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A cost minimization analysis of α2b-interferon supplementation 
in complex pharmacotherapy of rotavirus infection in newborns
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supplementation into the complex pharmacotherapy. 
The input parameters of the model were hospitalization 
days of patients stratified by such signs as the presence 
or absence of rotavirus infection, as well as the additional 
inclusion of α2b-interferon supplementation in complex 
pharmacotherapy. The criterion for prediction and 
decision-making was global retrospective rotavirus 
prevalence. The feature of the simulation was that the costs 
were expressed as relative to each other, which allowed 
unifying the proposed methodology. Retrospective 
analysis of the clinical database of Ukrainian newborns 
with acute diarrhea has proved that the decision of α2b- 
-interferon supplementation as additional treatment could 
be cost-saving under 7.4 times its lower price.
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Souhrn

Rotavirus je jedním z  nejdůležitějších původců gastro-
enteritidy u  kojenců a  dětí na celém světě, což má za 
následek vysokou úmrtnost a nemocnost, zejména v roz-
vojových zemích s  nízkými příjmy. Příslušná analýza 
lékařských záznamů novorozenců hospitalizovaných 
s akutní gastroenteritidou ukázala, že použití α2b-inter-
feronu v  komplexní farmakoterapii bylo charakterizo-
váno rychlejším ústupem klinických projevů choroby 
než u pacientů, kteří interferon nedostávali. V naší stu-
dii jsme se také zaměřili na odhad účinnosti α2b-inter-
feronové suplementace v  kombinované farmakoterapii 
novorozenců s podezřením na rotavirovou infekci. Do-
sažení tohoto cíle bylo možné konstrukcí modelu v po-
době rozhodovacího stromu a stanovením rozhodovacích 
pravidel pro zahrnutí α2b-interferonové suplementace do 
komplexní farmakoterapie. Vstupními parametry mode-
lu byly hospitalizační dny pacientů rozvrstvené takový-
mi znaky, jako je přítomnost či nepřítomnost rotavirové 
infekce, jakož i  doplňkové zahrnutí α2b-interferonové 
suplementace v  rámci komplexní farmakoterapie. Kri-
tériem pro predikci a  rozhodování byla globální retro-
spektivní prevalence rotaviru. Charakteristikou simulace 
bylo, že náklady byly vyjádřeny relativně vůči sobě, což 
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Summary

Rotavirus is one of the most important causative agents 
of gastroenteritis in both infants and children worldwide, 
resulting in high mortality and morbidity, mainly in 
low-income, developing countries. Respective analysis 
of medical records of newborns hospitalized with acute 
gastroenteritis showed that the use of α2b-interferon in 
complex pharmacotherapy was characterized by faster 
reverse development of clinical manifestations of the 
disease than in patients who did not receive interferon. 
In our study, we also aimed to estimate the effectiveness 
of α2b-interferon supplementation in combination 
pharmacotherapy of newborns with suspected rotavirus 
infection. Achievement of this goal was possible with the 
construction of a decision tree model and determination 
of decision rules for inclusion of α2b-interferon 
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More than 110 million cases of rotavirus infection (RVI) 
worldwide, mostly among young children, are reported 
annually, about 25 million of these are being admitted to 
hospital19). In Ukraine, RVI incidence varied from 0.93 to 
3.18 per 100,000 in the total population in different years, 
tending to increase, especially among young children20, 21). 
Further analysis of retrospective monthly RVI incidence 
epidemiological data in Ukraine (Form 3 of Statistical 
Report) from 2010 to 2016, provided by the Center for 
Public Health of the Ministry of Health of Ukraine, 
showed monthly morbidity 2–5 cases per 100 thousand 
population (500–2000 cases per month) mainly among 
children aged under 5 years with pronounced seasonality 
in the autumn-winter period and upward dynamic trend. 
Information on asymptomatic RVI cases was unknown, 
so it was assumed that RVI has been considered to be 
severe with symptoms according to the Vesikari grading 
scale ≥ 1122).

The diverse spectrum of viral actions on the human body, 
the spread of viral infections and severe complications 
determine the relevance of effective pharmacotherapy. 
Currently, several antiviral drugs are known and 
introduced into medical practice; they belong to different 
groups of substances, such as nucleosides analogs, 
interferons, immunoglobulins G, etc.23). The ongoing 
relevance of viral diseases stimulates the development 
of new therapies, and their implementation into medical 
practice will be accompanied by an emerging issue of their 
effectiveness. Methods of complex pharmacotherapy 
of rotavirus gastroenteritis in children that include 
symptomatic, pathogenetic and diet pharmacotherapy 
are aimed primarily at rehydration, detoxification of the 
body and normalization of intestinal microbiocenosis. 
Given the lack of etiotropic pharmacotherapy for RVI, 
there is an urgent need to develop therapies aimed at 
suppressing certain stages of rotavirus reproduction. 

umožnilo sjednocení navrhované metodiky. Retrospek-
tivní analýza klinické databáze ukrajinských novorozen-
ců s akutním průjmem prokázala, že rozhodnutí o suple-
mentaci α2b-interferonem jako doplňkové léčbě může 
vést k úspoře nákladů pod 7,4násobkem jeho nižší ceny.
Klíčová slova: novorozenec • rotavirová infekce • inter-
feron • analýza minimalizace nákladů

Introduction

Viruses play one of the leading roles in human 
pathology, causing a large number of acute and chronic 
diseases. In the twentieth century, viral infections have 
caused far more deaths than all armed conflicts that took 
place during this period. For example, during the 1980s, 
about 300 million people died from natural smallpox, and 
the influenza virus caused about 100 million deaths mostly 
during the Spanish influenza pandemic of 1918–1919  
and later pandemics1–7). Although the number of deaths 
caused by viral infections has decreased, they continue 
to be a  significant factor in reducing overall labor 
productivity. For example, in the United States, there 
are about 200,000 hospitalizations annually caused 
by influenza and about 30 million cases of acute 
gastroenteritis, resulting in 120,000 hospitalizations 
annually8).

The problem of the global spread of acute gastroenteritis 
is currently relevant9–11) as it is high on the list of 
human infectious diseases, ranking right after influenza 
and acute respiratory infections12). The spectrum of 
pathogens causing acute gastroenteritis is diverse and 
includes pathogenic and opportunistic bacteria, protozoa, 
and also viruses13–16). Several studies have shown that 
viruses cause from 25 to 60% acute gastroenteritis cases, 
and among them, rotaviruses play a  leading role17, 18). 

Fig. 1. Age distribution of newborn patients
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Across the retrospective data, 60 patients (70.6%) 
were found rotavirus positive (RV-positive). Among 
them, 31 RV-positive patients received α2b-interferon 
supplementation, administered rectally in the form of 
suppositories (after a  cleansing enema) with a  daily 
dosage of 50–100 thousand IU per kg of body weight, the 
course of treatment lasted 3–5 days. No complications of 
α2b-interferon use were observed (Table 1).

The further cost minimization analysis was conducted 
with the developed software tool »Pharmacoeconomic 
assessment of pharmacotherapy of viral infections«. 
It showed that the severity of the leading symptoms 
was significantly reduced with α2b-interferon 
supplementation regardless of the presence or absence 
of rotavirus. Graphically, it was characterized by 
corresponding hospitalization days (HD) curves with 
95% confidence intervals (Fig. 2).

The detailed analysis noted that the usage of complex 
pharmacotherapy with α2b-interferon supplementation 
was characterized by faster reverse development of 
clinical manifestations of the disease in RVI-positive 
patients corresponding to appropriate HD curves with 
95% confidence intervals (Fig. 3).

The final outcome of both interventions was the 
same regardless of intention used, the difference is 
purely in the time spent in hospital. So our goal was 
to study cost minimization effect of α2b-interferon 
supplementation in newborns with or without rotavirus 
infection. Every clinical data set studied was divided into 
four smaller data sets according to rotavirus infection 
presence (RV-positive/RV-negative) and α2b-interferon 
supplementation (Yes/No). Thus, we were able to divide 
every clinical dataset into four smaller ones and to 
estimate hospitalization duration distribution (Fig. 4).

The perspective of the proposed cost minimization 
analysis referred to the economic vantage point of 
cost-of-illness. This affected all the types of costs 
(resource expenditures) and their minimization due 
to proposed pharmacotherapy. Analysis defined the 
currency reference that represented the resource 
expenditure associated with given costs but the costs 
were expressed as relative to each other, which allowed 
unifying the proposed methodology. The unified 
methodology could be focused on the institutional 
and patient perspective and treatment costs would 
be relevant to resource expenditures involved in the 
analyzed pharmacotherapy.

In the absence of information on the presence of 
a  viral agent, the question arises of the choice of 
pharmacotherapy for an infectious disease. The algorithm 

From a  theoretical point of view, the most promising 
for this purpose are interferons or their inducers, which 
have probable antiviral effect: block the synthesis of 
viral proteins or inhibit other stages of reproduction of 
a wide range of viruses. Interferons, widely used for 20 
years in the protocols for the treatment of acute intestinal 
infections in post-Soviet countries, are divided into types 
by IFN-α, IFN-β, IFN-γ, and by manufacturing method 
– natural (first generation drugs) and recombinant 
(second generation drugs). The use of interferons for the 
treatment of viral infections strongly suggest a possible 
positive effect of recombinant interferon use in complex 
therapy of RVI in infants and children24–30).

Therefore, the aim of this study was to investigate 
possible cost minimization effect of α2b-interferon 
supplementation in the complex pharmacotherapy of 
rotavirus infection in newborns with the use of analytical 
modeling.

	
Experimental part

Methods
Retrospective analysis was based on 85 health records 

of newborns (56 boys and 29 girls) aged 1 to 17 days 
of life (Fig. 1) born in the period from 2001 to 2002 
and hospitalized to the intensive care unit of National 
Children’s  Specialized Hospital »Okhmatdit« (Kyiv) 
mainly in a  difficult condition: clinical manifestations 
of gastrointestinal disorders, hypoxic or hypoxic-
hemorrhagic lesions of the central nervous system, 
hyperbaric bilirubinemia, respiratory distress syndrome, 
etc.

Retrospective data were statistically analyzed for the 
estimation of α2b-interferon usage and RVI findings. 
Analysis of patient’s  medical records showed that all 
hospitalized patients were examined for the presence of 
rotavirus antigens in the clinical material (feces) by the 
indirect hemagglutination reaction method. 

All 85 patients received basic pathogenetic 
pharmacotherapy with inclusion of enteral nutrition for 
every 6–8 hours, depending on the clinical condition. 
Infants with grade II of dehydration were treated 
with infusion pharmacotherapy for detoxification, 
rehydration, and partial parenteral nutrition. In case of 
bacterial complications, antibacterial pharmacotherapy 
was administered, taking into account the susceptibility 
of bacteria to antibiotics: gentamicin, second-generation 
cephalosporins, polymyxin, and others. If necessary, 
additional symptomatic pharmacotherapy was 
administered.

Table 1. Statistical representation of retrospective data

Total number of patients Number of patients, who 
received α2b-interferon

Number of patients, who 
didn’t receive α2b-interferon

RV-negative patients 25 16 9

RV-positive patients 60 31 29
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To facilitate the adoption of pharmacotherapeutic 
solutions, the concept of the maximum probability of the 
presence of a  viral infection is launched. The decision 
to choose the scheme of pharmacotherapy is taken 

of such a choice depends on possible outcomes: total cost 
in the absence of a viral infection of interest (Cn), and (Cv) 
– if present, when choosing the appropriate technology of 
pharmacotherapy.

Fig. 2. Hospitalization days probability (α2b-interferon supplementation; 
newborn patients)

Fig. 3. Hospitalization days probability (α2b-interferon supplementation; 
RVI-positive newborn patients)
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where D – duration of hospital stay, presence (n) or 
absence (v) of the pathogen,  ͞C – average costs of one day 
of baseline pharmacotherapy, CT – costs for additional 
pharmacotherapy.

The technology of pharmacotherapy B is dominant in 
relation to pharmacotherapy A if the relevant condition is 
fulfilled:		
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additional pharmacotherapy. 

 
Fig. 5. Decision tree of α2b-interferon supplementation in complex 

pharmacotherapy of newborn and expected costs 
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Fig. 4. Distribution of hospitalization duration for each alternative
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clinical and pharmaceutical management of patients in 
a hospital and a reliable source for assessing the recovery 
rate, necessary to support decision-making in choice of 
optimal pharmacotherapy.

In our study, we found that α2b-interferon 
supplementation in the management of children with acute 
gastroenteritis resulted in faster reverse development 
of clinical manifestations of the disease. The wide 
uncertainty of results, determined in hospitalization days, 
could be explained by the fact that the dataset studied 
included patients with various clinical complications. 
Nevertheless, it was shown that the decision in favor of 
α2b-interferon supplementation as additional treatment 
could be cost-saving under 7.4 times lower price of α2b-
interferon from public health care system perspective. 

Definitely, our research has some limitations. In our 
study, we only estimated α2b-interferon supplementation 
in combination treatment of acute diarrhea. Nevertheless, 
it can also be performed easily on any combination of 
treatment effectiveness. However, from the other side, 
this requires a substantial amount of analytical work that 
falls beyond the scope of this paper.
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