, such as patients sharing the
same ward and visitors, aged six months to nine years should receive one dose of measles
vaccine, where possible, within 72 hours of exposure (see section 4.1.2). WHO does not
recommend the use of hyper-immune measles gamma globulin (IMGG), since it is less
effective and more costly than measles vaccine for use with non-immunocompromised
patients.

4.1.5 Isolate fever and rash cases upon arrival

Cases of fever and rash should be considered as suspected measles until proven otherwise.
Differential diagnoses include dengue fever, meningococcal meningitis, rubella, and other viral
exanthema. To reduce the chance of exposure, cases of fever and rash presenting at a health
facility should preferably not enter the common waiting areas. Where available, such cases
should be fitted with a mask and taken directly to a different room reserved for diseases
subject to respiratory isolation. Alternatively, where female literacy is more common, a sign
may be mounted outside the health facility instructing parents/guardians bringing a child with
rash to wait outside and ask another attendee to inform the staff that the child has arrived.
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To reduce the severity and risk of complications following measles illness, vitamin A
supplements should be administered to all children admitted to hospital who are suspected of
having measles (see Annex).

4.1.6 Inform the health authorities

Measles is a reportable disease in almost all countries. All cases of measles should be
reported promptly to the district health authorities in accordance with local procedures. In
addition, where appropriate, nosocomially-acquired measles cases should be reported
immediately to hospital infection control authorities for immediate investigation and response.

4.2 Specific recommendations for industrialized countries

4.2.1 Ensure adequate measles vaccination status among health facility staff

To prevent nosocomial spread of measles in the hospital setting, all staff should be immune.
Any staff member who cannot provide documentary proof of measles vaccination or
adequate measles antibody titres at the time of employment should receive measles vaccine.
There is no increased risk of adverse events associated with administering measles vaccine
to individuals who have had measles disease or who have been previously vaccinated.

4.2.2 Separate sick and well children attending health facilities

Where resources permit, sick and well children attending health facilities should be physically
separated in different waiting areas to reduce the chance of nosocomial measles
transmission. However, care should be taken to ensure that these two groups do not
subsequently share the same room or same staff for weighing, clinical examination,
vaccination or other consultation, since this would clearly defeat the purpose of their initial
separation by allowing the possibility of airborne measles transmission.

4.2.3 Administer gamma globulin to immunocompromised contacts of measles cases

Due to the risk of overwhelming viraemia, live virus vaccines such as measles vaccine are
contraindicated in individuals with congenital disorders of immune function or those receiving
immunosuppressive therapy. Hence, immunocompromised contacts of measles cases should
receive hyper-immune measles gamma globulin (IMGG), as soon as possible after exposure.
However, persons infected with the human immunodeficiency virus (HIV) or with suspected
or confirmed acquired immunodeficiency syndrome (AIDS) may receive live measles
vaccine without risk.

4.2.4 Improve ventilation in health facilities

Ideally, a quarantine area with a separate entrance, waiting, examining and treatment areas
and toilets should be included in the design of health facilities to prevent nosocomial spread of
infectious diseases such as measles. Where only a common waiting and examining area is
available in a health facility, a number of air-flow engineering modifications have been
proposed in order to clear the air of aerosolized measles virus and hence reduce the risk of
disease transmission. However, such high-cost and/or high technology solutions are
dependent upon the availability of resources and are therefore suggested by WHO but not
recommended at this time.



WHO/EPI/GEN/94.6 13

Acknowledgements

The authors gratefully acknowledge comments and suggestions on the manuscript provided
by Drs Felicity Cutts and Jacqueline Gindler. A first draft of this document was prepared by
Ms Annette Bongiovanni.



14 Measles control in the 1990s: minimizing nosocomial transmission

5. References

Aaby P, Bukh J, Lisse IM, Smits AJ. 1984. Overcrowding and intensive exposure as
determinants of measles mortality. American Journal of Epidemiology, 120(1):49B63.

Aaby P, Bukh J, Lisse IM, Smits AJ. 1985. Introduction of measles into a highly immunised
West African Community: the role of health care institutions. Journal of Epidemiology and
Community Health, 39:113B116.

Aaby P, Bukh J, Hoff G, Leerhoy J, Lisse IM, Mordhorst CH, Pederson IR. 1986. High
measles mortality in infancy related to intensity of exposure. Journal of Pediatrics,
109(1):40B44.

Aaby P, Bukh J, Lisse IM, da Silva MC. 1988. Further community studies on the role of
overcrowding and intensive exposure on measles mortality. Reviews of Infectious Diseases,
10(2):474B491.

Aaby P, Seim E, Knudsen K, Bukh J, Lisse IM, da Silva MC. 1990. Increased perinatal child
mortality among children of mothers exposed to measles during pregnancy. American
Journal of Epidemiology, 132(3):531B539.

Aaby P, Andersen M, Knudsen K. 1993. Excess mortality after early exposure to measles.
International Journal of Epidemiology, 22(1):156B162.

American Academy of Pediatrics. 1991. Report of the Committee on Infectious Diseases
("Red Book"), 22nd edition. Elk Grove Village, Illinois, American Academy of Pediatrics.

Benenson AS (editor). 1990. Control of communicable disease in man, 15th edition,
Washington, DC, American Public Health Association.

Bloch AB. 1981. Measles in a private physician's office. In: Proceedings of the 16th
Immunization Conference, Atlanta, Centers for Disease Control, pp. 59B63.

CDC. 1981. Measles in medical settings. Morbidity and Mortality Weekly Report,
30(11):125B126.

CDC. 1983a. Interstate importation of measles following transmission in an airport B
California, Washington, 1982. Morbidity and Mortality Weekly Report, 32:210,215B216.



WHO/EPI/GEN/94.6 15

CDC. 1983b. Imported measles with subsequent airborne transmission in a pediatrician's
officeBMichigan. Morbidity and Mortality Weekly Report, 32(31):401B403.

CDC. 1984. MeaslesBHawaii. Morbidity and Mortality Weekly Report,
33(50):702,707B711.

CDC. 1987. Measles transmitted in a medical office buildingBNew Mexico, 1986. Mortality
and Morbidity Weekly Report, 36(2):25B27.

Chen RT, Goldbaum GM, Wassilak SGF, Markowitz LE, Orenstein WA. 1989. An explosive
point-source measles outbreak in a highly vaccinated population. Journal of Epidemiology,
129(1):173B182.

Chen RT. 1990. Report on epidemiologic studies conducted for the 1988B89 measles
outbreak, Muyinga Health Sector, Burundi. Unpublished report, Centers for Disease Control
and Prevention, Atlanta.

Cotton MF, Berkowitz FE, Berkowitz Z, et al. 1989. Nosocomial infections in black South
African children. Pediatric Infectious Diseases, 8:676B683.

Dabis F, Sow A, Waldman RJ, Bikakouri P, Senga J, Madzou G Jones TS. The epidemiology
of measles in a partially vaccinated population in an African city: implications for
immunization programs. American Journal of Epidemiology, 127(1):171B178.

Dales LG, Kizer KW. 1985. Measles transmission in medical facilities. Western Journal of
Medicine, 142(3):415B416.

Davis RM, Orenstein WA, Frank JA, Sacks JJ, Dales LG, Preblud SR, Bart KJ, Williams
NM, Hinman AR. 1986. Transmission of measles in medical settings: 1980 through 1984.
Journal of the American Medical Association, 255(10):1295B1298.

Enguidanos R, Mascola L, Frederick P. 1992. A survey of hospital infection control policies
and employee measles cases during Los Angeles County's measles epidemic, 1987 to 1989.
American Journal of Infection Control, 20(6):301B304.

Farizo KM, Stehr-Green PA, Simpson DM, Markowitz LE. 1991. Paediatric emergency
room visits: a risk factor for acquiring measles. Pediatrics, 87(1):74B79.

Fawzi WW, Chalmers TC, Herrera G, Mosteller F. 1993. Vitamin A supplementation and
child mortality. Journal of the American Medical Association, 269:898B903.

Foster SO, McFarland DA, John AM. 1994. Health sector priorities review: measles. In:
Jamison JT, Mosley WH (editors). Disease control in developing countries. New York,
Oxford University Press for the World Bank.



16 Measles control in the 1990s: minimizing nosocomial transmission

Foulon G, Cottin JF, Matheron S, Perrone C, Bouvet E. 1986. Transmission and severity of
measles acquired in medical settings. Journal of the American Medical Association,
256(9):1135B1136.

Foulon G, Klein-Zabban ML, Gnansou-Nezzi L, Martin-Bouyer G. 1986. Preventing the
spread of measles in children's clinics. Lancet, December 24/31:1498B1499.

Gao JP, Malison MD. 1988. The epidemiology of a measles outbreak on a remote offshore
island near Taiwan. International Journal of Epidemiology, 17(4):894B898.

Garenne M, Aaby P. 1990. Pattern of exposure and measles mortality in Senegal. Journal of
Infectious Diseases, 161:1088B94.

Gindler JS, Atkinson WL, Markowitz LE, Hutchins SS. 1992. Epidemiology of measles in the
United States in 1989 and 1990. Paediatric Infectious Disease Journal, 11(10):841B846.

Glyn-Jones R. 1972. Measles vaccine and gamma globulin in the prevention of cross infection
with measles in an acute paediatric ward. Central African Journal of Medicine, 18(1):4B9.

Greenwood M. 1988. Epidemics and crowd-diseases: measles. Reviews of Infectious
Diseases, 10(2):492B499.

Gurevich I, Barganza RA, Cunha BA. 1992. Measles: lessons from an outbreak. American
Journal of Infection Control, 20(6):319B325.

Guyer B. 1976. Transmission de la rougeole a Yaounde en 1975. Medecine Tropicale,
36(5):451B454.

Hirschorn N. 1990. Missed opportunities for immunization. Arlington, Virginia, Resources
for Child Health (REACH).

Hull HF, Williams PJ, Oldfield F. 1983. Measles mortality and vaccine efficacy in rural West
Africa. Lancet, i:972B975.

Hussey GD, Klein M. 1990. A randomised controlled trial of vitamin A in children with
severe measles. New England Journal of Medicine, 323:160B164.

Hussey G, Simpson J. 1990. Nosocomial bacteremia in measles. Pediatric Infectious
Disease Journal, 9:715B17.

Istre GR, McKee PA, West GR, O'Mara DJ, Rettig PH, Stuemky J, Dwyer DM. 1987.
Measles spread in medical settings: an important focus of disease transmission? Pediatrics,
79(3):356B358.



WHO/EPI/GEN/94.6 17

Klein-Zabban ML, Foulon G, Gaudebout C, Badoual J, Assi Adou J. 1987. Frequence des
rougeoles nosocomiales dans un centre de protection maternelle et infantile d'Abidjan.
Bulletin of the World Health Organization, 65(2):197B201

Krugman S, Ward R. 1973. Infectious diseases of children and adults, 5th edition. St.
Louis, CV Mosby Co.

Lamb WH. 1988. Epidemic measles in a highly immunized rural West African (Gambian)
village. Review Of Infectious Diseases, 10(2):457B62.

Langmuir AD. 1980. Changing concepts of airborne infection of acute contagious diseases: a
reconsideration of classical epidemiologic theories. Annals of the New York Academy of
Sciences, 353:35B44.

McGrath D, Swanson R, Weems S, Mack D, Barbour SD. 1992. Analysis of a measles
outbreak in Kent County, Michigan in 1990. Pediatric Infectious Disease Journal,
11(5):385B389.

Markowitz LE, Preblud SR, Orenstein WA, Rovira EZ, Adams NC, Hawkins CE, Hinman
AR. 1989. Patterns of transmission in measles outbreaks in the United States, 1985B86. New
England Journal of Medicine, 320(2):75B81.

Mason WH, Ross LA, Lanson J, Wright HT. 1993. Epidemic measles in the postvaccine era:
evaluation of epidemiology, clinical presentation and complications during an urban outbreak.
Paediatric Infectious Disease Journal, 12(1):42B48.

Navarrete-Navarro S, Avila-Figueroa C, Ruiz-Gutierrez E, Ramirez-Galvan L, Santos JI.
1990. Boletin Medico del Hospital Infantil de Mexico, 47(7):495B499.

PAHO. 1984. Investigation of a measles outbreak in Brazil's Federal District. PAHO
Bulletin, 18(4):397B400.

Rabelo AL. 1982. Observacoes sobre um surto de sarampo em area perfierica da cidade de
Maputo. Revista Medica de Mocambique, 1(1):9B13.

Remington PL, Hall WN, Davis IH, Herald A, Gunn RA. 1985. Airborne transmission of
measles in a physician's office. Journal of the American Medical Association,
253(11):1574B1577.

Reynolds LGvB, Klein M. 1987. The hospital as a vector of measles in the community. South
African Medical Journal, 71:637B638.

Rivera ME, Mason WH, Ross LA, Wright HT. 1991. Nosocomial measles infection in a
pediatric hospital during a community-wide epidemic. Journal of Pediatrics, 119:183B186.



18 Measles control in the 1990s: minimizing nosocomial transmission

Schwarcz S, McCaw B, Fukushima P. 1992. Prevalence of measles susceptibility in hospital
staff. Archives of Internal Medicine, 152:1481B1483.

Sharma RS, Kaushic VK, Johri SP, Ray SN. 1984. An epidemiological investigation of a
mealses outbreak in Alwar-Rajastan. Journal of Communicable Diseases, 16(4):299B302.

Sienko DG, Friedman C, McGee HBm Allen MJ, Simonsen WF, Wentworth BB, Shope TC,
Orenstein WA. 1987. A measles outbreak at university medical settings involving health care
providers. American Journal of Public Health , 77(9):1222B1224.

Subbarao EK, Amin S, Kumar ML. 1991. Prevaccination serologic screening for measles in
health care workers. Journal of Infectious Diseases, 163:876B878.

Thapa AB. 1992. Measles outbreak in a partially vaccinated population and measles vacine
efficacy, South Lalitpur District, Nepal, 1990. Journal of the Nepal Medical Association,
30:154B158.

Watkins AG, Lewis-Faning E. 1949. Incidence of cross-infection in children's wards. British
Medical Journal, 2:616B619

WHA. 1989. New York, World Health Assembly, resolution WHA42.32.

WHO. 1984. Measles vaccine efficacy, Ivory Coast. Weekly Epidemiological Record,
42:127B128.

WHO. 1986a. EPI: nosocomial measles. Weekly Epidemiological Record, 44:338B340.

WHO. 1986b. Protocol for the assessment of missed opportunities for immunization. Geneva,
WHO, publication WHO/EPI/GEN/86.6.

WHO. 1990. Measles control in the 1990s: principles for the next decade. Geneva, WHO,
publication WHO/EPI/GEN/90.2.

WHO. 1992. EPI for the 1990s. Geneva, WHO, publication WHO/EPI/GEN/92.2.

WHO. 1993a. Revised plan of action for global measles control. Geneva, WHO, publication
EPI/GAG/93/WP.10.

WHO. 1993b. Post-exposure prohylaxis. Geneva, WHO, document
EPI/TECHCOM/WP/93.19.



WHO/EPI/GEN/94.6 19

Annex:
Vitamin A therapy

Vitamin A therapy has been shown to reduce significantly the risk of complications
(Hussey, 1990) and death (Fawzi, 1993) during measles disease. Clinical trials published to
date have shown that vitamin A therapy resulted in a 65% reduction in the measles case
fatality rate.

Immediately upon diagnosis, children with measles should receive vitamin A in the following
situations:

• in areas where the case-fatality is greater than 1%;

• in areas of known vitamin A deficiency; or

• in any case of severe or complicated measles.

Vitamin A supplements should be administered to all children admitted to hospital with
measles: by definition, they are already thought to be ill enough to need further care, and
experience shows they are more likely to develop severe complications and die.

Vitamin A supplements are available either as capsules (50 000, 100 000 or 200 000 IU per
capsule) or in liquid form with a pump dispenser. Capsules need to be opened for children
under the age of two years. Capsules have the advantage that they can be given to mothers
for use at home.
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The WHO/UNICEF guidelines for dosage are presented in Table 2.

Table 2. Vitamin A therapy for measles cases

Age Immediately on diagnosis Next day

Infants <6 months 50 000 IU 50 000 IU

Infants 6B11 months 100 000 IU 100 000 IU

Children >12 months 200 000 IU 200 000 IU

• Give the first dose of vitamin A directly to the child. The reason for the second dose is to
make sure that the body stores are built up again, even if the child has diarrhoea and is
very ill.

• For children not admitted to hospital, instruct the mother about the administration and
importance of vitamin A, as the second dose may have to be given at home. Avoid a
second visit to the clinic in order to reduce the risk of nosocomial spread of measles to
other children.

• High-dose vitamin A supplements are contraindicated for pregnant women.


