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Survey and surveillance development
in settings with low human
immunodeficiency virus prevalence

D.J. Nanan,’ M.M. Kadir' and FM.M. White'
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ABSTRACT In most countrigs, during the early phases of a human immunodeficiency virus epidemic, inde-
pendently initiated surveys of perceived high-risk groups tend to precede the development of formal surveil-
lance systems. Unfortunately, in low-prevalence settings, small sample sizes produce unreliable estimates of
prevalence and trends, with an inevitable tendency towards positive results. In our study, we present sample
sizo caleulations and typical samplog used in actual survays, with Pakistan ae our example. More uscful data
on risk behaviour and potential for spread can be derived from the study of commoner sexually transmitted
diseases and associated risk behaviours, including assessments of knowledge, attitudes, beliets and practic-
es.

Mise en place d’'enquétes et de la survelllance dans les environnements a faible prévalence du virus
de 'immunodéficience humaine

RESUME Dans la plupart des pays, pendant les phases préliminaires de I'épidémie de virus de
limmunodéficience humaine, des enquétes mises en ceuvre indépendamment sur les groupes pergus 4 haut
risque ont tendance & précéder la mise en place des systémes de surveillance formelle. Malheureusement,
dans les environnements & faible prévalence, des échantillons de petite taille produisent des estimations de la
prévalence et des tendances peu fiables, avec une orientation inévitable vers des résultats positifs. Dans notra
étude, nous présentons des calculs de la taille des échantillons et des dchantillons typiques utilisés dans des
enquétes réelles, prenant le Pakistan comme example. Des données plus utiles sur le comportement & risque
et le potentiel de propagation peuvent étre tirées de 'étude des maladies sexuellement transmissibles les plus
courantes ot des comportementa & risque associés, y compris les évaluations des connaissances, attitudes,
croyances et pratiques.
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Introduction

The pandemic of human immunodeficien-
cy virus (HIV) infection was first recog-
nized in North America in the early 1980s,
although the disease is now known to have
been present in human hosts at least two
decades earlier. Since then, both HIV and
acquired immunodeficiency syndrome
(AIDS) have been reported in virtually ev-
ery country. In 1997, giobal AIDS deaths
totalled 2.3 million, with 11.7 million cu-
mulative deaths since the pandemic began.
More than 40 million people will be living
with HIV/AIDS in the year 2000 [/].

Eastern Mediterranean Region (EMR)
countries are still considered low incidence
settings. It is imperative in such settings
that appropriate prevention and control
measures are established based on sound
surveillance data while the infection is still
confined to high-risk groups, in the event
that it may spread more generally through-
out the population. Our focus was on meth-
odological issues regarding surveys of
specific population groups at different lev-
els of perceived risk in low-incidence coun-
tries, using Pakistan as the example.

HIV/AIDS surveillance in
Pakistan

The first reported death from AIDS in Paki-
stan was an African sailor in 1986 [2]. The
following year, the first HIV-infected per-
son was detected in Pakistan, and in 1988
the first indigenous transmissions of HIV
infections were reported in two indepen-
dent studies [3,4]. In 1992, the World
Health Organization (WHQO) estimated a
0.2% prevalence of HIV in a study of pris-
oners in Pakistan; in 1993, 3 cases of HIV
infection were identified among a survey of
183 prisoners [5]. Taking into account data

from existing serosurveys, recent estimates

show there are approximately 80 000-100

000 cases nationally, or a prevalence rate of

64--83 per 100 000 population [6,7]. The

estimates were extrapolated from a number

of relatively small surveys in mostly high-
risk settings. However, in 1998, the Nation-
al AIDS Control Programme (NACP)
reported only 1364 cumulative cases of

HIV infection [8]. The majority of these

cases were men, of whom 170 had devel-

oped AIDS. Sexual contact followed by the
use of blood and blood products are cited as
the most common modes of transmission.

However, mode of transmission has not

been recorded in 41.0% of total cases.

Assuming that the extrapolations noted
are a reasonable basis for assessing the ade-
quacy of reporting, the discrepancy be-
tween reported versus projected cases and
the relative dearth of information on mode
of transmission suggest the following im-
portant deficiencies in HIV surveillance in
Pakistan, which may also apply to other
low-incidence countries.

* The small number of reported cases im-
plies that most infections (98.0%) are
thus far unreported, and are likely to be
undetected and hence unprotected in
terms of transmission.

* Major deficiencies in data exist in the
case reports that are received.

‘The potential for the incidence of HIV
infection increasing in countries such as
Pakistan, which is currently regarded as
low incidence, must be considered serious-
ly as there is evidence of underlying sexual
dynamics that increase the risk of transmis-
sion. For example, although commercial
sex is illegal in Pakistan, red-light areas can
be found in major cities and are frequented
mostly by traders, truck drivers, seafarers
and travellers. Potential for spread also ex-
ists throngh unsatisfactory and unhygienic
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practices in health care and community set-
tings through excessive and nonsterile use
of syringes. Intravenous drug abuse also
exists in the country, although few data are
available. Other conditions conducive to
transmission include: an unprotected blood
supply, low educational levels, high fertili-
ty and low use of barrier contraception [9].
In these respects, Pakistan may be similar
to other Asian countries such as Thailand
and India that moved from a low-incidence
phase with infection confined to high-risk
groups, to a higher incidence when the in-
fection spread to the wider population [10].

Thus far, a small number of independent
studies have been conducted on selected
groups in Pakistan: migrant workers {7];
male international travellers [11.12]; blood
donors [12,13]; prison inmates [14,15,18);
long-distance truck drivers [16]; drug abus-
ers [17,18]; female sex workers [/8]; trans-
vestite sex workers [/9] and university
students [20]. These studies provide a use-
ful starting point for estimating the occur-
rence of HIV infection in specified risk
groups but are more opportunistic in nature,
contributing mainly to ad hoc surveillance
that is typical of HIV surveillance in most
countries during the early phase of an epi-
demic. A more scientific approach would he
the development of a national surveillance
framework, which includes the monitoring
of selected groups using standard protocols.

Methodological limitations of
ad hoc surveillance

The use of opportunistic surveys as a basis
for surveillance is seriously flawed. Com-
parisons of such studies in terms of person,
place and time are difficult as the designs
are not standardized. The following exam-
ples are some of the biases inherent in such
studies

Sampling bias

* Convenience sampling: by definition
non-random and non-representative;

* Membership bias: membership in a
group may imply differences which af-
fect reported frequency of behaviour
(e.g. some may be over-reported, others
under-reported);

+ Sample size bias:

* sample size may be inadequate to de-
tect a rare infection

* sample size may be inadequate to de-
tect a trend.

Measurement bias

» Diagnostic suspicion: knowledge of a
person’s prior exposure may influence
the intensity or outcome of a diagnostic
process;

= Exposure suspicion: knowledge of a
person’s disease status may affect the
intensity and outcome of the search for
plausible or acceptable exposure;

* Recall bias: questions about specific ex-

posures may be asked many times of
cases but only once of controls.

Other

» Positive results bias: studies which
show evidence of a problem (e.g. HIV-
positive individuals) are more likely to
be submitted and accepted for publica-
tion than those which do not, thereby
potentially distorting the apparent fre-
quency of the problem.

A critical consideration in any study de-
sign is sample size. Assuming that a sample
is random, if it is desired to increase the
precision of an estimate, then the sample
size must be increased. However, to obtain
reasonable confidence intervals (CI) when
estimating the prevalence of relatively rare
conditions, sample sizc requirements can
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become extreme, For example, a sample
size of 250 is needed to provide 95% CI of
1.0%—5.0%. If the observed prevalence de-
rived from the sample is 2.0%, then a larger
sample size of 1000 is required to narrow
the 95.0% CI to 1.0%-3.0% (Table 1) [2/].

In practice, much smaller samples tend
to be used. In Pakistan, the majority of re-

Table 1 95% confidence intervals for
ohserved prevalence (0% and 2%} by
sample size

Prevalence Sample size

(%) 50 100 250 500 1000
0 07 04 02 01 0
2 -1 07 15 14 13

Table 2 Typical sample sizes and HIV
findings from selected studies, Pakistan

Study group No. No. HIV-
tested positive
Truck drivers 77 0
Commercial sex workers 81 0
Intravenous drug users 77 0
Seafarers 302 2
Prisoners 183 3
STD patients 215 0

National data 1 350000 869

8TD = sexually transmitied disease

ported HIV surveys have used smaller sam-
ple sizes (Table 2), and it follows that their
estimates of HIV prevalence must have
wide CI (i.e. the resulting estimates are less
precise}. For example, one study of 183
prisoners revealed 3 infected with HIV, an
estimated prevalence of 1.6%, and a CI of
0%-10.0%. Conversely, a study among in-
travenous drug users (sample size = 77) re-
vealed no HIV infection, yet the CI were
0%-6.0%. Table 3 illustrates sample size
requirements needed to detect a statistically
significant change (P < 0.05) in prevalence
hetween two points in time [20]. Based on
Table 2, neither of the two studies illustrat-
ed, if repeated after a specified interval,
would be adequate in size to reveal a statis-
tically significant difference in prevalence
with desirable CL.

Therefore, far larger sample sizes than
we have seen to date for HIV studies in Pa-
kistan are required to detect differences
over time. Table 4 is based on two reported
studies of HIV from Pakistan. It shows the
inadequate power that one of these studies
{on 302 seafarers) would have if it were re-
peated in an attempt to determine an in-
crease in prevalence of 20.0% from 2.0% to
2.4% over a given time period. The second
reported prevalence is from the NACP and
is based on screening carried out over sever-
al years, hence a much larger sample
(1 350 000). Although this appears close to
the sample size sufficient to measure a

Table 3 Sample sizes required to detect a significant increase between two proportions, with
power of 0.80, by baseline prevalence and proportional increase

Baseline Proportional increase compared with baseline prevalence

prevalence (%) 10% 20% 30% 40% 50% 60% 70% 80% 90%
1 145000 34000 14000 7200 4280 3000 2070 1459 1060
5 28000 6550 2800 1500 903 585 400 262 204
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Table 4 Sample size required to detect a 20%
prevalence change at 95% confidence
intervals and varying power

Power  Sample size required to detect
{%) 20% prevalence change from:
2.0% to 2.4%* 0.06% to 0.07%"
80 21605 1039 594
70 17 095 821725
50 10 826 518 872
20 3848 181935
10 1702 78 520
7 1073 48 389
3 324 13 290

*Based on & study of 302 seafarers
“Based on screening by the National AIDS Conirol
Programmaes of 1 350 000 people over several yaars

change, the figure is cumulative and renders
this method less than optimal.

These observations help us recognize
the basic problem of studying relatively
rare conditions such as HIV in low-preva-
lence countries. The alternative is to shift
the emphasis from HIV to measuring be-
havioural risk factors and more common
STDs. More common STDs would allow
more modest sample sizes to be used, treat-
ing these in turn as “proxies” for the risk of
HIV transmission, should it be introduced
into a particular setting.

Characteristics of an ideal
surveillance model

Disease surveillance is defined by the Inter-
national Epidemiological Association (TEA)
as “the continuing scrutiny of all aspects of
occurrence and spread of a disease that are
effective to pertinent control” [22]. Ideally,
surveillance includes systematic collection
and evaluation of: morbidity and mortality

reports, special reports of field investiga-
tions, identification of infectious agents by
laboratories, information on immunity lev-
els in populations and other relevant epide-
miological data. Existing surveillance sys-
tems can be assessed, or a prapnsed system
conceptualized, by applying the following
eight attributes: a) sensitivity, b) specificity,
¢) predictive value positive, d) representa-
tiveness, e) timeliness, f) simplicity, g) flex-
ibility and h) acceptability [23,24]. At-
tributes may vary in importance depending
on the situation and may involve trade-offs,
Emphasis should be on addressing the most
relevant attributes, while accepting that oth-
ers may not be fully achieved. The measure
of whether a surveillance system has achie-
ved an optimal balance of attributes lics in
its usefulness to disease prevention and
control.

Surveillance based on morbidity and
mortality case reporting can be described as
active or passive. Active surveillance invo-
Ives periodic stimulation {tclephone calls,
written notices, periodic visits) of reporting
units. Passive surveillance relies on report-
ing to take place without dircct interven-
tion, and in most countries is incomplete
and unreliable. When a condition is rare,
the situation is compounded by a lack of
diagnostic awareness and recognition,
aside from the unreliability of reporting if
and when the condition is rcvcaled.

Sentinel surveillance

In situations where the prevalence of the
condition under study is low, or where sur-
veillance is not well established, “sentinel
surveillance” provides a viable alternative.
Sentinel surveillance involves actively
monitoring specifically selected population
groups, defined on the basis of sociobehav-
ioural, demographic, geographic or other
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relevant variables. Such groups are not in
themselves representative of the entire
“population”, but should be sufficiently
stable and reliable to allow for periodic as-
sessment and trend analyses. The sentinel
approach is not the same as ad hoc surveil-
lance based on opportunistic studies of
conveniently selected groups. Sentinel sites
should be identified within an overall
framework of selected settings. Sites and
their groups should be amenable to repeat-
ed study using standardized methodology,
including attention to issues such as ade-
quacy of sample size to detect trends. Sites
can be periodically validated to determine
the performance characteristics of the sys-
tem. The selected sentinel sites may be
used as a proxy for populations with similar
characteristics; a reasonable number and
variation of sites would therefore give a
mure accurate picture of the situation at the
national or provincial level.

This type of surveillance is appropriate
for the study of HIV infection in low-inci-
dence countries. Repeat studies using stan-
dard protocols can be conducted in select-
ed, operationally stable sentinel sites.
Provided that characteristics of sentinel
sites do not change over time, trends ob-
served at sentinel sites may be extrapulated
within the overall context [25). The key is to
develop standardized methodologies to
minimize the effect of bias and lo oplimize
the validity of interpretation. Given the sen-
sitive nature of human sexuality, adequate
information about related infeclions cannol
be obtained by a single study design. A com-
bination of qualitative and quantitative
methods and innovative approaches is re-
quired to develop a broad but well focused
knowledge in community settings, in order
to adequately define the dynamics of STDs
in general, and HIV transmission in particu-
lar. It is beyond the scope of this paper to list
the options in any detail, but examples in-

clude case—control studies to identify risk
factors, and focus groups and in-depth in-
terviews to identify underlying behavioural
issues, including attitudes towards health
services and care-seeking behaviour.

Sexually transmitted diseases and
associated behaviours as a proxy
for HIV risk

In countries where HIV prevalence is low,

direct surveillance is impractical because

of sample size and other cost consider-
ations, especially given the high likelihood
of clustering in particular settings. Howev-
er, since HIV is primarily transmitted by
sexual contact, useful data on potential for
spread can be inferred from studying more
common STDs and the associated knowl-
edge, attitudes, beliefs and practices

(KABP) which increase an individual’s risk

of acquiring an STD. In addition, there is

strong evidence that transmission of HIV is
facilitated in the presence of other STDs,
such as genital ulcers [26]. Thus, the inte-
gration of HIV and other STDs in an overall
sentinel surveillance framework becomes
advantagcous when viewed in the context
of prevention and control of diseases that
share common behavioural risk factors.

The following list illustrates four ration-
ales for an integrated sentinel surveillance
system as a basis for prevention and control
of STDs:

* to provide a situation analysis on vari-
ables relevant to transmission, includ-
ing behavioural factors,

* toidentify trends in disease and risk fac-
tors over defined time periods;

* to provide essential data as a basis for
the design of appropriate interventions;

* o serve as a baseline against which the
impact of interventions can be assessed.

Such distinct rationales produce differ-
ent requirements in terms of study design,
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sample size and resources needed to exe-
cute surveys that will combine to provide a
basis for HIV/STD surveillance.

Conclusion

Based on the foregoing considerations, we
advocate a formal sentinel surveillance sys-
tem to capture three levels of disease risk
(low, medium and high) in different popu-
lation subgroups. The overall design con-
sists of a fiamework within which various
types of studies and their products interre-
late to produce an assessment of behav-
ioural risk factors and the occurrence of
STDs relevant to defined geographic areas.
Examples of subgroups that could form
part of a sentinel surveillance network in-
clude: antenatal clients (low risk), migrant
workers (medivm risk) and STD clinic at-
tendees (high risk). Sample size should be
sufficient to allow calculation of estimates
of prevalence and underlying risk in rela-
tion to person, place and time. Further, the
system will ideally measure trends in un-

derlying behavioural risk factors, or shifts
in the prevalence of more common STDs
through repeat surveys at sentinel sites. The
sentinel surveillance system can be evaluat-
ed periodically on the basis of the eight at-
tributes listed earlier. Using data from such
a system, demographic and risk-factor pro-
jection models can be applied in order to
predict the future disease burden in both
health and economic terms, which has im-
plications for public policies such as health
and social sector resource allocations.
Finally, STDs other than HIV are impor-
tant in their own right so that the develop-
ment of integrated sentinel surveillance

will also address this public health need.
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