
5
ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ Эпидемиология и инфекционные болезниТом 29, № 1, 2024

Статья доступна по лицензии CC BY-NC-ND 4.0 International license 
© Эко-Вектор, 2024

DOI: https://doi.org/10.17816/EID627198

Прогнозирование исходов COVID-19 у пациентов  
с продвинутыми стадиями ВИЧ-инфекции: подход, 
основанный на создании предсказательной модели 
А.Э. Цыганкова1, В.П. Чуланов1, А.Н. Герасимов2, Е.В. Волчкова1, А.А. Приваленко2,  
В.А. Бахтина3, В.А. Хабудаев4, Д.В. Баймухамбетова1 
1	 Первый Московский государственный медицинский университет имени И.М. Сеченова (Сеченовский Университет), Москва,  

Российская Федерация; 
2	 Центральный научно-исследовательский институт эпидемиологии, Москва, Российская Федерация;
3	 Специализированная клиническая инфекционная больница, Краснодар, Российская Федерация;
4	 Иркутская областная клиническая больница, Иркутск, Российская Федерация 

АННОТАЦИЯ
Обоснование. В настоящее время повсеместно внедряются системы поддержки принятия врачебных решений. Одним 
из таких инструментов может быть прогностическая модель, способная выделять пациентов высокого риска, которым 
необходима госпитализация и клинический мониторинг. В этой статье предлагается прогностическая модель исходов 
COVID-19 у пациентов с ВИЧ-инфекцией на стадии вторичных заболеваний, поскольку эти пациенты являются группой 
риска неблагоприятного исхода и требуют особого подхода.
Цель исследования — создание прогностической модели предикторов неблагоприятных исходов COVID-19 у пациен-
тов с ВИЧ-инфекцией на стадии вторичных заболеваний.
Материалы и методы. Проведён анализ 500 историй болезней госпитализированных пациентов с ВИЧ-ин
фекцией на стадии вторичных заболеваний и подтверждённым COVID-19, проходивших стационарное лечение 
в инфекционной клинической больнице № 2 г. Москвы c 1 марта 2020 года по 31 декабря 2022 года. 
Результаты. В качестве возможных предикторов неблагоприятного исхода COVID-19 у пациентов с COVID-19 были 
оценены 167 показателей укаждого из 500 пациентов. Затем были выделены 50 факторов, которые достоверно раз-
личались в группах пациентов с COVID-19 и ВИЧ-инфекцией на стадии вторичных заболеваний с благоприятным и ле-
тальным исходом. Наиболее значимым фактором, имеющим корреляционную силу с летальным исходом у пациентов 
с COVID-19 и ВИЧ-инфекцией на стадии вторичных заболеваний, стала необходимость в кислородной поддержке. 
Отбор последующих предикторов производился пошаговым методом, чтобы при добавлении факторов возрастала 
предсказательная точность полученной модели.
В итоговую модель вошли 7 факторов: необходимость в осуществлении кислородной поддержки, число CD4+ лимфо-
цитов менее 50 кл/мкл, манифестная цитомегаловирусная инфекция с поражением лёгких, показатель уровня лактат-
дегидрогеназы выше нормы, энцефалит неуточнённой этиологии, уровень мочевины, показатель уровня фибриноге-
на выше нормы. Для оценки практической значимости полученной прогностической модели был рассчитан прогноз 
для имеющихся данных и построена ROC-кривая. Площадь под кривой составила 90,9%, что подтверждает точность 
прогнозирования, имеющую практическую значимость.
Заключение. Созданная прогностическая модель позволяет оценить возможный исход инфекционного процесса у па-
циентов с COVID-19 и ВИЧ-инфекцией на поздних стадиях на момент поступления в стационар и на основании полу-
ченного результата спланировать адекватные терапевтические мероприятия.
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ABSTRACT
BACKGROUND: Today, clinicians and their decisions extensively rely on specific treatment algorithms. These algorithms include 
prognostic models to identify high risk patients requiring hospital admission and clinical monitoring. This study suggests  
a prognostic model for forecasting COVID-19 outcomes in patients with advanced HIV infection, considering the high risk of 
unfavorable outcomes and the need for a specialized approach.
AIM: To develop a prognostic model that combines predictors of unfavorable COVID-19 outcomes in patients with advanced 
HIV infection.
MATERIALS AND METHODS: The study was based on 500 medical records of patients with advanced HIV infection admitted 
for confirmed COVID-19 between March 1, 2020, and December 31, 2022, and inpatient treatment at the Infectious Diseases 
Hospital in Moscow.
RESULTS: All 500 patients were evaluated for 167 predictive markers for unfavorable COVID-19 outcomes, outlining  
50 indicators that significantly varied across the subgroups of patients with both advanced HIV infection and COVID-19 depending 
on the presence of favorable or poor outcomes. Oxygen therapy was the most significant factor showing a strong correlation 
with poor outcomes in patients with advanced HIV infection and COVID-19. Subsequently, predictors were selected stepwise to 
enhance the predictive accuracy of the resulting model by adding more factors.
The resulting model included seven factors: oxygen therapy requirements, CD4+ count under 50 cells/μL; manifested CMV 
infection with lung damage; elevated levels of lactate dehydrogenase, urea, and fibrinogen; and the presence of unspecified 
encephalitis. Using the available data in the calculations, a prognostic scenario and a receiver operating characteristic (ROC) 
curve were created to assess the practical significance of the proposed prognostic model. The area under the ROC curve was 
90.9%, confirming the prediction accuracy and overall practical significance of the model.
CONCLUSIONS: The proposed prognostic model enables the assessment of potential outcomes and planning of adequate 
therapies in patients with HIV and COVID-19 co-infection admitted to hospitals at advanced stages of the disease.
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March 1, 2020, and December 31, 2022, for inpatient treatment 
at the Infectious Diseases Hospital No. 2 in Moscow.

Study procedure
Medical records of patients with HIV and COVID-19 coinfection 

were selected from the archive based on the inclusion and 
exclusion criteria. Clinical and laboratory records of patients 
with advanced HIV and COVID-19 coinfection were evaluated 
during their hospital stay to identify the risk factors for adverse 
outcomes. The derived data were statistically processed.

Materials and methods
The study analyzed 500 medical records of randomly 

selected patients. Male and female patients aged >18 years with 
advanced HIV infection (stages 4A, 4B, and 4B) and confirmed 
moderate-to-severe COVID-19 who received inpatient 
treatment in 2020–2022 at the Infectious Diseases Hospital 
in Moscow were enrolled. The diagnosis of HIV was based 
on the clinical and epidemiologic profile of the patients and 
further confirmed by Western blot analysis of cell-associated  
HIV proteins (Profiblot 48 Tecan, AutoBlot 3000).

HIV staging was based on Pokrovsky’s clinical classification 
of HIV infection introduced in 2006. COVID-19 was confirmed 
by polymerase chain reaction (PCR) of nasopharyngeal and 
oropharyngeal swabs and COVID-19-specific lung infiltration 
by chest computed tomography (CT). CT was performed using 
Toshiba Aquilion 64 CT scanner with a slice thickness of 
0.3 mm in the Infectious Diseases Hospital No. 2.

The exclusion criteria were as follows: tuberculosis at 
any site, pregnancy, terminal renal or hepatic failure, and 
other severe conditions that could potentially challenge the 
study results. The study design is shown in Fig. 1.

Study endpoints
Main study endpoint

The primary outcome of this study was in-hospital 
death.	

Study of subgroups
Demographic, clinical, laboratory, and instrumental 

data were compared between the surviving group and the 
deceased group.

Endpoint registration tools
The endpoint was based on the patient discharge summary 

or postmortem report in the patient medical records.

Ethical review
The study was approved by the Local Ethical Committee 

of the I.M. Sechenov First Moscow State Medical University 
of the Ministry of Health of the Russian Federation (Sechenov 
University), Protocol No. 22-21 dated December 9, 2021.

Background
Healthcare providers taking care of patients with COVID-19 

in heavy workload settings, with physicians overloaded 
by large patient volumes and/or performing tasks beyond 
their conventional duties, are in dire need of supportive  
decision-making tools. By integrating multiple clinical 
variables, a  simple web-based tool for patient assessment 
can facilitate making clinical decisions. A combination of 
adverse outcome factors can enhance the predictive value; 
that is, the higher the predictive value of the model, the more 
likely it would correctly identify patients in need of hospital 
admission and meticulous clinical monitoring.

The National Early Warning Score (NEWS) scale (NEWS2), 
which was developed in 2012 in the UK and updated in 
2017, allows the early detection of deterioration in patients 
with acute respiratory illness [1]. The NEWS/NEWS2 scale 
is an assessment system based on routine physiological 
parameters that are easily and quickly obtained at the 
patient’s bedside. Each parameter is assigned a score, where 
0 is considered normal, and simple addition yields a total 
score ranging from 0 to 23. A score of ≥5 is a key threshold 
value for hospitalization, whereas patients scoring ≥7 are 
potentially at high risk of severe disease and poor outcomes. 
Considering a set of parameters (e.g., temperature, oxygen 
saturation, and oxygen supplementation requirements) 
associated with COVID-19 progression [2, 3], the Royal 
College of Physicians and the Swiss Society for Intensive 
Care Medicine advocated for the introduction of NEWS2 in 
the initial evaluation of patients with COVID-19. The scale 
was later adopted by healthcare providers in many countries, 
including the Russian Federation [4].

Later, over 700 prognostic models have been designed and 
validated to predict the disease severity, adverse outcomes, 
and time until recovery of COVID-19 [5].

However, for patients with HIV and COVID-19 coinfection, such 
a dedicated prognostic model is still not developed despite its 
paramount clinical relevance. Such a tool could assist clinicians 
in prioritizing patients by identifying those at high risk of adverse 
outcomes that require ICU admission for rapid assessment and 
dedicated treatment according to the patient’s profile.

Aim of the study
The study aimed to develop a prognostic model that 

combines the predictors of unfavorable COVID-19 outcomes 
in patients with advanced HIV infection.

Study facility
The study covered the period from 2020 to 2022 and 

was conducted at the Infectious Diseases Hospital No. 2,  
a COVID-19 referral hospital in Moscow.

Study timespan
The study analyzed 500 medical records of patients with 

advanced HIV admitted for confirmed COVID-19 between 



8
ORIGINAL STUDY ARTICLES Epidemiology and Infectious DiseasesVol. 29 (1) 2024

DOI: https://doi.org/10.17816/EID627198

examination data were collected), laboratory, and instrumental 
evaluation according to the Temporary Guidelines for Healthcare 
Workers on the Prevention, Diagnosis, and Treatment of the 
New Coronavirus Infection (COVID-19) (editions 3–14 depending 
on the date of hospital admission) [4] and the Decree of the 
Ministry of Health and Social Development of the Russian 
Federation No. 718n dated November 9, 2012, “Approval of the 
Medical Care Standard for Patients with Disease Caused by 
Human Immunodeficiency Virus (HIV)” [6].

Laboratory biomarkers for evaluation included leukopenia, 
lymphopenia, and low platelet count in the complete blood 
count (CBC); C-reactive protein, lactate dehydrogenase (LDH), 
creatinine, urea, aspartate aminotransferase, and alanine 
aminotransferase in the blood chemistry; and coagulation 
test (D-dimer and thrombin clotting time).

In addition, immunological status (including CD4+ count, 
cells/μL; CD4+ percentage; CD8+ count, cells/μL; CD8+ 
percentage; and CD4+/CD8+) and serum HIV RNA (using Abbott 
m2000rt 9K 1501 PCR analyzer) were evaluated in all patients.

The study considered the contribution of coinfections, 
particularly lung diseases (such as pneumocystis pneumonia, 
active cytomegalovirus (CMV) infection with lung involvement, 
and bacterial and fungal pneumonia), and well-known risk 
factors associated with COVID-19 severity (i.e., diabetes 
mellitus, obesity, arterial hypertension, chronic kidney 
disease, and gout).

Major study result
A conventional prognostic model relies on multiple linear 

regression equations that quantify the association between 
the disease outcome and exposure to study variables and 
can, therefore, predict death probability based on the data 
obtained on hospital admission.

Potential predictors of adverse COVID-19 outcomes in 
patients with advanced HIV infection included 167 parameters, 
which were evaluated in each of the 500 patients.

These parameters included clinical and demographic 
characteristics, i.e., sex and age; clinical and medical history 

Statistical analysis
In the absence of direct analog input, no prior sample 

size calculation was required. Microsoft Office Excel 2016 
spreadsheets were used for data accumulation, adjustment, 
input data streamlining, and visual representation of obtained 
results. IBM SPSS Statistics version 22.0 was used for statistical 
analysis. Frequencies with confidence intervals were calculated 
for categorical variables. Distribution functions and statistical 
parameters were calculated for true numerical variables. The 
chi-squared test was used to determine the independence of 
the difference between the frequencies (Fisher’s exact test was 
used in 2×2 contingency tables). The reliability of the difference 
between distribution functions was determined using the 
Mann–Whitney and Kolmogorov–Smirnov nonparametric 
tests, and the reliability of the difference between averages 
was determined by variance analysis. Correlation analysis 
was performed to identify statistical correlations between true 
numerical indices.

Multivariate analysis was used to predict individual 
risk of unfavorable outcomes. Prediction accuracy and 
practical significance were analyzed using receiver operating 
characteristic (ROC) curves. The applicability of parametric 
statistical methods was verified by calculating the coefficients 
of skewness and excess. At p <0.05, differences were 
considered statistically reliable (statistically significant).

Results
Study subjects (participants)

A total of 500 patients (female = 170; male = 330) 
were enrolled. The age of the patients ranged from 21 to 
76 years, with a median age of 43 years. In both male and 
female patients, patients aged 40–49 years were dominant. 
No  significant differences in sex and age were observed 
between the surviving group and the deceased group.

On admission, all patients underwent standard clinical, 
epidemiologic (complaints, medical history, and physical 

Fig. 1. Study design.

3563 patients were admitted to the Infectious Diseases Hospital No. 2 in Moscow

500 patients were enrolled in the study

2962 patients did not meet the inclusion criteria

101 patients were excluded
38 patients were diagnosed with tuberculosis

14 patients presented with advanced liver failure
28 patients presented with advanced renal failure

17 patients presented with other severe
disorders that might potentially distort the study results

4 patients were discharged prematurely and
failed to present sufficient data for the study
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In Table 2, the B-value is the multiplier coefficient used 
to calculate the forecast, and the B-value statistical error is 
the statistical error for the factors. The B-value is the factor 
multiplier coefficient, whereas β stands for the contribution of 
the factor to the overall prognostic value. In particular, urea 
is the second strongest contributor, although its B-coefficient 
modulo is the smallest [7].

The prognostic value calculated based on Table 2 is 
a numerical parameter: the greater its value, the higher the 
average probability of death.

Patients are distributed according to the expected outcome 
if the critical value is arbitrary: the outcome is favorable if the 
prognostic value is less than the critical value, or unfavorable 
if the prognostic value exceeds the critical value. Comparison 
with the actual outcome allows for calculating the sensitivity 
and specificity of the prognostic method.

Depending on the prognostic value, patients were divided 
into a few subgroups, instead of two, by the probability of 
death. In this study, four groups were identified (Table 3).

According to the abovementioned procedure, the patients 
were divided into four subgroups depending on the obtained 
prognostic value. For example, the prognostic value <0.2 
was obtained in 145 patients, including 6 patients who died, 
with a subgroup mortality rate of 4.14%. The prognostic value 
is converted into outcome probability in Table 3. This table 
is designed based on the complete dataset obtained from 

data (number of days since symptom onset until hospital 
admission, admission to an HIV referral/nonreferral hospital, 
immunotherapy for COVID-19, previous COVID-19 vaccination, 
etc.); laboratory data (CBC, leukocyte and lymphocyte counts, 
blood chemistry and coagulation tests, immunological status 
evaluation by CD4+ and CD8+ counts, immunoregulatory 
index profile, plasma HIV viral load measurement, etc.); 
instrumental examination (lung lesions on chest CT as per 
the percentage of the whole lung parenchyma affected by 
COVID-19); and comorbidities and coinfections.

Then, the parameters showing significant differences 
were identified between the favorable and death outcome 
subgroups of patients with COVID-19 and advanced HIV 
coinfection (Table 1). A positive correlation demonstrates 
that the presence of these factors positively influenced 
the likelihood of death. When the factor was quantitatively 
measured, such as using the NEWS2 scale, an increment in 
its value correspondingly increased the probability of death.

In Table 2, “need for oxygen therapy” is an umbrella 
parameter for high-flow oxygen supply using AirVo or Aventa 
device, artificial respiration, and oxygen therapy via an oxygen 
mask, showing the strongest correlation with mortality in 
patients with advanced HIV and COVID-19 coinfection. Other 
predictors were selected in a stepwise manner to ensure that 
the added factors improved the predictive accuracy of the 
resulting model, which included seven factors (Table 2).

Table 1. Most crucial parameters associated with death in patients with COVID-19 and advanced HIV coinfection

Identified risk factor Risk factor vs. death correlation 
coefficient* p-value**

1. High-flow oxygen using AirVo or Aventa device 0.373 <0.0001

2. Artificial respiration 0.369 <0.0001

3. Oxygen therapy via an oxygen mask 0.359 <0.0001

4. NEWS scale 0.341 <0.0001

5. HIV stage 0.331 <0.0001

6. SpO2 at rest in room air -0.331 <0.0001

7. Pneumocystis pneumonia*** 0.316 <0.0001

8. CD 4+ <50, cells/µL 0.316 <0.0001

9. Lactate dehydrogenase, U/L 0.315 <0.0001

10. Total protein, g/L -0.314 <0.0001

11. Need of oxygen therapy 0.313 <0.0001

12. Active CMV infection with lung involvement**** 0.297 <0.0001

13. Abnormally high lactate dehydrogenase levels, U/L 0.283 <0.0001

14. Lymphocytes, % -0.283 <0.0001

15. ICU stay 0.258 <0.0001

16. Neutrophils, % 0.255 <0.0001

17. Percentage of lung lesions by chest CT (CT1–CT4) 0.251 <0.0001

18. Newly diagnosed HIV 0.246 <0.0001
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Table 1. Ending

Identified risk factor Risk factor vs. death correlation 
coefficient* p-value**

19. Respiratory rate, bpm 0.243 <0.0001

20. Absolute lymphocyte count, 109/L -0.240 <0.0001

21. Duration of onset to hospital admission in days 0.239 <0.0001

22. Unspecified encephalitis 0.221 <0.0001

23. Absolute lymphocyte count, 109/L < 1 0.220 <0.0001

24. CD 4+, % -0.211 <0.0001

25. CD 4+, cell/μL -0.208 <0.0001

26. Body mass deficiency <10% 0.206 <0.0001

27. Ferritin quantitative test result >600 ng/mL 0.204 0.001

28. Urea, g/L 0.201 <0.0001

29. Years lived with HIV since diagnosis -0.195 <0.0001

30. Admitted to HIV nonreferral hospital 0.194 <0.0001

31. Oropharyngeal candidiasis 0.192 <0.0001

32. D-dimer, ng/mL 0.189 <0.0001

33. LogV of HIV in the plasma 0.182 <0.0001

34. CD 8+, cells/μL -0.181 <0.0001

35. Bacterial pneumonia 0.178 <0.0001

36. HIV viral load, copies/mL 0.176 0.003

37. HIV viral load below the detectable level -0.172 0.003

38.	Gastrointestinal, respiratory, and urogenital candidiasis 0.164 <0.0001

39. Immunoregulatory index -0.162 <0.0001

40. ART -0.155 0.001

41. Kaposi’s sarcoma 0.140 0.002

42. Diastolic BP -0.140 0.002

43. Hemoglobin, g/L -0.139 0.002

44. Active CMV infection 0.130 0.004

45. Systolic BP -0.129 0.004

46. Fungal pneumonia 0.121 0.007

47. Age 0.118 0.008

48. Positive procalcitonin test 0.117 0.088

49. Immunotherapy 0.113 0.013

50. Abnormally high fibrinogen levels, g/L -0.110 0.018

* The Pearson correlation coefficient was calculated to compare the correlation strength between the assumed risk factors and adverse 
outcomes. A positive correlation means that a high-risk factor value increases the probability of death, whereas a negative correlation 
shows that the higher the risk factor value, the lower the probability of death. In particular, a drop, rather than high blood saturation, 
is a risk factor. ** Differences were considered statistically significant at p-value < 0.05. *** Pneumocystis pneumonia was considered 
confirmed by both chest computed tomography (CT) showing radiological features of pneumocystis pneumonia and positive polymerase 
chain reaction (PCR) for sputum and/or bronchoalveolar lavage samples. **** Pulmonary involvement in cytomegalovirus infection was 
confirmed by both chest CT showing infiltration patterns suspicious of cytomegalovirus pneumonitis and positive bronchoalveolar lavage 
PCR of >10,000 copies (additional criteria include positive PCR of >100,000 copies and/or positive PCR result for sputum).
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Table 2. Linear regression coefficients of the risk prediction model in patients with advanced HIV and COVID-19 coinfection

Parameter B B-value stat. error β p-value

(Invariable) -0.14273 0.046845 – 0.002524

Need for oxygen therapy 0.782731 0.080609 0.4513 <0.00001

CD 4+ <50, cells/µL 0.112599 0.042149 0.1255 0.007975

Active CMV infection with lung involvement 0.155922 0.048086 0.1497 0.001321

Abnormally high lactate dehydrogenase levels, U/L 0.124956 0.046431 0.1205 0.007528

Encephalitis 0.204946 0.061375 0.1465 0.000949

Urea, mmol/L** 0.009848 0.002621 0.1629 0.000208

Abnormally high fibrinogen levels, g/L -0.1323 0.039011 -0.1469 0.000791

* Differences are considered statistically significant at p-value <0.05. ** Blood urea is measured in mmol/L. Other yes/no factors are 
assumed to be equal to 1 if the requirement is satisfied, or 0 otherwise.

Table 3. Correlation of the prognostic value to mortality according to the derived prognostic model for patients with advanced HIV and 
COVID-19 coinfection

Prognostic 
value

No. of patients 
corresponding 

to the prognostic value

Patient mortality corresponding 
to the prognostic value, no. of patients

Patient mortality corresponding 
to the prognostic value, %

<0.2 145 6 4.14

0.2–0.4 71 15 21.13

0.4–0.6 44 24 54.55

>0.6 41 39 95.12

Total 301 84 27.91

301 of the 500 patients who had a full set of data used in the 
prognostic analysis.

To assess the prognostic model significance in practice, 
prognostic values for the available data were calculated and 
later compared with the outcome. Eventually, an ROC curve 
was plotted (Fig. 2). Modifications in the critical value would 
alter the sensitivity and specificity. The ROC curve is a graphical 
representation of all sensitivity/specificity datasets.

The area under the ROC curve (ROC AUC) shows the rate 
of false-positive cases against the rate of true-positive cases. 
If the classifier is flawless, the ROC AUC is 1.0, whereas in the 
case of a classifier with a random performance level, the ROC 
AUC is 0.5. In this study, the ROC AUC was 90.9%, confirming 
the prediction accuracy and its practical significance.

The following patient case shows how the proposed 
prognostic model can be applied in a practical setting.

Patient V., a 42-year-old female patient, experienced 
disease symptoms for 3 weeks, including cough, malaise, and 
fever (up to 38℃). She received symptomatic treatment, was 
admitted to City Clinical Hospital N in Moscow, and 1 week 
later was transferred to the Infectious Diseases Hospital 
No.  2 in Moscow because of an HIV infection detected on 
day 27 of the disease.

Fig. 2. ROC curve to predict mortality in patients with advanced HIV 
and COVID-19 coinfection.
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Predictions were estimated based on available data, and 
a ROC curve was derived to evaluate the practical relevance 
of the model. The ROC AUC was 90.9%, which confirmed the 
prediction accuracy and practical significance.

Discussion of the main study result
In patients with advanced HIV infection, COVID-19 outcomes 

depend on the following factors of utmost significance: need 
for oxygen therapy (via high-flow oxygen supply devices 
or oxygen mask), profound immunodeficiency (CD4+ count 
<50 cells/μL), active CMV infection with lung lesions, 
unspecified encephalitis, and abnormal laboratory tests 
(abnormally high levels of LDH, fibrinogen, and quantitatively  
detected urea).

The resulting model included a unique set of risk factors 
for unfavorable COVID-19 outcomes in patients with advanced 
HIV infection, showing similarities and differences with 
existing COVID-19 prognostic models.

The study showed that respiratory failure, i.e., the need for 
oxygen therapy, is the most pivotal risk factor for unfavorable 
COVID-19 outcomes in patients with advanced HIV infection. 
In the study, 60.8% (365/500) of patients presented with 
respiratory failure, including 85.9% (116/135) in the deceased 
group. The need for oxygen therapy is a major risk factor of 
death, increasing the risk of adverse outcomes by 3.94-fold. 
The result is consistent with similar population studies for 
patients with COVID-19; however, the risk factor contribution 
to death differs among subgroups and COVID-19 pandemic 
period [8].

HIV-associated risk factors of poor outcomes in patients 
with COVID-19 and advanced HIV coinfection, included 
absence of ART, unsuppressed HIV viral load, and reduced 
CD4+ count.

The study showed that CD4+ count reduction increased 
the risk of poor outcomes in COVID-19 and advanced HIV 
coinfection: the risk increased 3.24-fold at CD4+ count 
<50 cells/μL and 3.21-fold at CD4+ count <200 cells/μL, 
respectively. Considering that research publications provide 
scarce data on COVID-19 and advanced HIV coinfection, our 

On admission, the patient’s condition was severe, with 
NEWS of 7, respiratory rate of 24 breaths per minute, SpO2 
of 84% in room air, and oxygen therapy up to 97% via an 
oxygen mask.

Laboratory test data were as follows: total protein, 
61.3  g/L; urea, 28 mmol/L; albumin, 30.7 g/L; CD4+ count, 
0 cells/μL; СD4, 0%; fibrinogen, 5.4 g/L.

Chest CT revealed bilateral, predominantly on the right 
side, ground-glass opacification and thickening of the lung 
tissue in the upper and lower lobes and irregular, mostly 
subpleural consolidation, predominantly involving the right 
lower lobe. The lesion volume was up to 75% on the right and 
25% on the left (Table 4).

The patient’s disease severity index was 1.021. As 
shown in Table 3, the patient’s prognostic value was >0.6, 
which indicated that the patient was at extremely high risk, 
with a  mortality risk rate of 95.12%. On day 5 of hospital 
admission, patient V. suffered an unfavorable outcome.

The developed prognostic model (Table 4) allows us to 
estimate potential outcomes of HIV and COVID-19 coinfection 
in patients with advanced disease admitted to hospitals and 
to plan adequate treatment based on the results.

Discussion
Early studies have failed to show the effect of 

HIV infection on the disease course and outcomes of 
COVID-19 in patients with good immune status who  
received ART [17].

This study is an unprecedented attempt to comprehensively 
assess patient history; demographic, laboratory and 
instrumental data; and the effect of opportunistic coinfections 
on the mortality of patients with advanced HIV infection  
and COVID-19.

Summary of the main study result
Based on relevant predictors assessed at hospital 

admission, a prognostic model was derived to estimate 
COVID-19 outcomes in patients with advanced HIV infection. 

Table 4. Applying the multifactor model to a patient case

Parameter Values for patient V, female (А) В А×В

Invariable – -0.14273 -0.14273

Need for oxygen therapy 1 0.782731 0.782731

CD 4+ <50, cells/µL 1 0.112599 0.112599

Active CMV infection with lung involvement 0 0.155922 0

Abnormally high lactate dehydrogenase levels, U/L 1 0.124956 0.124956

Encephalitis 0 0.204946 0

Urea 28 0.009848 0.275744

Abnormally high fibrinogen levels, g/L 1 -0.1323 -0.1323

Disease severity index – – 1.021
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results regarding the course and outcomes of COVID-19 
were compared with those of a general cohort of patients 
with HIV. For example, Nagibina MV et al. demonstrated 
that one of the predictors of an adverse outcome in 
patients with COVID-19 and HIV coinfection was a CD4+ 
lymphocyte count of <200 cells/μL [9], and Dandachi et 
al. showed that a 5.22-fold CD4+ decrease <200 cells/μL 
improved the likelihood of hospitalization [10], whereas 
Yendewa et al. reported that CD4+ count <200 cells/μL was 
associated with an eightfold increase in mortality risk [11]. 
The discrepancy in results is caused by the difference in 
the disease stage among the enrolled patients. In addition, 
Yendewa et al. included 81.6% of patients with CD4+ count 
≥200 cells/μL, whereas in the present study, such patients  
accounted for 21.2%.

Moreover, evidence suggests that in patients with HIV 
and COVID-19 coinfection, HIV viral load >20,000 copies/mL 
increased the risk of poor outcomes by 3.37-fold. HIV viral 
load data are missing in most large-scale cohort studies 
[10, 12, 13]. Kassanjee et al. assumed that HIV viral load does 
not translate into any difference in patient outcomes [14]. 
However, the number of patients with unsuppressed viral load 
(209 patients in the surviving group and 12 in the deceased 
group) was small relative to a total of 22,308 patients with 
COVID-19 and HIV coinfection; in addition, patients were not 
divided by HIV stage.

The absence of АРV treatment in patients with advanced 
HIV and COVID-19 coinfection increased the poor outcome 
risk by 1.88-fold. Sun et al. suggest that the absence of ART 
was a risk factor for severe COVID-19 among patients with 
HIV infection [15]. The odds ratio for severe COVID-19 was 
5.06 times greater in patients without ART.

Although these risk factors increased the adverse 
outcome risk for patients with COVID-19 and advanced HIV 
coinfection, the set of the analyzed factors did not increase 
the significance of the predictive model as shown in the 
multivariate analysis. Therefore, CD4+ count <50 cells/μL 
was the only factor incorporated in the model.

Contemporary papers suggest limited evidence on 
the incidence of opportunistic infections and their adverse 
outcomes in COVID- 19 and HIV coinfection. This study 
revealed that patients with COVID-19 and advanced HIV 
coinfection presented with 1–7 opportunistic comorbidities, 
in which 81% were diagnosed with a pulmonary coinfection 
caused by other agents. Comorbidities and opportunistic 
infections significantly increased the mortality risk in 
patients with COVID-19 and advanced HIV coinfection, such 
as Kaposi’s sarcoma, pneumocystis pneumonia, active CMV 
infection with lung involvement, and unspecified encephalitis. 
These diseases increased the risk of unfavorable outcomes 
by 3.17, 2.74, 2.56, and 2.32 times, respectively. Along 
with the HIV-associated risk factors, the predictive model 
included other factors to improve its prognostic value, such 
as active CMV infection with lung involvement and unspecified  
encephalitis.

The prognostic model includes both laboratory tests 
and data on the serum levels of urea, LDH, and fibrinogen 
exceeding the upper reference limit. LDH is widely present 
in the cytoplasm and mitochondria of various tissues as 
a key enzyme for glycolysis, which can cause tissue cell 
damage. Many disorders, including some infections, hepatic 
fibrosis, acute myocardial infarction, and malignant tumors, 
can upregulate LDH activity [16]. The possible underlying 
mechanism suggests that under hypoxic conditions, 
inflammation can promote anaerobic glycolysis, producing 
adenosine triphosphate, which activates macrophages to 
release large amounts of inflammatory mediators [17]. 
Infections and other stressful events may increase the 
levels of fibrinogen, an acute-phase protein, associated with 
cardiovascular risk [17]. A high urea level is associated with 
intensified infection-induced catabolism and was incorporated 
into the CURB-65 scale in 2003, a scale popularly used to 
assess the severity of pneumonia [18].

Notably, C-reactive protein levels showed reliable 
differences between COVID-19 survivors with advanced 
HIV infection and nonsurvivors, who were not included in 
the multivariate analysis. Patient age, which is the most 
notoriously reported risk factor of adverse COVID-19 
outcomes, did not exacerbate the risk for patients with 
COVID-19 and advanced HIV coinfection, although the 
study enrolled patients of a fairly wide age spectrum  
(21–76 years). Considering the small number of patients with 
conventional risk factors (e.g., obesity, diabetes mellitus, and 
cardiovascular diseases), no data were obtained regarding 
the contribution of these comorbidities.

Study limitations
The study was conducted in one clinical center and focused 

on a small group of patients with advanced HIV infection as  
a specific cohort at a high risk of adverse COVID-19 outcomes. 
Thus, extrapolating these results to all patients with HIV and 
COVID-19 coinfection is impossible.

Conclusion
To assess the practical significance of the proposed 

predictive model, the prognostic value of the available data 
was calculated, and the ROC curve was plotted. The AUC was 
90.9%, which confirms the accuracy of the prediction, showing 
practical significance. The proposed prognostic model allows 
us to estimate the possible outcomes in patients with 
COVID-19 and HIV coinfection at late stages during hospital 
admission and, based on the obtained result, to decide on the 
need for hospitalization in a general ward or intensive care 
unit, and to plan adequate therapeutic measures.
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