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Abstract

:

Measles is a highly infectious and sometimes deadly illness that is preventable with vaccination. The present research aims to analyze the most recent measles epidemic from Romania that occurred in a population with a falling desire to receive immunizations, by detailing the clinical picture and biological profile of hospitalized patients. A secondary goal of the present research is to identify characteristics that increase the likelihood of a longer hospitalization and the development of measles-related pneumonia. A retrospective cohort study was conducted to follow the course and effects of measles virus infection in adult hospitalized patients who were divided into two groups based on whether they had been in the hospital for more than 6 days or fewer than 6 days. A total of 114 adult patients with measles were eligible to participate in the trial if they had a positive measles-specific IgM antibody test resulting from the study. The average age in the short hospital stay group was 28.1 years, while the average age in the long hospital stay group was 31.9 years. There was a statistically significant difference in the number of Roma persons in the research groups, with 17.4 percent of them having a lengthy hospital stay compared to 5.9 percent in the group with a short hospital stay, according to the findings. It was observed that many patients had a long hospitalization associated with chronic lung disease (OR = 1.07), liver damage (OR = 1.66), Roma ethnicity (OR = 1.79), a long duration elapsed from the last MMR dose (OR = 2.02), elevated c-reactive protein (OR = 2.17), the presence of bilateral pulmonary condensations on X-ray (OR = 3.13), and elevated procalcitonin (OR = 3.49). The same significant independent risk factors were also associated with the development of pneumonia. It is of imperative need to address these risk factors in a patient with measles, moreover in association with an unknown status of vaccination. Vaccination awareness against measles must be pushed in Romania to determine a higher than 95% coverage. Significant efforts are still needed to ensure improved protection against measles epidemics within a specific region or population and, more importantly, in patients with significant risk factors for complications, as described in this study.






Keywords:


measles; infectious disease; public health












1. Introduction


Measles is a highly infectious and possibly deadly illness that is preventable with vaccination [1]. It is caused by Measles morbillivirus, generally known as the measles virus. It is placed in the genus Morbillivirus, the family Paramyxoviridae, and the subfamily Orthoparamyxovirinae [2]. The measles virus is an enclosed virus with a diameter of around 100–300 nm and a single-stranded, negative-sense, non-segmented RNA [3]. The predicted annual global mortality toll from measles declined to fewer than 100,000 in 2016, but climbed to more than 200,000 in 2019 [4]. Nonetheless, between 2000 and 2019, the measles vaccine prevented an estimated number of more than 25 million deaths globally [5], while the current SARS-CoV-2 pandemic may have altered the disease’s usual pattern of dissemination and vaccination practices [6,7]. As of July 2022, Romania had recorded a total of 20,204 cases and 64 deaths since the beginning of the ongoing epidemic in 2016 [8].



Humans are the only natural hosts of the measles virus, and only one serotype has been identified, allowing for vaccination-based protection against the illness [9]. Despite the fact that a safe and effective vaccination has been available for almost 60 years, measles continues to cause significant morbidity and death, particularly in resource-poor countries [10]. Measles continues to spread across Europe as a consequence of inadequate vaccine coverage and population immunity gaps, with Eastern Europe, especially Romania, being one of the most impacted areas [11]. Nonetheless, a low-cost, safe vaccination is available, and ongoing worldwide efforts are being made to eradicate the illness. To do this, however, a very high vaccination coverage of at least 95 percent must be acquired and sustained over an extended period of time [12]. However, Romania has an immunization rate below 95% [13].



The measles virus is disseminated by aerosolized droplets and secretions from the respiratory tract [14]. The incubation period, which follows a log-normal distribution, is around 10–14 days and may extend to 23 days, with symptoms lasting up to 3 weeks [15]. The infectious period begins four days before and ends around four days after the commencement of the rash [16]. Measles is extremely infectious, and a single infected case is expected to create on average 12–18 secondary infections in an entirely susceptible community; however, estimates vary greatly depending on the epidemiological situation [17].



Numerous reasons contribute to the unsatisfactory results of measles prevention and control in Romania, including vaccine supply issues, public attitudes about vaccination, and even the lack of a legal framework governing vaccination [18]. Although the disease burden caused by measles had significantly diminished in Romania by the turn of the century, the outbreaks of 2004–2007 and 2011–2013, as well as the one that started in 2016, demand attention [19]. Therefore, the current study plans to analyze the most recent measles epidemic from Romania, in a population with a declining willingness to receive vaccines, by describing the clinical picture and biological profile of hospitalized patients. A secondary objective of the current study is to determine risk factors for a longer hospitalization and the development of measles-related pneumonia.




2. Materials and Methods


2.1. Research Design and Ethical Considerations


A retrospective cohort study was conducted to track the progression and consequences of measles virus infection in hospitalized adult patients. We analyzed clinical and paraclinical data from patients admitted to Timisoara’s “Victor Babes” Infectious Diseases and Pulmonology Hospital. The data collection period included the time from 1 January 2016 to 1 January 2020. The study population and important characteristics were identified utilizing a population-based administrative database of patients who visited the same clinic’s inpatient setting over the study period. Our comprehensive database included patient medical records that were protected by privacy regulations and collected with the patient’s consent. This information included the patient’s demographics, medical history, and in-hospital treatments. All patients’ baseline characteristics and procedures were documented in the hospital database and in paper patient records examined by qualified doctors involved in the present investigation. We identified a total of 114 cases of measles in our adult group.



The Local Ethics Committee for Scientific Research at the “Victor Babes” Clinical Hospital for Infectious Diseases and Pulmonology in Timisoara operates in accordance with the provisions of Article 167 of Law No. 95/2006, Article 28 of Order 904/2006, and the EU Good Clinical Practice Directives 2005/28/EC, the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH), and the Declaration of Helsinki—Recommendations Guiding Mediation. On 15 December 2021, the present research was authorized with the approval number 12,571. By completing an informed consent form, all research participants consented to participate in this investigation.




2.2. Eligibility Criteria and Study Variables


The first eligibility criterion was for patients to be older than 18 years. Patients were also eligible for inclusion if they were admitted to our clinic with clinical symptoms of measles as defined by the Center for Diseases Control (CDC) in 1983 [20], which included fever, maculopapular rash, and any symptom between cough, coryza, or conjunctivitis. To later confirm the measles infection, the measles IgM antibody detection or measles RNA real-time polymerase chain reaction (PCR) was performed according to existing evidence [21,22]. Patients were excluded from the study if their personal records were incomplete, or the patient consent was refused for involvement in medical or analytical studies. The cases that matched inclusion criteria were distributed in two groups based on the median duration of hospitalization that was 6 days. It is conventionally considered that a hospitalization of more than five days is long [23]; therefore, the group of patients hospitalized for fewer than six days were included in the short stay group, and those staying more than six days comprised the long stay group.



The variables considered for statistical analysis comprised the following: the month when infection happened, patient age, gender, pregnancy status, place of origin (urban, rural), ethnicity (Romanian, Roma), measles vaccination status (unvaccinated, incomplete vaccination, complete vaccination), years from last MMR dose, comorbidities (none, diabetes mellitus, cardiovascular disease, chronic lung disease, others), infection source (family, collective, isolated), complications (upper respiratory tract infection, lower respiratory tract infection, sepsis, acute respiratory failure), signs and symptoms (Koplik’s spots, maculopapular rash, hyperpigmented rash, coryza, fever, cough, headache, diarrhea, fatigue, altered mental status), chest X-ray (bilateral consolidation, interstitial pattern), antibiotic treatment (none, cephalosporins, fluoroquinolones, macrolide, penicillins), length of hospital stay, ICU admission, laboratory parameters (white blood cells, lymphocytes, red blood cells, hemoglobin, alanine aminotransferase, aspartate aminotransferase, blood urea nitrogen, creatinine, lactate dehydrogenase, procalcitonin, c-reactive protein, fibrinogen), and infection outcome (mortality).




2.3. Statistical Analysis


Data were statistically analyzed using IBM SPSS v.26 (IBM Corp., Chicago, IL, USA) and MedCalc v.20 (MedCalc Software Ltd., Ostend, Belgium). We estimated the absolute (n) and relative (percent) frequencies of categorical variables and used Chi-square and Fisher’s exact tests to compare their proportions. The Mann–Whitney test was used to compare non-Gaussian variables with median and interquartile range definitions (IQR). The Student’s t-test was utilized to compare the mean and standard deviation of continuous data having a normal distribution (unpaired, independent samples). Finally, after adjusting for confounding variables, a multivariate analysis was utilized to identify independent risk factors for longer hospital stay in patients with measles. The alpha value was set at 0.05 as a threshold of significance.





3. Results


After data collection and patient exclusion based on the study protocol and differential diagnosis, a total of 114 adult patients with measles were included for data analysis. A further processing was implemented by stratifying data into two comparison groups based on the duration of hospital admission. There were 68 (59.6%) patients whose hospital admission was shorter than or equal with the median of 6 days in the existing cohort. The remaining 46 (40.4%) patients had a hospital stay longer than 6 days. The average age in the short hospital stay group was 28.1 years old, compared with 31.9 years old in the long stay group, with a statistically significant difference between means (p-value = 0.009). The epidemiological analysis of measles infections distributed by month of diagnosis, presented in Figure 1, identified a relative higher proportion of long hospitalization during the October–December period, compared to shorter hospitalizations from January to April. However, the difference was not statistically significant.



3.1. Background Analysis


The background characteristics of adult patients admitted to hospital with measles, presented in Table 1, determined a statistically significant difference in the proportion of Roma people in the study groups, where 17.4% of them had a long hospitalization, compared with 5.9% in the short hospital stay group (p-value = 0.049). Patients who were admitted to hospital for more than 6 days had an average of 14.8 years elapsed since their last MMR dose, compared to 6.6 years in patients from the short hospitalization group (p-value < 0.001). There were significantly more patients unvaccinated or with a status of incomplete measles vaccination in the group of patients who had a long hospital stay (5.9% incomplete vaccinations vs. 21.7% incomplete vaccinations in the long stay group, p-value = 0.036). It was also observed that proportions of comorbidities were significantly different between the two study groups. Thus, diabetes mellitus and chronic lung disease were more prevalent in the long hospitalization group (6.5% vs. 0.0%, p-value = 0.033). Additionally, 94.1% of adult patients with measles did not have any comorbid conditions, compared with 73.9% in the long hospitalization group (p-value = 0.002).




3.2. Clinical Profile and Biological Parameters


Table 2 describes the clinical characteristics, complications, and outcomes of adult patients admitted with measles, stratified by duration of hospital stay, as described in Figure 2. The most prevalent signs and symptoms were fever (92.6% in the short stay group, and 100% in the long stay group), maculopapular rash (96.8% in the short stay group, and 84.8% in the long stay group), followed by cough that affected more than 80% of all patients. Significant differences were observed in the prevalence of diarrhea (p-value = 0.007), fatigue (p-value = 0.003), and altered mental status (p-value = 0.045), with the highest proportion among patients with a long hospitalization. The same group of patients suffered complications such as liver injury and pneumonia in higher numbers than patients with a shorter hospitalization (28.3% vs. 13.2%, p-value = 0.046) and (52.2% vs. 32.4%, p-value = 0.034), respectively. The chest X-ray revealed statistically more patterns of bilateral consolidation and interstitial inflammation in patients with longer hospitalization. A total of 39 (89.1%) of these patients received antibiotics, compared to 40 (58.8%) among those who stayed fewer than 7 days in the hospital. The most commonly used antibiotic was cephalosporins in approximately 50% of all treated patients. Lastly, ICU admissions were significantly more frequent in patients with long hospitalization, compared with the other group (10.9% vs. 1.5%, p-value = 0.027), although there were no deaths reported in the study cohort.



The biological profile of a complete blood count, and liver, kidney, and inflammatory serum markers of adult patients with measles is presented in Table 3. It was observed that a significantly higher proportion of patients who stayed in hospital more than 6 days had their serum parameters outside the normal range, compared to those with a short hospitalization. Therefore, the white blood cell count, number of lymphocytes, alanine aminotransferase, lactate dehydrogenase, procalcitonin, c-reactive protein, and fibrinogen were, statistically, significantly more elevated. Conversely, hemoglobin was lower in patients with long hospitalization (41.2% vs. 22.1%, p-value < 0.001).




3.3. Risk Factor Analysis


The risk factor analysis presented in Table 4 and Figure 3 and Figure 4 identified, in ascending order of odds ratios, chronic lung disease, liver damage, Roma ethnicity, duration from the last MMR dose, CRP, bilateral pulmonary condensation on X-ray, and elevated procalcitonin as statistically significant independent risk factors for long hospitalization and the development of pneumonia in adult patients with measles. The analysis was adjusted for confounding factors such as measles positive vaccination status.





4. Discussion


The current study presented in detail the biological profile and clinical features as determinants for prolonged hospitalization in adult patients with measles. It was observed that many patients had a long hospitalization associated with chronic lung disease, liver damage, Roma ethnicity, a long duration elapsed from the last MMR dose, elevated c-reactive protein, the presence of bilateral pulmonary condensations on X-ray, and elevated procalcitonin.



4.1. Literature Findings and Treatment Options


It was observed among our patients that few were previously vaccinated for measles, or some of them did not have a complete record for measles vaccination. Moreover, almost one third of patients who had a long hospitalization were unvaccinated or had an incomplete vaccination status. Moreover, it was observed in this group of patients that significantly more of them presented with an abnormal laboratory profile, such as elevated procalcitonin, that can occur, for example, due to the presence of a secondary infection such as pneumonia. Roma ethnicity was found to be an important risk factor for longer hospitalization, likely due to the very low vaccination rates in this community in Romania. Similar findings were described in 2020 in a measles outbreak in a Roman community from Slovakia [24]. Another risk factor identified in this study is the liver injury that often occurs in unvaccinated patients and with higher severity [25].



Although vaccination was proven to be extremely effective in preventing infection with the measles virus, a small number of patients will experience symptoms or even a maculopapular rash if there is an immune deficiency, or in cases where the vaccine was administered a very long time ago [26]. Additionally, the measles vaccine’s efficacy is dropping since recent trends show a hesitancy in receiving vaccines, moreover after the vaccination crisis during the COVID-19 pandemic when the general trust in vaccines decreased significantly [27,28]. Research studying the immunogenicity in the long term after measles vaccination versus natural infection in 611 patients, observed that the proportion of individuals with non-detectable protective anti-measles IgG was higher among those who were fully vaccinated than among people who reported having had measles in the past [29]. We encountered several cases of measles in pregnant women, although their evolution was favorable and without significant severe complications. Other studies describe that the measles virus has been shown to infect the placenta, with viral components being found in the syncytiotrophoblast, but no virus-related malformation has been reported [30]. The rate of malformations reported in pregnant measles patients is equivalent to the rate recorded in the general population [31]. While transfer of infection to the fetus has never been verified, placental injury has been recorded, but the specific mechanism by which it happens is unknown, as alteration of the placenta explains its malfunction and, therefore, fetal demise. Transmission to the fetus occurs solely during the labor or delivery period [32]. There is no effective medication to prevent neonatal transmission, although there is a case for immunoglobulin prophylaxis, and the only effective weapon is prevention, therefore, vaccination must happen before pregnancy [33].



Although no effective curative treatment protocol exists for measles and only supportive medication is used, it is described in the literature that several antivirals are often used alone or in combination. Ribavirin and interferon are two examples of this. Indeed, the literature on treatment is scant, and the same indications are mostly based on clinical examples, where the majority of them support the use of ribavirin, particularly at higher dosages [34]. These findings indicate that ribavirin has a favorable impact on measles and that every measles patient, regardless of length of illness, should receive ribavirin in addition to normal symptomatic management. The dose is not well established, although repeated 200,000 IU seems to have therapeutic benefits. Notably, there is no unanimity on the optimal dose of ribavirin. Patients were treated with 50 mg/kg/day at a dose of 1 g every 6 h, with or without loading doses [35]. In this manner, an Indian randomized clinical trial performed on a small sample of 50 patients observed that the length and intensity of fever, constitutional symptoms and maculopapular rash were significantly decreased in the group of patients treated with ribavirin, without having any reported measles complications compared with the control group, where the duration of hospital stay was also significantly longer [36]. The use of steroids is also examined, as their efficacy in some instances of measles pneumonia is recorded. However, our patients did not benefit from such medication.



Additional treatment options include the injection of immunoglobulins, particularly those specific for measles [37], but it is anticipated that the amount of antibodies in plasma pools from donors would decrease as the number of vaccinated donors grows and as the spread of the wild-type measles virus is reduced by herd immunity [38]. Even though the patients included in the current study received only supportive medication and antibiotics when indicated, various clinical data support the use of vitamin A since it is thought to promote epithelial cell turnover, particularly in the respiratory and intestinal tracts [39]. Vitamin A has a greater impact on children under the age of two years, while anecdotal evidence suggests that it also has beneficial effect on adults as well [10].




4.2. Study Limitations and Future Perspectives


The current study brings together important information regarding the epidemiology of measles in Romania, and the clinical and paraclinical manifestations in the unvaccinated adult population, as well as about the determinants of longer hospitalization. However, several limitations should be mentioned. Firstly, the sample size was relatively small, which affects the power of the statistical analysis. However, the sample was limited by our hospital database and by the rarity of measles in a country where the vaccination campaign was seriously and successfully implemented during the past 30 years. Secondly, the retrospective design of the study relies on the accurate recordkeeping of patient information, as well as on the accuracy of data being transcribed digitally from paper records.





5. Conclusions


In light of the findings in this study indicating a decreasing trend in vaccination against measles in Romania, significant efforts are still required to ensure improved protection against measles epidemics within a specific region and, more importantly, in patients with significant risk factors for complications, as described in this study. It was found in the studied population that chronic lung disease, liver damage, Roma ethnicity, duration from the last MMR dose, CRP, bilateral pulmonary condensation on X-ray, and elevated procalcitonin were independent risk factors for long hospitalization and the development of pneumonia.



We must also consider the economic savings associated with measles prevention on a national basis since prolonged hospital stays are expensive and require isolation and the use of hospital beds that could be allocated for other categories such COVID-19 patients. Catch-up vaccinations with up to two doses of the MMR vaccine continue to be recommended for all individuals who do not know their measles vaccination status, particularly older people who did not benefit from vaccination campaigns, in order to achieve a country-wide vaccination coverage of more than 95%. This research on measles might be used for other illnesses such as COVID-19, therefore preventing deaths and cost savings. Finally, eradicating measles in Romania, as in more wealthy nations such as the United States, would need concerted efforts on a large scale.
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Figure 1. Comparison of measles cases’ proportions by month of infection with stratification by length of hospital stay. 
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Figure 2. Distribution of patients by duration of hospitalization. 
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Figure 3. Multivariate risk factor analysis for long hospitalization in adult patients with measles. 
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Figure 4. Multivariate risk factor analysis for pneumonia in adult patients with measles. 
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Table 1. Comparison of background characteristics of adult patients admitted with measles by duration of hospital stay.
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	Variables
	Short Stay (n = 68)
	Long Stay (n = 46)
	p-Value *





	Background
	
	
	



	Age (mean ± SD)
	28.1 ± 7.0
	31.9 ± 8.3
	0.009



	Gender—female
	31 (45.6%)
	22 (47.8%)
	0.814



	Pregnant—yes
	5 (7.4%)
	1 (2.2%)
	0.224



	Place of origin—urban
	39 (57.4%)
	23 (50.0%)
	0.439



	Ethnicity—Roma
	8 (5.9%)
	4 (17.4%)
	0.049



	Infection source
	
	
	0.813



	Family
	9 (13.2%)
	6 (13.0%)
	



	Collective
	3 (4.4%)
	1 (2.2%)
	



	Isolated case
	56 (82.4%)
	39 (84.8%)
	



	Vaccination status
	
	
	0.036



	Unvaccinated
	61 (89.7%)
	35 (76.1%)
	



	Incomplete
	4 (5.9%)
	10 (21.7%)
	



	Complete
	1 (4.4%)
	1 (2.2%)
	



	Years from last MMR dose (mean ± SD)
	6.6 ± 4.1
	14.8 ± 6.3
	<0.001



	Comorbidities
	
	
	



	None
	64 (94.1%)
	34 (73.9%)
	0.002



	Diabetes Mellitus
	0 (0.0%)
	3 (6.5%)
	0.033



	Cardiovascular disease
	1 (1.5%)
	1 (2.2%)
	0.779



	Chronic lung disease
	0 (0.0%)
	3 (6.5%)
	0.033



	Others
	3 (4.4%)
	5 (10.9%)
	0.185







* Data reported as n (%) and analyzed using Chi-square or Fisher’s exact test. Data stratified by duration of hospital admission as short stay (less than or equal with the median of 6 days) and long stay (more than the median of 6 days); SD—standard deviation; MMR—measles mumps rubella vaccine.
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Table 2. Comparison of clinical characteristics, complications, and outcomes of adult patients admitted with measles, stratified by duration of hospital stay.
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	Variables
	Short Stay (n = 68)
	Long Stay (n = 46)
	p-Value *





	Signs and Symptoms
	
	
	



	Koplik’s spots
	21 (30.9%)
	15 (32.6%)
	0.845



	Maculopapular rash
	59 (86.8%)
	39 (84.8%)
	0.765



	Fever
	63 (92.6%)
	46 (100.0%)
	0.059



	Coryza
	40 (58.8%)
	28 (60.9%)
	0.827



	Conjunctivitis
	31 (45.6%)
	26 (56.5%)
	0.252



	Cough
	53 (77.9%)
	41 (89.1%)
	0.123



	Headache
	29 (42.6%)
	17 (37.0%)
	0.543



	Diarrhea
	15 (22.1%)
	21 (45.7%)
	0.007



	Fatigue
	42 (61.8%)
	40 (87.0%)
	0.003



	Altered mental status
	3 (4.4%)
	7 (15.2%)
	0.045



	Complications
	
	
	



	None
	6 (8.8%)
	0 (0.0%)
	0.038



	Liver damage
	9 (13.2%)
	13 (28.3%)
	0.046



	Upper respiratory tract infection
	29 (42.6%)
	14 (30.4%)
	0.186



	Pneumonia
	22 (32.4%)
	24 (52.2%)
	0.034



	Sepsis
	1 (12.2%)
	3 (6.5%)
	0.150



	Acute respiratory failure
	1 (12.2%)
	2 (4.3%)
	0.346



	Chest X-ray
	
	
	



	Bilateral consolidation
	20 (29.4%)
	26 (56.5%)
	0.003



	Interstitial pattern
	18 (26.5%)
	20 (43.5%)
	0.058



	Antibiotic treatment
	
	
	



	None
	28 (41.2%)
	5 (10.9%)
	<0.001



	Cephalosporins
	34 (50.0%)
	22 (47.8%)
	0.819



	Fluoroquinolones
	2 (2.9%)
	4 (8.7%)
	0.177



	Macrolide
	2 (2.9%)
	9 (19.6%)
	0.003



	Penicillins
	2 (2.9%)
	6 (13.0%)
	0.038



	Hospital stay—days (mean ± SD)
	4.4 ± 1.2
	8.7 ± 1.9
	0.001



	ICU admission
	1 (1.5%)
	5 (10.9%)
	0.027



	Mortality
	0 (0.0%)
	0 (0.0%)
	-







* Data reported as n (%) and analyzed using Chi-square or Fisher’s exact test. Data stratified by duration of hospital admission as short stay (less than or equal with the median of 6 days) and long stay (more than the median of 6 days); IQR—interquartile range; ICU—intensive care unit.
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Table 3. Comparison of biological parameters of adult patients admitted with measles, stratified by duration of hospital stay.
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	Variables
	Normal Range
	Short Stay

(n = 68)
	Long Stay

(n = 46)
	p-Value *





	WBC (thousands/mm3)
	4.5–11.0
	30.5%
	61.5%
	<0.001



	Lymphocytes (thousands/mm3)
	1.0–4.8
	42.2%
	54.9%
	0.001



	RBC (millions/mm3)
	4.35–5.65
	31.8%
	38.0%
	0.218



	Hemoglobin (g/dL)
	13.0–17.0
	22.1%
	41.2%
	<0.001



	Platelets (thousands/mm3)
	150–450
	49.7%
	60.9%
	0.055



	ALT (U/L)
	7–35
	34.9%
	47.1%
	0.044



	AST (U/L)
	10–40
	38.3%
	46.3%
	0.192



	BUN (mmol/L)
	2.1–8.5
	22.8%
	27.5%
	0.373



	Creatinine (µmol/L)
	0.74–1.35
	21.6%
	26.6%
	0.408



	LDH (U/L)
	140–280
	18.0%
	30.6%
	0.001



	Procalcitonin (ug/L)
	0–0.5 ug/L
	34.7%
	53.1%
	<0.001



	CRP (mg/L)
	0–10 mg/L
	32.3%
	55.9%
	<0.001



	Fibrinogen (g/L)
	2–4 g/L
	36.9%
	58.0%
	<0.001







* Data reported as n (% outside the normal range), and analyzed using Chi-square or Fisher’s exact test. Data stratified by duration of hospital admission as short stay (less than or equal with the median of 6 days) and long stay (more than the median of 6 days); WBC—white blood cells; RBC—red blood cells; AST—aspartate aminotransferase; ALT—alanine aminotransferase; LDH—lactate dehydrogenase; BUN—blood urea nitrogen; CRP—C-reactive protein.
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Table 4. Multivariate risk factor analysis for long hospitalization and development of pneumonia using data recorded on patient admission. Data presented in ascending order of odds ratios.
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	Risk Factors
	Long Hospitalization

(OR 95% CI)
	p-Value
	Pneumonia

(OR 95% CI)
	p-Value





	Chronic lung disease
	1.07 (1.01–1.46)
	0.044
	1.22 (1.03–1.94)
	0.044



	Liver damage
	1.66 (1.28–2.41)
	0.018
	1.35 (1.06–2.27)
	0.017



	Ethnicity—Roma
	1.79 (1.11–2.59)
	0.012
	1.41 (1.13–2.70)
	0.005



	Years from last MMR dose
	2.02 (1.42–3.18)
	0.004
	2.43 (1.22–3.66)
	<0.001



	CRP
	2.17 (1.33–3.10)
	0.001
	2.96 (1.64–3.69)
	<0.001



	Bilateral consolidation
	3.13 (1.91–4.46)
	<0.001
	3.28 (1.88–4.33)
	<0.001



	Procalcitonin
	3.49 (2.43–4.77)
	<0.001
	3.75 (2.63–4.81)
	<0.001







CRP—C-reactive protein; MMR—measles mumps rubella vaccine.
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