
German symptom English sensitivity precision F1 score

verstopfte Nase stuffy nose 0.7 0.8 0.75

Gelenkschmerzen joint pain 0.7 0.7 0.7

Malaise malaise 0.8 0.62 0.7

laufende Nase runny nose 0.6 0.75 0.67

Hautausschlag skin rash 0.7 0.6 0.65

Nesselsucht hives 0.6 0.67 0.63

hämatogen hematogenous 0.5 0.83 0.63

Lethargie lethargy 0.6 0.64 0.62

Fehlgeburt miscarriage 0.6 0.6 0.6

Erschöpfung exhaustion 0.5 0.63 0.56

Schüttelfrost chills 0.5 0.63 0.56

trockener Husten dry cough 0.5 0.63 0.56

Muskelschmerzen muscle pain 0.5 0.63 0.56

Delirium delirium 0.6 0.5 0.55

Rachenschmerzen throat pain 0.4 0.8 0.53

Wassersucht dropsy 0.4 0.8 0.53

Hautrötung skin redness 0.4 0.8 0.53

Myalgie myalgia 0.5 0.56 0.53

Gliederschmerzen body ache 0.5 0.56 0.53

septischer Schock septic shock 0.5 0.56 0.53

(a) Confirmed cases

German symptom English sensitivity precision F1 score

laufende Nase runny nose 0.88 0.88 0.88

Delirium delirium 0.88 0.58 0.7

Lethargie lethargy 0.75 0.64 0.69

schlechte Ernährung poor feeding 0.5 1 0.67

verstopfte Nase stuffy nose 0.75 0.6 0.67

Thrombozytopenie thrombocytopenia 0.63 0.63 0.63

Sputum sputum 0.63 0.63 0.63

septischer Schock septic shock 0.63 0.56 0.59

Fieber fever 0.63 0.56 0.59

hämatogen hematogenous 0.5 0.67 0.57

Arrhythmie arrhythmia 0.5 0.63 0.56
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Sinustachykardie sinus tachycardia 0.63 0.5 0.56

Urtikaria urticaria 0.63 0.5 0.56

Pneumonie pneumonia 0.63 0.45 0.53

Verwirrung confusion 0.63 0.45 0.53

Keuchen wheezing 0.63 0.45 0.53

Schleim phlegm 0.63 0.45 0.53

Erschöpfung exhaustion 0.5 0.5 0.5

Bronchitis bronchitis 0.5 0.5 0.5

Malaise myalgia 0.63 0.38 0.48

(b) Deaths

German symptom English sensitivity precision F1 score

laufende Nase runny nose 0.67 0.75 0.71

Delirium delirium 0.78 0.58 0.67

Gliederschmerzen body ache 0.67 0.67 0.67

Lethargie lethargy 0.67 0.64 0.65

schlechte Ernährung poor feeding 0.44 1 0.62

Pneumonie pneumonia 0.67 0.55 0.6

Verwirrung confusion 0.67 0.55 0.6

Keuchen wheezing 0.67 0.55 0.6

Schleim phlegm 0.67 0.55 0.6

verstopfte Nase stuffy nose 0.56 0.6 0.58

septischer Schock septic shock 0.56 0.56 0.56

Schock shock 0.56 0.56 0.56

Knistern crackles 0.56 0.56 0.56

Durchfall diarrhoea 0.56 0.56 0.56

Malaise myalgia 0.67 0.46 0.55

Lungenödem pulmonary edema 0.67 0.46 0.55

hämatogen hematogenous 0.44 0.67 0.53

Dyspnoe dyspnea 0.56 0.5 0.53

Bronchitis bronchitis 0.56 0.5 0.53

Sinustachykardie sinus tachycardia 0.56 0.5 0.53

(c) Hospitalization

Supplementary Table S1 Sensitivity, Precision, and F1 Score for top 20 symptoms with descending F1
scores from Google Trends as an early indicator for an onset of up-trends in COVID-19 gold standards

(a) Confirmed cases (b) Deaths (c) Hospitalization.
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German symptom English sensitivity precision F1 score

Steifheit rigors 0.8 0.89 0.84

Schlaganfall stroke 0.6 1 0.75

Erschöpfung exhaustion 0.6 0.86 0.71

Diarrhö diarrhea 0.7 0.64 0.67

Hirnschlag brain attack 0.6 0.75 0.67

Reizbarkeit irritability 0.7 0.58 0.64

schwere Lungenentzündung severe pneumonia 0.6 0.67 0.63

Entzündung inflammation 0.5 0.83 0.63

Enzephalitis encephalitis 0.5 0.83 0.63

Halsentzündung sore throat 0.6 0.6 0.6

Nierenversagen renal failure 0.5 0.71 0.59

laufende Nase runny nose 0.5 0.71 0.59

Meningoenzephalitis meningoencephalitis 0.5 0.71 0.59

Verwirrung confusion 0.5 0.71 0.59

hohes Fieber high fever 0.5 0.71 0.59

Nesselsucht hives 0.6 0.55 0.57

trockener Husten dry cough 0.5 0.63 0.56

Hirninfarkt cerebral accident 0.5 0.63 0.56

Husten cough 0.5 0.63 0.56

Schnupfen rhinitis 0.5 0.63 0.56

(a) Confirmed cases

German symptom English sensitivity precision F1 score

Erschöpfung exhaustion 0.63 0.71 0.67

Nierenversagen renal failure 0.63 0.71 0.67

Pharyngitis pharyngitis 0.63 0.71 0.67

Verwirrung confusion 0.63 0.71 0.67

Diarrhö diarrhea 0.75 0.55 0.63

Hypoventilation hypoventilation 0.5 0.8 0.62

Durchfall diarrhoea 0.63 0.56 0.59

Müdigkeit fatigue 0.5 0.67 0.57

erschwerte Atmung labored respiration 0.5 0.67 0.57

leichte Bindehautentzündung mild conjunctivitis 0.38 0.75 0.5

Koagulopathie coagulopathy 0.38 0.75 0.5

Ödeme in der Lunge oedematous lungs 0.38 0.75 0.5
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Epistaxis epistaxis 0.5 0.5 0.5

Benommenheit dizziness 0.5 0.5 0.5

Orthopnoe orthopnea 0.5 0.5 0.5

mangelnde Koordination lack of coordination 0.5 0.5 0.5

Steifheit rigors 0.5 0.44 0.47

Atemprobleme breathing problems 0.5 0.44 0.47

Gelenkschmerzen joint pain 0.5 0.44 0.47

Enanthem enanthem 0.38 0.6 0.46

(b) Deaths

German symptom English sensitivity precision F1 score

Steifheit rigors 0.67 0.67 0.67

Benommenheit dizziness 0.67 0.63 0.65

verstopfte Nase stuffy nose 0.67 0.6 0.63

Keuchen wheezing 0.67 0.6 0.63

schlechte Ernährung poor feeding 0.67 0.6 0.63

Erschöpfung exhaustion 0.56 0.71 0.63

Nierenversagen renal failure 0.56 0.71 0.63

Depression depression 0.56 0.71 0.63

leichte Bindehautentzündung mild conjunctivitis 0.44 1 0.62

Entzündung inflammation 0.56 0.67 0.61

Diarrhö diarrhea 0.67 0.55 0.6

Hypoventilation hypoventilation 0.44 0.8 0.57

Durchfall diarrhoea 0.56 0.56 0.56

Schwäche weakness 0.56 0.56 0.56

schwere Lungenentzündung severe pneumonia 0.56 0.56 0.56

Appetitlosigkeit loss of appetite 0.56 0.55 0.55

erschwerte Atmung labored respiration 0.44 0.67 0.53

Enzephalitis encephalitis 0.44 0.67 0.53

Gliederschmerzen body ache 0.44 0.57 0.5

Bronchitis bronchitis 0.44 0.57 0.5

(c) Hospitalization

Supplementary Table S2 Sensitivity, Precision, and F1 Score for top 20 symptoms with descending F1
scores from Twitter as an early indicator for an onset of “up-trends” in COVID-19 gold standards (a)

Confirmed cases (b) Deaths (c) Hospitalization.
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German English

Lymphopenie, Müdigkeit, Rachenschmerzen
(Halsentzündung), Sputum, Muskelschmerzen,

Entzüdung, Erbrechen, Ausfluss, Fieber, trockener
Husten, Schock, Husten, Kopfschmerzen, Angst,
respiratorische Insuffizienz, Übelkeit, Dyspnoe

(Atemnot), Pneumonie (Lungenentzüdung),
Hypoxämie, Durchfall

lymphopenia, fatigue, throat pain (sore throat), sputum,
muscle pain, inflammation, vomiting, discharge, fever,
dry cough, shock, cough, headache, anxiety, respiratory

insufficiency, nausea, dyspnea (breathing difficulty),
pneumonia, hypoxemia, diarrhea

Supplementary Table S3. Top 20 German symptom terms used for generating the Google Trends and
Twitter combined indicator. Replacement synonyms for Twitter are given in parentheses. The English

translations are also shown in the table as an illustration.

Gold standard Google Trends

sensitivity precision F1 score

Confirmed cases 0.5 0.5 0.5

Deaths 0.5 0.4 0.44

Hospitalization 0.44 0.4 0.42

Gold standard Twitter

sensitivity precision F1 score

Confirmed cases 0.4 0.57 0.47

Deaths 0.25 0.29 0.27

Hospitalization 0.33 0.43 0.38

Gold standard Combined

sensitivity precision F1 score

Confirmed cases 0.5 0.71 0.59

Deaths 0.25 0.29 0.27

Hospitalization 0.33 0.43 0.38

Supplementary Table S4. Sensitivity, Precision, and F1 Score for different proxies (Google Trends,
Twitter, and combined of both) as an early indicator for an onset of “up-trends” in COVID-19 gold

standards (Confirmed cases, Deaths, and Hospitalization).
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Hyperparameters Range

n_estimators suggest_categorical ("n_estimators", [200, 300, 400, 500, 600])

min_samples_split suggest_categorical ("min_samples_split", [2, 5, 10])

max_depth suggest_int ("max_depth", 5, 50, step=10)

min_samples_leaf suggest_categorical ("min_samples_leaf", [1, 2, 4])

max_features suggest_categorical ("max_features", ["log2", "sqrt"])

Supplementary Table S5. Overview of hyperparameters tuning in Random Forest

Hyperparameters Range

num_epochs suggest_categorical ("num_epochs", [400, 500, 600, 700])

batch_size suggest_categorical ("batch_size", [16, 32, 64])

n_hidden suggest_int ("n_hidden", 60, 120)

n_layers suggest_int ("n_layers", 2, 4)

lr suggest_loguniform ("lr", 4e-4, 2e-3)

dropout suggest_float ("dropout", 0, 0.2, step=0.1)

Supplementary Table S6. Overview of hyperparameters tuning in LSTMs
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Hyperparameters Google Trends-
Confirmed cases

Combined-
Confirmed cases

Google Trends-
Hospitalization

Combined-
Hospitalization

n_estimators 600 300 300 200

min_samples_split 2 2 5 2

max_depth 15 25 25 35

min_samples_leaf 4 2 2 1

max_features “log2” “log2” “log2” “log2”

(a) Optimal Random Forest hyperparameters

Hyperparameters Google Trends-
Confirmed cases

Combined-
Confirmed cases

Google Trends-
Hospitalization

Combined-
Hospitalization

num_epochs 700 500 600 400

batch_size 16 64 64 64

n_hidden 65 115  75 85

n_layers 3 3 3 3

lr 0.001182682837363
84

0.00097804648626467
73

0.00043394494020180
55

0.001249464512293
463

dropout 0.1 0.1 0.1 0.1

(b) Optimal LSTMs hyperparameters

Supplementary Table S7. Optimal hyperparameters in (a) Random Forest and (b) LSTMs for
forecasting trends of confirmed cases and hospitalization.
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