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ABSTRACT
In situations of diagnostic tests studies where the gold standard (GS) test is not absolutely perfect, validity measures of index tests vary 
in subgroups with varying disease prevalence. This is called reference standard misclassification. Although this is widely known, little is 
explained about the variations in the performance of index tests when the validity of the GS test itself varies with the time duration of 
illness. This article attempts to expand the concept of reference standard misclassification specifically on the effect of time dependence 
of diagnostic tests. A brief literature review is also presented which documents the existent knowledge among researchers about the 
concept and the methods they usually employ to adjust. A list of solutions which can address the issue has also been discussed to enable 
researchers to design and analyse diagnostic test studies in better ways.

BACKGROUND
In the field of diagnostic research the term ‘gold standard’ (GS) test 
is gradually being replaced with the term ‘reference standard’ test. 
This is because tests that can be considered perfect with 100% 
sensitivity and specificity are uncommon in reality. There is always 
an element of misclassification. However, such a test might be the 
only reference available against which newer tests can be evaluated 
and hence the name. Many conscious researchers have tried to 
highlight this issue, but it remains largely within the confines of 
academic interest rather than being applied practically [1,2].

In evaluating a new test (or index test) against an existent test which 
is not considered a GS test, we only assess if the new test is as 
good as the old one in terms of validity measures, and also look for 
added advantages (low cost, easy handling or field robustness that 
the old one doesn’t have) i.e., we measure ‘agreement’ between 
the two tests. When the existent test is considered a GS test our 
aim changes and we now try to see how close is the new test to the 
GS test or how it performs compared to alternatives. In the case of 
infectious diseases, the GS and the index tests often measure two 
different aspects of disease manifestation. The GS test often verifies 
the physical presence of an organism by culture, microscopy or 
other techniques, whereas the newer, cheaper and easier test 
measures antibodies or antigens or genetic materials, which are 
considered corroborative evidence to the presence of disease. 
The performance of these tests may also vary with the duration of 
illness. For example, a test may only be good in the early stages 
of the disease. This phenomenon adds further to the problem of 
imperfect GS tests. In this article we specifically try to look at the 
imperfectness of GS or reference standard test from the temporality 
view point and then try to explain its effect on the interpretation of 
diagnostic test studies.

We will use the example of typhoid fever to explain this concept 
because of its typical nature. But the discussion is relevant to any 
infectious disease with similar host-agent interaction. Also, to keep 
it simple we have only discussed changes in sensitivity as the 
validity measure but changes in specificity are also important.The 
GS test for typhoid fever is blood culture but clinically antibody tests 

are commonly used for diagnosis because they are quicker and 
cheaper.

Effect of Disease Duration on The Performance of Tests
We will discuss briefly the pathogenesis of typhoid fever. The typhoid 
bacteria enter the body via the oral route, spread throughout the 
body and increase in number by multiplication. In the first week of 
illness the bacterial concentration in blood is maximal, in the second 
and subsequent weeks due the host immune response the bacterial 
count in blood declines. This phenomenon reflects itself in the 
decreasing sensitivity of the blood culture, which is maximal (90%) 
in the first week and declines thereafter to around 60% in the third 
week or so (as measured against bone marrow culture – ‘supra’ GS 
test) [3-5]. Bone marrow culture is not used for routine diagnosis 
because it requires expertise and has associated risks involved. 
This declining sensitivity is due to the fact that culture medium 
allows growth only if the bacterial concentration in blood is above a 
minimum level. In the host immune response, the first antibody type 
to increase is the IgM fraction which becomes detectable towards 
the end of first week; its concentration continues to increase and 
then declines by the end of third week. The IgG fraction rises a 
bit later than IgM and peaks by the end of second week and then 
persists at varying levels for upto two years. This rise in antibodies 
is the reason for the decline in bacterial count (and hence the 
sensitivity of blood culture) and this is also the reason for the rise in 
antibody test’s sensitivity. We have depicted this interplay in a graph 
[Table/Fig-1]. The dashed line depicts the declining sensitivity of the 
blood culture with time. The continuous line depicts the increasing 
sensitivity of the antibody test with time.Three arbitrary vertical lines 
divide this graph into three comparative scenarios.

Scenario 1: In the first week of illness, sensitivity of the culture is 
greater than that of the antibody test.

Scenario 2: In the second week of illness, sensitivity of the culture is 
almost equal to that of the antibody test.

Scenario 3: In the third and subsequent weeks of illness, sensitivity 
of the culture is lesser than that of the antibody test.
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[Table/Fig-1]: Varying sensitivities of the blood culture and antibody tests over time 
in typhoid fever

[Table/Fig-2-5]: Different scenarios depicting the relation between GS (GS) test, index test (IT) and time

These three time frames are arbitrary and do not strictly confine 
themselves to the weeks described, rather they give a sense of the 
temporality of this phenomenon. Beyond a certain time point as 
indicated by the arrow, the GS test’s sensitivity falls below that of 
the index test. The index test now becomes superior to the GS test 
and the GS is in no position to correctly validate the index test. The 
limitations of GS (GS) test come to light in the presence of a higher 
standard albeit non-practical test - in typhoid fever this ‘supra’ GS 
test is the bone marrow culture.

Reference Standard Misclassification – The Temporal 
Dimension
Biesheuvel et al., [6] have discussed the concept of ‘reference 
standard misclassification’ and how it affects diagnostic test studies 
with elegant graphs and numerical examples. Reference standard 
misclassification occurs when the GS is imperfect and it misclassifies 
a proportion of truly diseased into non-diseased or vice versa. Here 
we have tried to extend this concept by adding to it the temporal 
dynamics of agent-host interaction and to explain how it affects 
the interpretation of diagnostic test studies. The discussion will 
progress through a series of figures. The performance as discussed 
here refers to the sensitivity of the tests. The dashed line indicates 
performance of the GS test and the continuous line indicates the 
performance of the index test.

Situation I [Table/Fig-2]
The GS test is perfect i.e., it has 100% sensitivity. This is the ideal 
situation for testing the index test, and also where the performances 
of the two tests are time independent, a rare occurrence in infectious 
diseases.This situation will provide an unbiased estimate of the 
index test’s sensitivity.

Situation II [Table/Fig-3]
Consider this situation where the GS test has sub-optimal sensitivity 
(also known as tarnished or imperfect GS). Here the GS test 
misclassifies a proportion of truly diseased into false negative and a 

fixed proportion of non-diseased into false positive, the final effect 
of which will depend on the sample prevalence. In a high prevalence 
situation specificity of the index test will be more underestimated 
and in a low prevalence situation sensitivity of the index test will be 
more underestimated. In such a situation, our aim is to see if the 
index test (with the added advantages) is as good as the existent 
sub-optimal test, so that the old can be replaced with the new. This 
situation is less ideal than the previous one, but atleast both the 
tests have time independent performances.

Situation III [Table/Fig-4]
Here, the GS test’s performance is time dependent - as the illness 
duration increases the GS test becomes less sensitive, however 
the index test has time independent performance. In such a 
situation the index test’s performance will be underestimated if the 
sample units are largely distributed in the later time frames, the 

underestimated measure may be sensitivity or specificity depending 
upon the sample prevalence, as described before. The converse of 
this situation is also possible, where the GS remains stable and the 
index test changes with time will lead to varying estimates of validity 
depending upon the distribution of sample units in the different time 
frames.

Situation IV [Table/Fig-5]
Here the situation has reached maximum complexity - both the GS 
and index tests are time dependent. This is the situation that we had 
explained at the beginning of this discussion. With such dynamism 
it is difficult to predict the change in direction and magnitude of 
the effects. The results will again depend upon of the proportion of 
sample units distributed across the different time frames.

Role Change Phenomenon
Diagnostic test studies in typhoid fever research deal with this 
problem in two general ways. Firstly, the study may at the design 
stage itself explicitly state their inclusion criteria that will select 
only patients in specified time frames. Intuitively, such designs are 
impractical, have limited generalizability ability and hence rare. In 
the second approach, week wise subgroup analysis is done to try 
and demonstrate increase in sensitivity of the index test for those 
subgroup of patients who are in later stages of the illness. Examples 
of such studies include those done by Oslen SJ et al., [7]. Although 
not perfect strategies, these studies help the readers to apply their 
discretion at interpreting the results.It is also prudent of such studies 
to acknowledge the fact that in the later phase of illness, the false 
positives identified by the index test might be ‘truly positive’ as 
the blood culture has a sensitivity lower that of the index test. We 
would like to call this phenomenon the ‘role change’; as the ‘gold’ 
standard becomes ‘alloyed’ and the index test becomes the new 
‘gold’ beyond defined time point i.e., their prior roles have been 
interchanged. This type of bias needs to be distinguished from the 
usual reference standard misclassification. It could be thought of as 
a ‘dynamic misclassification’. It is ‘one way’ when the GS alone is 
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Author & year 
of publication 
(ref no.)

Setting Inclusion criteria
GS/ 
comparator 
tests

Index test(s)

Sensitivity 
and 
specificity 
(%)

Mentioned
about RSM

Steps taken 
to adjust for 
RSM

Change in 
sensitivity/
specificity after 
modified analysis

Sethi S,2006 [9] Hospital
Clinical enteric fever 
patients

Blood 
Culture

Typhidot 96, 86
No None NA

Widal 60,100

Dutta S,2006 
[10]

Community
Fever of 3 days or 
more

Blood 
culture 

Typhidot 47, 83 

No 

Analysis 
restricted to 
≤5 days, >5 
days

NATUBEX 47, 83

Widal 54, 84

Jesudason MV, 
2006 [11]

Hospital 
Clinically suspected 
cases

Blood 
culture

Typhidot 92, 99 No None NA

Kawano RL, 
2007 [12]

Hospital
Febrile patients 
suspected of typhoid 
mean age 2.5 years

Blood 
culture

TUBEX 95, 80

No None NA
SD Bioline IgM/IgG 69, 79/71, 76

Typhidot IgM/IgG 55, 65/73, 46

Mega IgM/IgG 91, 49/96, 39

Abdoel 
TH,2007 [13]

Hospital 

Continuous high grade 
fever, toxic appearance 
and the presence 
of constitutional 
symptoms Age 7 - 55 
years

Blood culture 
& Blood 
culture or 
compatible 
clinical 
picture or  
Widal test

Latex agglutination assay
Culture - 43, 
57 Composite 
- 43, 97

Yes, not 
explicitly

Composite 
standard, 
Agreement 
analysis, 
Duration 
wise analysis 

Sensitivity and 
specificity increased 
across 4-6 days, 
7-9 days &>9 days

Widal O antigen test
Culture - 49, 
69 Composite 
- 39, 98

Sensitivity 
and specificity 
decreased at 7-9 
days and then 
increased

Prakash P,2007 
[14]

Hospital 
Children aged 1 - 12 
years suspected of 
having typhoid fever

Blood 
culture

Typhidot IgM/IgG, WIDAL NA Yes
Duration 
wise analysis

NA

Rahman 
M,2007 [15]

Hospital
Patients presenting 
with fever > 3 days

Blood 
culture

TUBEX 91, 82

Yes

Subgroup 
analysis by  
excluding 
healthy 
non-febrile 
patients

Increase in 
specificity

Widal 82, 70

Naheed A,2008 
[16]

Community 

Fever of any duration 
for children <5 years 
old and fever of >3 
days of duration for 
persons >5 years

Blood 
culture

TUBEX 60, 64 

No
Duration 
wise analysis

NA
Typhidot 67, 55

Pastoor R,2008 
[17]

Hospital 
Patients presenting 
with clinical suspicion 
of typhoid Fever

Blood 
culture, 
Widal, 
clinical 
findings, 
response to 
treatment

Typhoid fever IgM flow 
assay

62.1, 98
Yes, not 
explicitly

Duration 
wise analysis

Sensitivity increased 
to 89.5% for 
patients presenting 
3 days later

Begum Z,2009 
[18]

Hospital Clinical diagnosis
Blood 
culture and/
or Widal

Widal test 43, 85 No 
Composite 
standard

NA

Narayanappa 
D, 2010 [19]

Hospital 

Age group of 1-15 
years, who presented 
with fever of 5 days 
or more with clinical 
symptoms and signs 
suggestive of typhoid 
fever

Blood 
culture

Typhidot IgM 92.6, 38

Yes, not 
explicitly

Duration 
wise analysis

Sensitivity  96.9% in  
< 1 week patients, 
100% for patients 
with fever 5-6 days, 
decreased for Widal

Widal 34, 43

Beig FK,2010 
[20]

Hospital 

Fever of ≥ 4 days with 
clinical suspicion of 
typhoid  age 6 months 
to 12 years 

Blood culture 
/  Clinical 
diagnosis

Widal 40, 91

No None NA

Clinical 
diagnosis

Typhidot IgM 90, 100

Ley B,2011 [21] Hospital 

Children 2 m - 14 yr  
with  history of 3 days 
of fever, or fever <3 
days with at least 1 
severity  criteria 

Blood 
culture

TUBEX 79, 89 No None NA

Keddy KH,2011 
[22]

Hospital 

Suspected typhoid 
fever with History of 
fever or documented 
fever  >38 degree C

Blood 
culture

Widal (all anitgens) 4-50, 80-95

No None NA

TUBEX 69, 73

Typhidot IgM 61, 75

Typhidot IgG 71, 70
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time dependent and ‘two way’ when both the GS and index tests 
are time dependent. Although the two methods mentioned above 
to deal with this ‘role change’ are not optimal solutions they are 
commonly found in literature. More optimal solutions may involve 
use of complex statistical methods [8].

A Brief Review
To evaluate the knowledge existing among researchers about 
reference standard misclassification specifically with reference 
to typhoid fever diagnostic studies and to identify the various 
strategies adopted by them to adjust for it, a literature review was 
undertaken. The search was conducted with the key words ‘typhoid 
diagnostic test’, ‘typhoid antibody tests’, ‘typhidot’, ‘tubex’, ‘widal’, 
‘blood culture’ ‘reference standard misclassification’ ‘evaluation’, 
‘sensitivity’, ‘specificity’, ‘validity’ using MEDLINE database. 
Selection criteria for articles included in the review were as follows: 
Study participants were clinically suspected to be typhoid cases, 
diagnostic test to be evaluated was Tubex, Typhidot or Widal, 
GS test was blood culture or a composite criteria, outcome was 
measured in terms of sensitivity and specificity and setting was 
hospital or community. Only articles published in english between 
2006 and 2011were selected for review. After screening the study 
titles, 20 articles were selected for review. Out of which 4 articles 
were only description of diagnostic tests. The remaining 16 articles 
were taken up for further review [Table/Fig-6].

Majority of the studies were hospital based [9, 10-15, 16-24] and 
only two were done in community settings [10,16]. Most of the 
studies included patients who were clinically suspected as having 
typhoid fever. Blood culture was taken as GS test across all studies 
and a few studies had used a composite standard which included 
an extra test in addition to blood culture. Widal test was the most 
common second test to be included in the composite ‘standard’. 
Of the 16 studies reviewed, the possibility of reference standard 
misclassification was discussed explicitly in only two studies [14,15] 
and inferred implicitly in three studies [13,17,19] and the remaining 
studies did not mention it [9-12,16,18, 20-24]. The common 
strategies adopted in the articles that came closer to having 
adjusted/explained RSM were - using a composite standard [13, 
17, 18], duration wise analysis (or restriction of analysis to patients 
presenting within a predefined week/day of illness) [10,13,14,16, 
17,19], and agreement analysis [13]. Even though some studies 
have not mentioned RSM, they have taken steps that could adjust 
for this [10,16,18]. Atleast four [13,15,17,19] of the studies after 
doing modified analysis were able to show that there was change 
in the validity of the index tests. As far the temporality part of the 
problem goes, none of the 16 articles mentioned it, however certain 
articles [10, 13, 14, 16, 19] have done analyses that would probably 
take care of this in a primitive manner. This review reveals that a 
large proportion of studies have ignored the possibility of reference 
standard misclassification and its implication in study interpretation, 
let alone taking cognizance of the temporality of this phenomenon.

Possible Solutions for Imperfect GS or Lack of GS 
Test
The question that remains is how to design a study, which will take 
care of this temporality or account for it? There are certain ways to 

overcome the problem of imperfect GS or lack of GS test. A composite 
standard is one where we put together several component tests and 
set a minimum requirement to be fulfilled by a true case. This kind of 
composite standard may seldom find use outside research settings 
in lieu of high cost. As mentioned previously when there is no GS, 
the aim of our study is to prove that the new test agrees with the old 
test to an acceptable level, which is known as agreement analysis. 
Reitsma JB et al., [8] provide a good description of how to estimate 
the error rates of diagnostic tests when there is no GS test i.e., by 
the use of maximum likelihood estimation methods applied to latent 
class intervals. 

Possible Solutions For The Temporality Problem
As for the temporality of the problem there is no simple solution. A 
multilevel modeling can be done with time as one of the levels. This 
will adjust for the time dependent variations of the test performance. 
We could alternately recruit equal proportions of patients in different 
phases of illness and calculate a separate validity measure for 
each subgroup. This will help us better understand how the test 
performance varies with time. Further research is required to better 
understand this phenomenon and design ways to adjust for it.

CONCLUSION
It is imperative that researchers involved in diagnostic test studies 
take into account the possibility of their GS being imperfect and 
design their study to prevent such bias or in the event of such failure 
atleast try to account for it in the analysis so that valid inferences 
can be made.It is important to consider the possibility of ‘role 
change’ and expect it in any diagnostic test study dealing with 
infectious diseases like typhoid fever, where the GS and index tests 
measure two different time related evidences of disease presence 
or absence.
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[Table/Fig-6]: Review of studies evaluating validity of typhoid fever antibody tests published between 2006 and 2011
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