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Abstract 
Introduction: Measles is a major cause of mortality globally. In many countries, management of measles is based on clinical suspicion, but 

the predictive value of clinical diagnosis depends on knowledge and population prevalence of measles. In the pre-vaccine era with high 

measles incidence, Koplik’s spots (KS) were said to be “pathognomonic”. This study prospectively evaluated test properties and diagnostic 

odds ratios (OR) of KS.  

Methodology: Data including KS status were prospectively collected for a six-month period on all suspected measles cases reported to the 

North-West London Health Protection Unit. Saliva test kits were sent to all cases and KS test properties were analysed against measles 

confirmation by PCR or IgM testing (gold standard). 

Results: The positive predictive value (PPV) of clinically suspecting measles was 50%. Using KS as diagnostic tool improved the PPV to 

80% and the presence of KS was associated with confirmed measles in the multi-variable analysis (OR 7.2, 95% Confidence Interval 2.1-

24.9, p=0.001). 

Conclusion: We found that Koplik’s spots were highly predictive of confirmed measles and could be a good clinical tool to enable prompt 

measles management and control measures, as action often needs to be taken in the absence of laboratory confirmation. We suggest that 

current clinical case definitions might benefit from the inclusion of KS. 
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Introduction 

Measles remains a major cause of morbidity, 

particularly in developing countries [1] and is a 

leading global cause of child death. The World 

Health Organisation (WHO) has therefore issued a 

global plan for the reduction of measles, focusing on 

vaccination strategies [2]. In spite of the improving 

measles vaccination coverage globally, decreasing 

coverage has been observed in some countries due to 

economic hardship, political instability, natural 

disasters and safety concerns about vaccines[3], 

leading to sharp increases of measles cases in 

countries such as Ivory Coast, Philippines, Iraq and 

also in the United Kingdom [1,4]. 

Clinical and public health actions have to be 

appropriate and timely. Highly sensitive laboratory 

tests are available in some countries [5,6], but usually 

diagnosis relies on clinical presentation. Moreover, 

laboratory results may take several days for diagnosis 

confirmation and vary according to the availability of 

test kits, transport and laboratory lead times. 

Decisions on clinical and public health interventions, 

such as isolation, vitamin A treatment, vaccination of 

contacts and the administration of immunoglobulins 

to pregnant contacts, are therefore regularly made in 

the absence of laboratory results.  

Available clinical case definitions, such as those 

from WHO (any person with fever and 

maculopapular rash and cough, coryza or 

conjunctivitis), are often devised for surveillance 

purposes [7] and therefore have high sensitivity. 

However, these case definitions may generate false 

positives and therefore have a low predictive value 

for confirmed measles [8], especially in low 

prevalence areas. The American paediatrician Henry 

Koplik described red spots with a blue-white speck in 

the buccal mucosa (Koplik’s spots) as a 

“pathognomonic” sign for measles in the pre-vaccine 

era and published his findings in case-series studies 

[9]. Koplik’s spots (KS) have recently been described 

in measles [10], but they were also noted in other 

viral illnesses such as Parvovirus B19 or Echovirus 
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[11,12]. There are no published studies systematically 

examining the sensitivity, specificity, positive and 

negative predictive value (NPV) of this clinical test 

and they are not included in the WHO clinical case 

definitions [7].  

The aim of this study was twofold: first to 

formally evaluate the test properties of Koplik’s spots 

(KS) in a situation of rapid increase in disease 

incidence following relatively low prevalence rates, 

and secondly to assess whether the inclusion of KS in 

clinical case definitions may improve its test 

properties and therefore guide timely and appropriate 

clinical and public health response before laboratory 

confirmation becomes available. 

 
Methodology 

We prospectively collected clinical and 

laboratory data on all measles cases reported to the 

North-West London Health Protection Unit 

(NWLHPU) during six successive months in 2008. 

Notification on suspicion is a statutory requirement in 

the UK, even if measles is considered alongside other 

differential diagnoses. Staff were trained to 

proactively obtain information on KS from the 

reporting clinician and before laboratory 

confirmation. The recent measles epidemic in 

London led to increased confidence to recognise 

clinical signs of measles including KS. 

Data were entered onto the routine database, held 

on a secure server within the health protection unit 

and anonymized for analysis. All suspected measles 

cases received a postal saliva swab kit with 

instructions for self-swabbing, using the Oracol 

Saliva System (Malvern Medical Developments Ltd, 

Worcester, UK) for oral fluid samples [6]. This is 

routine follow-up as part of national policy in 

England.  

Samples were returned to the Health Protection 

Agency (HPA), for laboratory testing via a provided 

return envelope. We considered detection of measles-

specific IgM (ELISA) or measles RNA (PCR) in oral 

fluid or serum as laboratory confirmation of measles 

[5]. 

Statistical analysis was performed with the 

statistical software package STATA 9.2. A complete 

case analysis was performed, and missing data was 

excluded before entering analysis. Proportions were 

compared by Chi-Square tests, continuous variables 

with Student T-tests if the assumption of normal 

distribution was justified, using logarithmic 

transformation if appropriate for right skewed 

distributions, and the Wilcoxon rank sum test for 

non-transformable distributions (e.g., delays between 

symptoms or rash to reporting). We calculated 

sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and 95% 

confidence intervals (CI) for KS as a diagnostic tool 

for measles. We also analysed diagnostic odds ratios 

in a forward built logistic regression model to analyse 

the strength of association between possible 

predictors and confirmed measles diagnosis [13].  

 
Results 

During the observation period, 190 suspected 

measles cases were reported to the NWLHPU. About 

49% of the notifications were received from General 

Practitioners (UK family doctors, GPs) and 42% from 

hospital doctors; the remainder came from other 

health professionals. Diagnosis confirmation by 

saliva swab was sought for all patients and swab 

results were available for 131 (69%) of them. 

Information on KS was available for 90 

suspected cases and laboratory results were available 

for 68 (76%) of these. This is slightly below national 

average (85% in 2008-2009) [14] and similar to 

London testing proportions. There were no major 

differences between cases where information on KS 

was available compared with those where this 

information was missing by age   (p = 0.4), sex (p = 

0.9), or source of report (general practice versus 

hospital, p = 0.14). Equally, suspected cases with 

laboratory results were similar in age (p = 0.3) and 

sex (p = 0.3) compared to those without.  

The median time between rash onset and 

reporting was one day (interquartile range, IQR 1-3). 

There was no difference in reporting delay by setting 

(between hospital doctors and GPs, p = 0.9). Only 

one single case can be considered fully vaccinated 

and had previously received the recommended two 

doses of an effective measles vaccine. 

The overall PPV of clinically suspecting measles 

(n = 131) was 50% (CI 42-59%), lower for GPs 

(19%, CI 6-31%) than for hospital doctors (63%, CI 

49-78%). Using KS as a diagnosis tool improved the 

PPV for confirmed diagnosis to 80% (CI 71-89%). 

The PPV for diagnosing measles using KS remained 

higher for hospital doctors (86%, 95% CI 75-97%) 

compared with GPs (50%, CI 32-68%, Table 1).  

Using logistic regression, we found that KS and 

setting were highly predictive variables for correct 

diagnosis (Table 2). Although the mean age of 

patients seen in hospital was higher compared with 

general practice (p = 0.0001), age was not a predictor 

of correct diagnosis (log-likelihood ratio test, LR-
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Test p = 0.1), but this could be due to a lack of 

statistical power for age-specific analysis. Likewise, 

differences in rash-to-reporting times (LR-Test p = 

0.6) or sex (LR-Test p = 0.4) were not associated 

with measles diagnosis and not included in the final 

model. The number of vaccinated individuals with 

confirmed measles (n = 1) was too small to allow 

inclusion in the model. We did not find evidence of 

interaction between any of these variables, and 

allowing for age mix or reporting delays did not 

explain the higher predictive values of KS in hospital 

compared to general practice settings. 
 
Discussion 

To our knowledge this is the first study that 

attempts a systematic evaluation of the test properties 

of KS. Our study demonstrates that Koplik’s spots 

were highly predictive of confirmed measles and 

could be a timely tool to enable prompt management 

and control measures prior to laboratory 

confirmation. Current case definitions used by the 

World Health Organization (WHO) are designed for 

surveillance purposes [7]. These definitions are 

highly sensitive to ensure notification of all possible 

cases, but do not necessarily provide optimum 

guidance for clinical and public health management.  

For clinicians and public health practitioners, it is 

equally important to consider false positives, for 

example, in cases of scarlet fever, which would 

require antibiotic treatment. False positives may arise 

as a consequence of the low specificity and positive 

predictive value of the WHO case definitions, 

particularly in settings where knowledge of measles 

is limited, for example, due to relatively low baseline 

incidence [15]. Therefore, using these case 

definitions may be of limited value for the clinician 

and public health practitioner who may not have 

laboratory tests available to guide initiation of 

appropriate treatment or prophylaxis [16,17]. 

Public health interventions such as school 

exclusion and vaccinations of contacts are often taken 

if measles cases are confirmed or deemed probable. 

Possible cases, where the indications for a diagnosis 

are not very strong, are usually followed up with 

close observation rather than immediate public health 

action, with the exception of opportunistic 

interventions, such as the recommendation of 

vaccination for wide social networks aiming for a 

general increase in population immunity. Our results 

suggest that suspected measles cases presenting with 

Koplik’s spots should be treated as probable cases 

and lead to the immediate introduction of the full 

range of clinical and public health interventions that 

would be taken for confirmed measles cases.  

KS had a substantially lower predictive value for 

diagnosing measles in general practice compared to 

hospitals. This is likely to be driven by the overall 

lower predictive value of measles cases in primary 

care compared to hospitals, but independent of other 

factors, such as age, sex or reporting delays. Possible 

explanations include the lower setting-specific 

prevalence of measles cases among all rash-illnesses 

in primary care, or clinical experience. 

There have been occasional reports on the role of 

KS to diagnose measles [10,12,18,19]; however, this 

is the first study to evaluate the test properties 

prospectively in current epidemiological conditions. 

The advantage of conducting such a study in London 

includes the unique combination of widespread 

community transmission of measles in a setting with 

good primary care services and high-quality 

laboratory testing. Nevertheless, the study results are 

applicable to other settings, particularly in developing 

countries, where primary care services may be less 

efficient and may not be supported by strong 

laboratory services.   

Table 1. Summary of test properties and 95% confidence intervals (brackets) for Koplik’s spots in the diagnosis of confirmed measles 

 All reports Hospital doctors General practitioners 

Sensitivity 62.5% (51-74%) 69.2% (54.9-83.5%) 33.3% (16.2-50.5%) 

Specificity 86.1% (78.4-94.6%) 78.6% (65.9-91.3% 91.3% (81.1-100%) 

PPV 80.0% (70.6-89.4%) 85.7% (74.9-96.6%) 50.0% (31.8-68.2%) 

NPV 72.7% (62.2-83.2%) 57.9% (42.6-73.2%) 84.0% (70.7-97.3%) 

N = 68 (complete case analysis) 
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We minimised reporting bias by prospective data 

collection and staff training; but residual reporting 

bias is possible. In particular, an unknown Koplik’s 

status may have been misclassified as an absence of 

Koplik’s and this is a limitation in our study. We 

believe that the potential for this bias is relatively 

small, because the observation of KS was made 

before laboratory confirmation was available (i.e., 

independent of this).  

In addition, we compared patients where the 

presence or absence of KS was recorded with those 

with missing KS information. The findings of similar 

measles positivity rates as well as a similar age, sex 

and reporter distribution in both groups suggest that 

exposure and ascertainment errors were not common 

and unlikely the source of significant bias.  

This is a study using prospectively collected 

observational data to estimate test properties of 

Koplik’s spots. Short of conducting a trial, 

underreporting of suspected cases remains a 

possibility, even in settings such as in the UK, where 

clinicians are required by law to report their suspicion 

to relevant health authorities, minimising the 

potential of underreporting. Milder cases are more 

likely to be underreported than severe ones; however, 

the occurrence of Koplik’s spots has not been 

associated with disease severity and suspicion 

underreporting is unlikely to have introduced 

significant bias. 

Well-established and highly sensitive and 

specific laboratory tests were used to confirm 

diagnosis. Samples were usually collected between 

one and six weeks after initiation of symptoms, 

optimising laboratory outputs. Equivocal samples or 

those taken too early to be confident about 

seroconversion were tested by PCR (to avoid testing 

false-negative). Testing of saliva samples has been 

well validated [5] and forms part of the UK routine 

surveillance system for measles.  

In conclusion, we confirmed that clinical 

suspicion of measles has a low predictive value 

overall, but demonstrated that KS, while not 

“pathognomonic” as initially described by Henry 

Koplik [9], can significantly improve the accuracy of 

clinical diagnosis and help minimise false positive 

diagnosis. The lower predictive values in primary 

care emphasise the importance of clinicians keeping 

in mind their context and their local epidemiological 

variations. We have presented observational evidence 

on a relatively small sample and further studies 

should evaluate the added predictive value of 

including KS in clinical case definitions to improve 

early diagnosis and intervention. 
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