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ABSTRACT

Aim To describe clinical and laboratory findings, as well as to examine the significance of novel hemo-
gram-derived inflammatory indices in adult patients with measles admitted to a tertiary hospital.
Methods This prospective, descriptive, and analytical study included adult patients over 18 years of age with 
clinical signs of measles, admitted at the Clinic for Infectious Diseases, Clinical Centre of Sarajevo. Upon 
admission, medical history, physical examination, and laboratory analyses were conducted from February 
2024 to 31 December 2024.
Results The study included 124 patients, 52 men and 72 were women with a mean age of 38.33±13.18 
years. The most common symptoms in most patients were rash (95.97%) and cough (69.36%). Neutrophilia 
(63.7%) and lymphopenia (74.19%) were the main haematological features along with elevated C-reactive 
protein (CRP) (95.17%) and transaminase (75%) in the vast majority of patients. The results of laboratory 
analyses also indicated hyponatremia and hypokalaemia, with elevated values ​​of the enzymes creatine ki-
nase (CK) and lactate dehydrogenase (LDH). The CRP, as the most commonly elevated laboratory parame-
ter, showed a significant positive correlation with the neutrophil-to-lymphocyte ratio (NLR) and the systemic 
inflammation response index (SIRI) (p < 0.05), as well as with the systemic immune–inflammation index 
(SII) and the aggregate index of systemic inflammation (AISI) (p < 0.01).
Conclusion Adult measles was associated with significant inflammation, hematologic changes, and organ 
involvement, with CRP showing strong correlations with hemogram-derived indices, suggesting that these 
indices may be useful in the diagnostics of measles.
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INTRODUCTION

The causative agent of measles is an RNA virus, from the fami-
ly Paramyxoviridae, genus Morbillivirus. The virus is resistant 
in the external environment, and is found in nasopharyngeal 
secretions, urine and blood 2-3 days before the appearance 
of the disease symptoms and one day after the appearance of 
symptoms of the disease (1). Measles is a cosmopolitan dis-
ease and occurs sporadically or epidemically in all parts of the 
world. Newborns are protected in the first 6 months of life by 
passive, transplacental immunity transferred from the mother, 
if she had measles (2). The reservoir of infection are humans, 

the source of infection is the nasopharyngeal secretion of an 
infected person. The route of spread of the infection is droplet 
transmission, and the entrance door of the infection is the mu-
cous membrane of the conjunctiva and the upper parts of the 
respiratory tract. It occurs in an endemoepidemic form most 
often in children of preschool and early school age (3).
The incubation period for measles is 10-11 days. It proceeds 
without symptoms, and in the last third of the incubation pe-
riod the patient is infectious. The symptoms that occur are 
cough, coryza, Koplik’s spots and conjunctivitis. Patients go 
through a catarrhal, rash and convalescent stage of the disease 
(2). Measles can also have complications, the most common of 
which are pneumonia, diarrhea and ear infections (4).
Hemogram-derived indices (HDI) are new parameters ob-
tained by simple mathematical calculation of inflammation 
indicators: the number of leukocytes, lymphocytes, neutro-
phils, monocytes, platelets, C-reactive protein (CRP), etc. (5). 
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HDIs have a role in disease diagnostics, prediction of patient 
condition, disease and outcome prognosis and assessment of 
therapy success (6). A large number of studies have so far 
shown the usefulness of HDIs in respiratory infections such 
as COVID-19, respiratory syncytial virus (RSV) infection and 
Mycobacterium pneumoniae pneumonia (7,8). Given their 
demonstrated diagnostic potential in the viral infections, it 
would be worth testing them in measles as well.
The aim of this study was to describe clinical and laboratory 
findings and to examine the significance of novel HDIs in adult 
patients with measles admitted to a tertiary hospital.

PATIENTS AND METHODS

Patients and study design

This prospective, descriptive and analytical study included 
adult patients over the age of 18 who presented with symptoms 
of measles infection at the Clinic for Infectious Diseases, Clin-
ical Centre University of Sarajevo, Bosnia and Herzegovina. 
Upon admission of patients with a referral diagnosis of mea-
sles, a medical history was obtained, a physical examination 
was performed, and blood samples were collected for labora-
tory analysis. Exclusion criteria included inadequate medical 
documentation, immunodeficiency, and autoimmune diseases. 
There were no pregnant women among the patients.
From February until the end of 2024, data on patients meet-
ing the inclusion criteria were collected prospectively. Data on 
age, sex, symptoms, vaccination status and laboratory analysis 
values ​​were obtained from the Hospital and Laboratory Infor-
mation System. To ensure complete accuracy and complete-
ness of patient data, two authors reviewed the database twice.
The study was conducted with the approval of the Ethics Com-
mittee of the Clinical Center of the University of Sarajevo (No. 
06-04-9-92174).

Methods

A venous blood sample was taken from all patients for bio-
chemical, haematological, coagulation and serological anal-
yses. Blood samples were collected from the cubital vein by 
venipuncture. Complete and differential blood counts were 
analysed from whole blood samples, basic biochemical and se-
rological analyses from serum, and coagulation analyses from 
plasma. A DxH 900 haematology analyser (Beckman Coulter, 
USA) was used for haematological analyses, an Alinity bio-
chemical analyser (Abbott, USA) for biochemical analyses, 
and a BCS CP (Siemens, Germany) for coagulation analyses. 
The reference interval for sodium (Na) was 135-145 mmol/l, 
potassium (K) 3.5-5.2 mmol/l, CRP 0-5 mg/l, aspartate ami-
notransferase (AST) 0-39 U/l, alanine aminotransferase (ALT) 
0-37 U/l, creatine kinase (CK) 29-285 U/l and lactate dehy-
drogenase (LDH) 120-240 U/l. Serological analyses were 
performed using an ELISA (enzyme-linked immunosorbent 
assay) test to determine IgM (SERION ELISA classic Masern/
Measles Virus IgM assay, Serion Diagnostics). 
The neutrophil-to-lymphocyte ratio was calculated by dividing 
the absolute neutrophil count by the lymphocyte count (NLR 
= Neutrophils/Lymphocytes). The platelet-to-lymphocyte ratio 
was obtained by dividing the platelet count by the lympho-
cyte count (PLR = Platelets/Lymphocytes). The systemic im-
mune-inflammation index was calculated as SII = (Platelets × 

Neutrophils)/Lymphocytes. The aggregate index of systemic 
inflammation is calculated as AISI = (Neutrophils × Mono-
cytes × Platelets)/Lymphocytes. The systemic inflammation 
response index was calculated as SIRI = (Neutrophils × Mono-
cytes)/Lymphocytes. 

Statistical analysis

Continuous variables were presented as arithmetic means and 
standard deviations (SD), and categorical variables as absolute 
and relative numbers. Data analysis was focused on descriptive 
statistics and correlation testing. The correlation between HDI 
and the inflammatory parameter CRP was tested by Pearson’s 
correlation test. The statistical significance threshold was set 
at p<0.05.

RESULTS

The study initially included 270 patients and after the applica-
tion of exclusion criteria 124 adult (>18 years) patients with 
clinically and serologically confirmed measles infection over 
a period of 11 months were included. Of the total number of 
patients, 52 (41.94%) were men and 72 (58.06%) were wom-
en with a mean age of 38.33±13.18 years. The most common 
symptoms in most patients were rash (95.97%) and cough 
(69.36%). CRP had mean value 70.1 mg/L and it was elevat-
ed in 95.17% of patients. Liver transaminases (AST and ALT) 
were elevated in 75% of patients (Table 1).

Variables
Age (mean±SD) (years) 38.33±13.18

No (%) of patients
Gender 
Male 52 (41.94)
Female 72 (58.06)
Symptoms
Rash 119 (95.97)
Cough 86 (69.36)
Koplik spot 80 (64,51)
Coryza 31 (25)
Conjuctivitis 20 (16.13)
Diarrhea 19 (15.32)
Vaccinated
YES 34 (27.4)
NO 90 (27.4)
Laboratory findings (reference value) 
Leukopenia (<4 x109/l) 16 (12.9)
Neutrophilia (>7 x 109/l) 79 (63.7)
Lymphopenia (<1 x 109/l) 92 (74.19)
Thrombocytopenia (<150 x 109/l) 49 (39.52)
Elevated transaminases (>50 U/l) 93 (75)
Elevated CRP (>5 mg/l) 118 (95.17)
IgM (mean±SD) (U/l) 451.25±345.83

Table 1. Demographic and clinical characteristics of adult 
patients with measles infection

CRP, C-reactive protein; IgM, immunoglobulin M

The results of laboratory analyses indicated hyponatremia and 
hypokalaemia, with elevated values ​​of CRP, transaminases, and 
the enzymes CK and LDH (Table 2). Mean sodium and potas-
sium levels of 135.71 mmol/L and 3.83 mmol/L were observed.
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to some extent explain the emergence of this highly contagious 
viral infection, and thus increase the risk of an epidemic (12). 
The vast majority of our patients exhibited classic measles 
symptoms, particularly rash and cough, aligning with the stan-
dard clinical presentation of measles in adults (13). Koplik’s 
spots, were present in more than half of the cases, which is 
similar to findings from China (14, 15).  
Neutrophilia and lymphopenia were prominent hematologic 
findings, consistent with the known immunosuppressive effects 
of measles virus on lymphocyte populations (16). Casasoprana 
A et al also reported that 95% of patients had lymphopenia 
and 49 had thrombocytopenia in their study of 134 measles 
patients (17). Elevated CRP and liver transaminases were also 
observed, indicating a robust systemic inflammatory response 
and hepatic involvement. Similar hepatic abnormalities have 
been presented in other adult measles studies, suggesting that 
transient hepatitis may be a common complication (18,19).
Additionally, elevated levels of CK and LDH point toward 
muscle involvement and generalized cellular injury, possibly 
due to viral cytopathic effects or immune-mediated damage 
(20). Hyponatremia and hypokalaemia were also observed. 
These findings may be attributed to gastrointestinal symptoms 
(diarrhea and vomiting) or syndrome of inappropriate antidi-
uretic hormone secretion, both of which have been reported in 
adult viral infections (21).
This study evaluated novel hemogram-derived inflammatory 
indices - NLR, PLR, SII, AISI, and SIRI, all of which were 
markedly elevated. Their altered values, in this case elevat-
ed, were the result of changes in the differential blood count 
(6). These indices showed significant positive correlation with 
CRP, suggesting their potential role as biomarkers for the lab-
oratory diagnostics of measles infection in adult patients. For 
comparison, in a study involving 71 patients with a moderate 
clinical picture, NLR had a mean value of 5.74 against our 
study where NLR was 8.13 among 124 patients (18). Previous 
studies have validated these markers in other viral and inflam-
matory diseases, emphasizing their prognostic relevance (6). 
Their use could assist clinicians in early identification of pa-
tients at risk for complications, especially in resource-limited 
settings (22). Therefore, these results are the first to describe 
the diagnostic potential of hemogram-derived indices in adult 
patients with measles.
The study has several important strengths and limitations. Ac-
cording to the available literature, our study included a rela-
tively large number of adult patients with comprehensive clini-
cal and laboratory data. Also, to our knowledge, this is the first 
study to examine the significance of using new hemogram-de-
rived indices in measles diagnosis. Limitations of the study 
include its single-centre design, which may affect external 
validity. Additionally, data on IgG results, clinical outcomes, 
and long-term sequelae were not available this time and they 
should be studied further.
In conclusion, adult measles infection is associated with a pro-
nounced systemic inflammatory response, as evidenced by fre-
quent haematological abnormalities, elevated CRP, liver enzyme 
disturbances, and electrolyte imbalances. The strong correlation 
between CRP and hemogram-derived inflammatory indices such 
as NLR, SII, AISI, and SIRI suggests that these readily available 
markers may serve as useful parameters for adult patients at hos-
pital admission. Early identification of patients with symptoms 
through simple laboratory indices could improve the manage-
ment and outcomes in adult measles cases. Further research is 

Parameter (reference value) Mean±SD

Na (135-145 mmol/L) 135.71±3.3
K (3.5-5.2 mmol/ L) 3.83±0.48
CRP (0-5 mg/l) 70.1±58.07
AST (8-34 U/l) 148.53±119.87
ALT (4-37 U/l) 201.16±189.56
AST/ALT ratio 1.05±1.12
CK (30-150 U/L for females and 40-250 U/L 
for males) 417.27±582.37

LDH (140-280 U/l) 503.68±253.99
NLR (0.78 to 3.53) 8.13±7.81
PLR (100-200) 278.95±185.17
SII (161-701) 1452.16±1754.98
AISI 929.09±1787,49
SIRI 4.58±8.32

Table 2. Overview of main laboratory findings and hemogram-
derived and inflammatory indices of adult patients with measles

CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; AST/ALT ratio, De Ritis ratio; CK, creatine kinase; 
LDH, lactate dehydrogenase; NLR, neutrophils/lymphocytes ratio; PLR, 
platelet/lymphocytes ratio; SII, systemic immune-inflammation index; AISI, 
aggregate index of systemic inflammation; SIRI, systemic inflammatory 
response index

CRP AST/ALT NLR PLR SII AISI SIRI

rho 0.027 0.205* 0.183 0.397† 0.433† 0.250†

p 0.775 0.028 0.052 0.000 0.000 0.007

Table 3. Correlation of hemogram-derived and inflammatory 
indices with C-reactive protein (CRP) in adults patients with 
measles

*p<0.05; †p<0.01
AST/ALT ratio, De Ritis ratio; NLR, neutrophils/lymphocytes ratio; PLR, 
platelet/lymphocytes ratio; SII, systemic immune-inflammation index; AISI, 
aggregate index of systemic inflammation; SIRI, systemic inflammatory 
response index 

CRP had positive, significant correlations with NLR, SIRI 
(p<0.05) and with SII and AISI (p<0.01) (Table 3). AST/ALT 
and PLR did not show a significant correlation.

DISCUSSION

Bosnia and Herzegovina previously experienced two major 
measles epidemics: 1997–1999 and 2014–2015, with over 
10,000 patients. In 2019, more than 700 cases were record-
ed, of which 92.5% were unvaccinated (9). The COVID-19 
pandemic had a negative impact on routine vaccination pro-
grams. In the period from 2020 to 2022, DTP3 vaccine cov-
erage decreased by 17.6%, while MMR1 coverage decreased 
by 26.7% (10). During the measles epidemic in 2024, a total 
of 7,477 cases were reported in the Federation of Bosnia and 
Herzegovina, of which 4,514 were reported in Sarajevo Can-
ton (11). Therefore, the purpose of our study was to provide a 
comprehensive analysis of adult patients with confirmed mea-
sles infection at hospital admission, highlighting key clinical 
presentations, laboratory results, and the utility of determining 
hemogram-derived inflammatory indices.
The vaccine against measles is a basic preventive measure, 
which protects against the onset of infection or, in case of illness, 
the clinical picture is mild (1). However, even in immunized 
adults, it has been proven that its effectiveness and the concen-
tration of IgG antibodies decrease over the years, which may 
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needed to validate the prognostic value of these inflammatory 
markers in larger and more diverse populations.

AUTHOR CONTRIBUTIONS 
Conceptualization, B.H., A.M., S.H.; methodology, B.H.; val-
idation, B.H., L.A., and E.H.H.; formal analysis, B.H., and 
E.Š.; data curation, B.H., A.P., A.M., and A.S.; writing—orig-
inal draft preparation, A.M., S.H., and B.H.; writing - review 
and editing, B.H.; visualization, E.Š.; supervision, B.H., L.A., 

E.H.H., and A.P.; project administration, B.H. All authors have 
read and agreed to the published version of the manuscript.

FUNDING 
No specific funding was received for this study.

TRANSPARENCY DECLARATION 
Conflict of interests: None to declare.

REFERENCES 

1.	 Danova I. A review of measles virus. Prob Infect Parasit 
Dis 2021; 49:5–13. doi: 10.58395/pipd.v49i2.69.

2.	 de Vries RD, Duprex WP, de Swart RL. Morbillivirus in-
fections: an introduction. Viruses 2015; 7:699-706. doi: 
10.3390/v7020699.

3.	 Laksono BM, de Vries RD, McQuaid S, Duprex WP, de 
Swart RL. Measles Virus Host Invasion and Pathogenesis. 
Viruses 2016; 8:210. doi: 10.3390/v8080210.

4.	 Rota PA, Moss WJ, Takeda M, de Swart RL, Thompson 
KM, Goodson JL. Measles. Nat Rev Dis Primers 2016; 
2:16049. doi: 10.1038/nrdp.2016.49.

5.	 Alhalwani AY, Hafez SY, Alsubaie N, Rayani K, Alqana-
wi Y, Alkhomri Z, et al. Assessment of leukocyte and sys-
temic inflammation index ratios in dyslipidemia patients 
with dry eye disease: a retrospective case‒control study. 
Lipids Health Dis 2024; 23:179. doi: 10.1186/s12944-
024-02176-z.

6.	 Izmirlija M, Hasanefendić B, Husejinbegović L, Halilović 
L, Altumbabić L, Pašić A. Laboratory inflammatory pa-
rameters depending on the COVID-19 test result. JHSCI 
2024; 14:98-102. doi: 10.17532/jhsci.2024.2629

7.	 Okuyan O, Elgormus Y, Dumur S, Sayili U, Uzun H. New 
Generation of Systemic Inflammatory Markers for Respi-
ratory Syncytial Virus Infection in Children. Viruses 2023; 
15(6):1245. doi: 10.3390/v15061245

8.	 Wang S, Wan Y, Zhang W. The Clinical Value of Systemic 
Immune Inflammation Index (SII) in Predicting the Sever-
ity of Hospitalized Children with Mycoplasma Pneumo-
niae Pneumonia: A Retrospective Study. Int J Gen Med 
2024; 17:935-42. doi: 10.2147/IJGM.S451466.

9.	 Musa S, Salimović-Bešić I, Džambić JB, Tihić N, Ba-
jramović A, Arapčić S, et al. Ongoing measles outbreak, 
the Federation of Bosnia and Herzegovina, December 
2023 to February 2024. Euro Surveill 2024; 29:2400107. 
doi: 10.2807/1560-7917.ES.2024.29.9.2400107.

10.	 Salimović-Bešić I, Šeremet M, Hübschen JM, Hukić M, 
Tihić N, Ahmetagić S, et al. Epidemiologic and laborato-
ry surveillance of the measles outbreak in the Federation 
of Bosnia and Herzegovina, February 2014-April 2015. 
Clin Microbiol Infect 2016; 22:563.e1-7. doi: 10.1016/j.
cmi.2016.02.005.

11.	 Hasanefendić B, Pašić A, Halilović L, Velić A, To-
palović-Četković J, Fazlagić A. Measles epidemic out-
break: A challenge to the medical biochemistry laboratory 
in a tertiary hospital. JHSCI 2025; 15:62-3. doi: 10.17532/
jhsci.2025.2656

12.	 Franconeri L, Antona D, Cauchemez S, Lévy-Bruhl D, 
Paireau J. Two-dose measles vaccine effectiveness re-

mains high over time: A French observational study, 
2017-2019. Vaccine 2023; 41:5797-804. doi: 10.1016/j.
vaccine.2023.08.018.

13.	 Gungor K, Bukavaz S, Ekuklu G. Measles outbreak in the 
adult age group: Clinical, laboratory, and epidemiological 
features of the 11 patients admitted to the hospital. J Med 
Virol 2024; 96:e29583. doi: 10.1002/jmv.29583.

14.	 Zhao L, Wang Y, Chen X, Yang L, Cai M, Zhang Z, et al. 
Clinical characteristics of adult inpatients with Measles in 
Beijing from 2010 to 2021: a retrospective analysis. BMC 
Infect Dis 2023; 23:312. doi: 10.1186/s12879-023-08256-2.

15.	 Zhang Z, Zhao Y, Yang L, Lu C, Meng Y, Guan X, et al. 
Measles Outbreak among Previously Immunized Adult 
Healthcare Workers, China, 2015. Can J Infect Dis Med Mi-
crobiol 2016; 2016:1742530. doi: 10.1155/2016/1742530.

16.	 Griffin DE. Measles virus-induced suppression of im-
mune responses. Immunol Rev 2010; 236:176-89. doi: 
10.1111/j.1600-065X.2010.00925.x.

17.	 Casasoprana A, Honorat R, Grouteau E, Marchou B, Clau-
det I. A comparison of adult and pediatric measles patients 
admitted to emergency departments during the 2008-2011 
outbreak in the Midi-Pyrénées region of France. Jpn J In-
fect Dis 2014; 67:71-7. doi: 10.7883/yoken.67.71.

18.	 Bîrluțiu V, Bîrluțiu RM. Measles-Clinical and Biological 
Manifestations in Adult Patients, Including a Focus on 
the Hepatic Involvement: Results from a Single-Center 
Observational Cohort Study from Romania. J Clin Med 
2024; 13:5535. doi: 10.3390/jcm13185535.

19.	 Premaratna R, Luke N, Perera H, Gunathilake M, Am-
arasena P, Chandrasena TGAN. Sporadic cases of adult 
measles: a research article. BMC Res Notes 2017; 10:38. 
doi: 10.1186/s13104-017-2374-6

20.	 Sugaya N, Takeuchi Y, Kanno T. Increased lactate dehy-
drogenase in serum in measles infection. Clin Chem 1987; 
33:661-3.

21.	 Albeladi FI, Wahby Salem IM, Albandar AA, Almusay-
lim HA, Albandar AS. Electrolyte imbalance in infectious 
disease patients at King Abdulaziz Hospital, Jeddah. J 
Taibah Univ Med Sci 2021; 17:256-63. doi: 10.1016/j.
jtumed.2021.09.010.

22.	 Ghobadi H, Mohammadshahi J, Javaheri N, Fouladi N, 
Mirzazadeh Y, Aslani MR. Role of leukocytes and system-
ic inflammation indexes (NLR, PLR, MLP, dNLR, NLPR, 
AISI, SIR-I, and SII) on admission predicts in-hospital 
mortality in non-elderly and elderly COVID-19 patients. 
Front Med (Lausanne) 2022; 9:916453. doi: 10.3389/
fmed.2022.916453.

Publisher’s Note Publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations

Hasanefendić et al. Clinical and laboratory findings in adult measles patients


